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FOODBALT 2008

Dear participants,

“FoodBalt 2008” conference is the first event datkd to the 60th anniversary of Faculty of

Food Technology at the Latvia University of Agricuk and addressed on fundamental and
applied researches of food science. The confereogers a broad range or spectrum of
subjects that relate to nutritional and safety espeof food, approaches of modern

technologies and application of new packaging medtefor food products. Oral and poster

presentations are chosen from competitive revieth®proceedings.

On behalf of the Organizing Committee of the Coaifee and Faculty of Food Technology at
the Latvia University of Agriculture we are prouddavery pleased to welcome you in Jelgava
to the “FoodBalt 2008” conference.

The Organizing Committee will wish you a happy gmoductive conference and looks
forward to your active participation. We are comad that your stay at Jelgava will be
academically, educationally and socially rewarding.

Finally, to the readers of this issue, | hope that will find the papers as valuable,
stimulating and interesting for your scientificiaittes.

Inga Ciprovica
Dean of the Faculty of Food Technology
Latvia University of Agriculture
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WHAT MAKES RYE BREAD HEALTHY?
Kaisa Poutanen

VTT Technical Research Centre of Finland,
P.0.Box 1000, FI-02044 VTT,

Food and Health Research Centre, Department ofi@ttealth and Clinical Nutrition, University of Kapio
P.O.Box 1627, FI-70211 Kuopio, Finland, e-m&hisa.Poutanen@vitt.fi

Abstract

Rye bread baked of whole meal flour is a traditi@ement of the Finnish diet. The average
consumption of rye bread in Finland is 66 g/d (wajmand 100 g/d (men) (Findiet 2002).
The rapidly expanding evidence from epidemiologstaidies about the protective effects of
whole grain foods and cereal fibre against chraiseases give a good background to study
further the mechanisms by which rye bread may dmrttr to health.

In addition to its good and well balanced compositof macronutrients, rye features the
highest dietary fibre content of all common graiRye is also rich in minerals, vitamins,
sterols and phenolic compounds, such as phendlis,a@nans and alkyresorcinols. These
compounds, concentrated on the outer layers ofyrg@, have many types of bioactivities
(antioxidativity, anticarcinogenity etc) which magntribute to the health effects of rye bread.
Our knowledge of their uptake and functions intlhenan body is quickly increasing.

Rye bread has in postprandial studies in healthpams repeatedly shown to induce lower
insulin responses that white wheat bread (Leinaiext, 1999 Juntuneret al, 2002, 2003a).
Intervention studies have shown that whole mealbngad improves postprandial first-phase
insulin secretion in oral glucose tolerance tedtjclv is believed to be of importance for
lowering the risk of type 2 diabetes (Junturetral, 2003b, Laaksoneat al, 2005). Most
recently a diet rich in rye bread was shown to doggulate gene expression in adipose
tissue, including genes linked to insulin signajland apoptosis, as compared to a diet rich in
wheat and oat bread (Kallet al.,2007).

Rye bread is also known to improve bowel functi@ndsteret al., 2000, 2007). Rye fibre is
rich in arabinoxylan, which may positively affet¢tet microflora of our gut, have prebiotic
properties. Outer layers of rye bran also contaiotns, which are readily fermented by the
gut bacteria and are known to be bifidogenic. Theé ajso acts as an important site for

absorption of many of the phytochemicals of rye.
Key words: rye, health, dietary fibre, insulin respnse
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BARLEY AS A RAW MATERIAL FOR NOVEL FOOD PRODUCTS?
Pekka Lehtinen, Ulla Holopainen, Tuija Kosso, Anu Kaukovirta-Norja

VTT Technical Research Centre of Finland,
Tietotie 2, Espoo, P.O. Box 1000, FI-02044 VTT |d¥id

Abstract

Barley is widely cultivated crop in Europe and NoAmerica and the total world production
is around 140 million tonnes. Largest producers Rmgssian, Canada and Germany
(FAOSTAT 2008). Vast majority of the barley cropuised as an animal feed. In addition the
malting and brewing industry uses large quantibiebarley and for example in Finland they
account around 30% of the barley crop. Besides ethiaditional uses, barley has
recentlygained popularity as a functional food adient.

The high beta-glucan content in barley makes iteappg for functional food concepts
(Brennan and Cleary, 2005). In 2005 the US Fooddang administration, FDA, allowed the
health claim for barley beta-glucan products. Taliews labelling products with at least
0.75 grams of barley soluble fiber per serving hgvihe ability to reduce risk of coronary
heart diseases. The high level of beta-glucan aewhrg fibore makes barley products also
appealing for weight management products (Ostetaal, 2006). Besides beta-glucan and
dietary fibre, barley contains also many other tiwve compounds. The nutritional role of
these compounds is currently under extensive igaggin (Bonoliet al, 2004, Liu and
Yao, 2007).

Processing of barley and barley ingredients requdierent technological solutions than
those adapted in wheat, rye and oat processinguiipalatable hull attached to barley kernel
needs to be removed from the barley that is aineeddod consumption. This dehulling
process complicates the wholegrain definition ofldya products and also effects the
fractionation processing of barley. There is areegive research activity to overcome the
technological and sensory limitations related tddyabaking technology. Gluten in barley is
much weaker than in wheat and thus the availabilitgifferent barley bread types is more
limited than wheat breads.

The presentation will give an overview of the catrend potential food uses of barley and the
research needs related to the exploiting the hpattmoting properties in barley products.
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THE CHEMICAL COMPOSITION
OF ORGANIC AND CONVENTIONAL MILK IN LATVIA
Jelena Zagorska, Inga Ciprovica

Latvia University of Agriculture, Department of Fb®echnology
Liela street 2, Jelgava, LV3001, Latvia, e-maifa.ciprovica@.llu.lv

Abstract

According to the data in literature, when chanding agricultural system, animal keeping conditians feed
composition, the content of the product are infhezhto a great extent. Therefore the aim of thegrestudy
was to investigate the chemical composition of laatwrganic milk.

A total 55 samples of raw organic milk, 20 of raarnsitional period from conventional to organiciegiture,
20 of raw conventional milk samples were collectemin different regions of Latvia. The mean contefnt
protein, fat and lactose in organic milk was cadtedl and compared with the data from Latvia's Stagency
“Agricultural data centre”. The concentration ofaiam, thiamine and riboflavin compared to convenél milk
samples and the data from literature. The datapmasessed using the SPSS software package SPSSad.0
MS EXCEL.

The content of fat (4.98+0.08%) and lactose (4.884%) in organic milk samples was significant highe
(p<0.05). In 32% of organic milk samples the cohtgfrurea was for 29.6 mg Rdower than the minimum limit
150 mg kg. The content of thiamin in organic milk samplessveignificantly lower (p<0.05) in comparison
with the data from literature and conventional miitatistically significant difference between trganic and
conventional milk samples (p<0.05) was found in¢batent of riboflavin.

The concentration of separate nutrients, as fatpse, thiamin and riboflavin in organic milk isgsificant
different compared with conventional milk.

Key words: organic and conventional milk, chemical compositi

Introduction

Organic agriculture as an independent sector ini&axists from the 20th century nineties.
The aim of organic agriculture is to create angrdaéed, human and environmentally friendly,
economically well — balanced agricultural systerhjol rests on renewable raw materials of
a local origin. Organic agriculture protects thédticated plants from pests and illnesses, and
provides agricultural animals with high quality fe®y developing of organic agriculture it is
possible to reduce the negative influence of ayjtical technology on environment and to
improve the quality of obtained products, becabseuse of pesticides, organic compounds,
exciters for growing, veterinary drugs and antiic®tare restricted in organic agriculture.
During the decrease of public trust to geneticailydified products, as well as due to animal
diseases, the demands for organic food and theesgitan them increase.

During the last years, the demand for organic fand the number of consumers, who assign
more attention for high quality food and would like know how it is produced, are
significantly increasing. Organic agriculture isachcterized by clear basic principles and the
transparency of product origin, production and pesing. There are all the necessary
conditions in Latvia for production of qualitatifiwestock products for the internal market
and as well as for export: land suitable for adtize, multi-breed animal herds and
ecological situation.

Scientists from different countries have very cadictory opinions about the chemical
composition of organic milk. The complex evaluatiohchemical composition of organic
milk and the comparison it with conventional millashnot been performed in Latvia.
According to the data in literature, when changing agricultural system, animal keeping
conditions and feed composition, the content ofgfauct are influenced to a great extent.
Therefore the aim of the present study was to tiy&te the chemical composition of Latvian
organic milk.

Materials and Methods

The organic milk, conventional milk and milk obtachduring transitional period (in further —
the transitional period milk) were obtained frone tharms "Lejasrembeni”, "Jaunbiteni”,
.Kalna Gaurini”, “Alejas”, ,Cemuri”, which are lodad in Keipenes rural district, Ogres

10
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region. Individual milk samples were taken from &igesis, Jelgava and Bauska region’s
farmers.

Milk samples from different breeds of cows wereduser the research: 61% dfatvian
Brown, 2% ofHolsteins Blackand 37% crosses bhtvian BrownandHolsteins BlackThere
are sufficient researches about the influence o¥'sdreed on the milk composition and
quality; therefore the factor of breed was not tak&o consideration in this research. The
milk was obtained from healthy similar age cowse Htheme of taking milk samples was
elected in way to eliminate a possibility to analyg®lostrums, milk obtained during the late
lactation, and milk obtained from mastitis cows.

A total 55 samples of raw organic milk, 20 of raansitional period from conventional to
organic agriculture, 20 of raw conventional milkrgdes were analysed.

The content of protein, fat, lactose, calcium, i@ riboflavin and urea were detected
according to the standard methods (see Table 1).

Table 1
The standards of analysis

Indicators

Standard

The content of lactose

LVS ISO 5765-1:2003

The content of protein

LVS EN ISO 896-5:200:

The content of fat

LVS EN I1SO 8968-5:2002

The content of urea

LVS ISO 2446:1976

The content of calciun

LVS EN ISO 896—-4:200:

The content of thiamin

ISO 12081:1998

The content of riboflavin

AOAC 986.2

To evaluate the significant difference, the paramsetvere randomly arranged; parameters
were detected for three duplications, the meanevafyparameters was calculated. The mean
content of protein, fat and lactose in milk wascao@ted and compared to the data from
Latvia's State Agency “Agricultural data centre’hd concentration of calcium, thiamin and
riboflavin compared to conventional milk samples &me data from literature.

The data was processed using the SPSS softwarage&PSS 11.0. and MS EXCEL.

Results and Discussion
The content of lactose, protein and fat in orgamik and conventional milk is given in Table 2.

Table 2

The content of lactose, protein and fat in organiand conventional milk

Organic milk Mean value of
Parameter Mean valuetstandard error, % - Value, % conventional milk, %
Min Max
Protein 3.30+0.04 2.24 4.99 3.34
Fat 4.98+0.08 3.50 7.69 4.42
Lactose 4.85+0.04 4,19 5.88 4.67

The mean content of protein in organic milk was03(B04%, which is not significantly
different from conventional milk (p>0.05). The raseh results relate with many authors
conclusions (Haggar, 1996; Bystrom, 2002; Mogens2@02; Toledo—Alonzo, 2003;
Ellis, 2009, that the content of protein in organic and conwaral milk samples had not
significant difference. The research results calittawith Olivo (2005) statement that the
content of protein is higher in conventional milkngples. The reason for lower content of
protein can be lack of sugar-rich juicy feed, whstimulates production of butyric acid used
for protein synthesis.

11
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The mean content of fat was 4.98+0.08%; which gsificantly higher than in conventional
milk samples. The research results contradict wimy authors (Mogensen, 2002, Toledo—
Alonzo, 2003; Olivo, 2005) statement that fat cahis higher in conventional milk.

The higher content of fat in organic milk could éeplained with the differences in keeping
and feeding conditions: high quality feed, welldraled and rich in cellulose, not chopped, in
sufficient amount was available in organic farnmmsys were always milked.

The mean content of lactose in organic milk samplas 4.85+0.04%, it significantly differs
(p<0.05) from those of conventional milk. The résubf research relate to Olivo (2005)
statement that the content of lactose in organik imisignificantly higher. The higher content
of lactose in organic milk can be explained by Higher concentrations of sugar in feed
grasses of organic farms.

The content of urea in organic milk samples is sihowfigure 1. The urea content in organic
milk samples ranged between 64.90 and 252.56 rify Kge mean content of urea in the
analyzed organic milk was 167.43+9.64 mg'kahich fitted in the common limits set for
milk — from 150 to 300 mg Kg In 32% of organic milk samples the content of unees
lower than the minimum limit — 150 mg kg

300 e e S S S S ——

DS ofrmcemscmsemssnn s s nms s e s Bl e g e s s e e e

150 -

- - .

mg kg

1234567 8910111213141516171812202122232425
The samples numbers

— The lowest permissible limit for urea’s content
_ The highest permissible limit for urea’s content

Figure 1. The content of urea in organic milk

The research results relate with Toledo—Alonzo 806sults, where the author determines a
significant difference in the content of urea inkrfrom different agricultural systems. The
difference between the urea content in organic eodventional milk samples can be
explained by stricter rules regarding to the amaidr@oncentrate allowed in organic farms in
comparison with the conventional farms.

The lower content of urea in organic milk samplesld be explained by the influence of
seasonal changes in milk. The lowest content af,lmecording to Godden’s (2001) published
data, is from April to June.

The content of calcium in milk samples is shownTiable 3. The content of calcium in
organic milk samples ranged between 20 and 25 niifpdhe mean content of calcium was
21.90+0.22 mmolt. However, a statistically significant differencethe content of calcium
between the organic and the conventional milk semplas not found — 20.80+0.32 mmidl |
The mean content of calcium in milk samples fronffedent agricultural systems was
significantly lower if compared with the data froiterature (p<0.05)-30 mmol*l Gorbatova
(1997) mentions that the content of calcium in nulitained in summer period, is lower in
comparison with milk samples obtained in wintercatuld explain the decreased calcium
content in milk samples taken in summer and automanths.
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Table 3
The content of calcium in cows milk from differentagricultural systems

Number The content of calcium, mmol
Agricultural system of

samples | Mean standard error | Min Max Nevilleet al.,, 1994
Conventional 20 20.80+0.32 14.00  23.00
agriculture
Transitional - period |, 20.80+0.23 16.00  24.00 30.00
agriculture
Organic agriculture 20 21.90+0.22 20.00 25.00

The cows kept in organic agriculture did not genenal additives, so boosting of their
immunity was connected only with facilitation oftaeal self-regulation processes. By means
of that it is possible to achieve the same resadtsn the conventional agriculture, where
animals are treated, without prophylaxis of angdse.

Within the framework of research the content ofathin and riboflavin in milk was
determined (see Figure 2).

3.0- 2.65
254 T

T
o 1B b
£

1.0
05| 041 ooy 040

Thiamin Riboflavin

[ Conventional milkm Organic milk B Data from literature

Figure 2. The content of thiamin and riboflavin incows milk from different agricultural systems

The content of thiamin ranged between 0.20 to @182, The content of thiamin in organic
milk samples was for 34.1% lower if compared witte tconventional milk and it was
significantly lower (p<0.05) in comparison with tttata from literature and conventional milk.

The content of riboflavin in organic milk rangearn 1.28 to 2.96 mg'l The mean content
of riboflavin in organic milk still was 1.70+0.10grl™ and it was for 35.8% lower than in
conventional milk, so a statistically significantiffedrence between the organic and
conventional milk samples (p<0.05) was found.

Many authors (Biesalski, 2002a; Biesalski, 2002iyehpointed that the content of thiamin
and riboflavin do not vary in different seasons ahdt the feed composition has no
significant influence on it. However there is stllpossibility that feed can influence the
content of thiamin and riboflavin in milk. While deasing the dosage of concentrate allowed
in organic farms, a lower concentration of thiamaimd riboflavin in milk was established.
Light contributes to decrease of the concentradioriboflavin in milk, therefore milking and
pretreatment organization in organic farms is ofghe most significant factors, which
impact the concentration of this vitamin.
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Conclusions
1. The concentration of separate nutrients in orgamik compared with conventional milk
is different.

2. Statistically significant differences (p<0.05) betm organic and conventional milk were
found in content of largest milk component: fat dactose.

3. The mean content of urea in organic milk was 169.@4ng kg'. In the 32% of organic
milk samples the urea content was lower in comparisith the literature data — 150.0
mg kg". It is explained with restrictions regarding t@ tamount of concentrate allowed,
lower milk yields in organic farms and influence gkason on milk chemical
composition.

4. The concentration of thiamin and riboflavin was 84.1% and 35.8% lower in
comparison with conventional milk. It is explaineih organisation of milking and milk
storage process in farms and also with the low eoimate allowed used for feeding cows
in organic herds.
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Abstract

Currently, increasing attention is given to enrieimnof people’s diet with dietary fibre. The aimtbé present
study was to improve the quality of fibre-enrichekleat bread by enzyme supplementation. The possiaef
enzyme preparations @fxylanase fromA.niger, o-amylase fromA.oryzaeand glucoamylase frorA.niger as
bread improvers were tested in bread containinfgrdifit amount (15-20 % of flour) of extruded whbedn.
Extruded bran was chosen for the positive nutritiaand safety effects of the extrusion processtugetd bran
supplementation of wheat flour, in general, hadnptmced effects on dough properties yielding highater
absorption and smaller extensibility in comparehvifiose obtained without bran. The bran alweystributed
to a decrease of the bread volume and crumb pgrasiti changed the texture properties. Exploitatdn
enzymes considerably improved bread quality andlopged shelf life. The tested multienzyme mix
(B-xylanasegp-amylase and glucoamylase) was more efficient thdividual f-xylanase in improving the bread
quality. Enzyme addition allowed increasing the antcof bran up to 20 % without negative effectsboead
acceptability.

Key words: wheat bread, extruded wheat bran, enzyme supplatemtdough properties, bread quality

Introduction

The importance of the dietary fibre is increasing do the beneficial effects on the reduction
of the cholesterol levels and the risk of colonaganAnderson, 1991; Tavast al, 2003).
Health authorities, world-wide, recommend a dea@dashe consumption of animal fats and
proteins and an increase of cereal intake whiclnsimportant source of dietary fibre.
Nevertheless, white bread is a commonly consumeque tgf bread. Therefore, the
development of enriched bread with a higher dietdome content should be the best way to
increase the fibre intake.

Bread can be enriched with dietary fibre, includbrgn, such as wheat (Sidbtial, 1999)
and rye (Laurikaineret al, 1998),p-glucans (Knuckle®t al, 1997), carob and pea fibres
(Wanget al, 2002). However the addition of fibres causesrbglected effect on the final
bread quality. Bran supplementation usually weakias structure and baking quality of
wheat dough and decreases bread volume and diasticihe crumb. The effect has been
attributed to the dilution of gluten, which woultfexct the gas—holding capacity of the dough
(Gomezet al, 2003; Roselet al, 2006; Wanget al, 2002). As the specific volume of bread
is one of the important characteristics determirangeptability, different bran pre-treatment
have been used to improve the volume of bread soppited with bran. For example,
washing the bran to remove harmful components,dgrgh the bran to obtain a smaller
particle size, using various heat treatments totivate enzymes, or prefermentation of bran
with yeast or with yeast and lactic acid bacteaaehbeen successfully used to improve the
quality of bread supplemented with bran (de Koek al, 1999; Salmenkallio-
Marttila et al, 2001). Also some of the negative effects of lwargluten development can be
compensated for by using of some additives suchlaen (Ganet al, 1989) or baking
enzymes (Laurikaineet al, 1998; Shalet al, 2006)

This study is dedicated to investigate the appboabf new sources of dietary fibre —
extruded wheat bran to enriched wheat bread withigher dietary fibre content. The
beneficial effects of extrusion cooking on foodetgfand stability are well established in
regard to inactivation of enzymes, some endogemoxis compounds, and destruction of
micro—organisms. The aim of the present work wasngarove the quality of bran-enriched
wheat bread by using carbohydrate degrading enzymes
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Materials and Methods

Commercial bakers’ wheat flour (12.6% moisture,492.protein, 28.5% wet gluten and
0.58% ash) was obtained from AB “Kauno grudai” filuania). Extruded wheat bran (50.3%
d.m. dietary fibre) produced using single-screwgdér was donated by a local flour mill
Ustukiu malunas Ltd. (Lithuania). The enzyme prafians such as Bakezyme HSP6000
(B-xylanase fromA.nigen, Bakezyme P500afamylase fromA.oryzag¢, and Bakezyme
AG800 (glucoamylase from\.nigen from DSM Food Specialties (The Netherlands) were
chosen for the tests.

Dough characteristicsThe effects of extruded bran and enzymes on dougblogy during
mixing were determined by Brabender FarinograplaifBnder OHG, Duisburg, Germany)
folowing the 1SO 5530-1 (1993). All determinationere made at least in duplicate, and the
average values were adopted.

Baking testA straight dough breadmaking process was perforiBadic dough formula on
100 g flour basis consisted of salt (1.7 g), corsped yeast (1.5 g), and the amount of water
required to reach a 500 FU of consistency. In #sted breads, the wheat flour was replaced
by 15 and 20% of extruded bran. The effects of smegyin breads with extruded bran were
studied by adding-xylanase (0.002 g 100 gof flour) or multienzyme mix (0.002 g of
B-xylanase , 0.0075 g of glucoamylase, and 0.00060g-amylase of 1007 of flour) to the
dough. Each recipe mix was baked twice and thrpicedes were in each case taken for
analyses.

Bread quality evaluationBread quality parameters included weigh, volumhetdrmined by
rapeseed displacement method [AACC Method 72-1®5])9 specific volume, crumb
porosity and texture. The crumb porosity was measwaccording to Lithuanian standard
method LST 1442 (1996). Texture profile analysi®A) was performed using an Instron
Universal Testing Machine Model 3343 (Instron Emginng Group, UK). Crumb slices of
1.3 cm were 40% compressed (compression rate 1 Mnarsd from the two bite force
distance compression curve the texture parametach @s hardness, cohesiveness,
springiness, gumminess and chewiness were deradefo and Collar, 1997).

Additionally acceptability test was carried outtlae sensory laboratory of Food Institute of
Kaunas University of Technology (Lithuania). A phoé 8 assessors was selected from the
staff of the Food Institute according to ISO 858¢3993). The overall acceptability of each
sample was rated on a 150 mm hedonic line scalerer means extreme dissatisfaction and
150 — extreme satisfaction.

Statistical analysisData obtained were analysed using statistical gl SS for Windows
(SPSS Ver.15.0, SPSS Inc., Il., USA, 2006). Sigaiice of differences between control and
treated samples was evaluated using Duncan’s rieufpge tests at a 5% level.

Results and Discussion

Influence of extruded bran and enzymes on douglpepties. Extruded wheat bran
suplementation (15-20 %) of wheat flour had promedn effects on dough mixing
behaviours measured by the farinograph (Table ibyeFaddition mainly modified the water
absorption. The 20% extruded bran increased thervaisorption from 59.1 to 71.9 and
decreased the dough softening from 88 to 59 FUil&iraffects on water absorption were
observed when adding natural wheat bran or rye traaorikainenet al, 1998). Extruded
bran addition did not modify the dough developm@me and stability, in opposition to the
results reported by Laurikainest al. (1998), who found a decrease of the stability when
adding rye bran. The addition pfxylanase decreased the water absorption of wdeagh
with bran by 3%, approximately. The effect pixylanase on the other Farinograph
characteristics was insignificant. Multienzyme ntiad smaller effect on the degree of
softening than that of the sindglexylanase used.
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Table 1
Effect of extruded bran and enzymes on wheat dougimixing properties
Water Dough Dough Degree of
Bread samples absorption development stability softening
(%) time (min) (min) (FU)

Without bran 59.1+0.1 2.2+0.2 2.3+0.1 8816.1
With 15 % bran 70.1+0.! 2.4+0.° 1.840.: 58+4.:
+ xylanase 67.2+0.: 2.0+0.5 2.0+0.] 5745.2
With 20 % bran 71.9+0.3 2.5+0.4 1.9+0.4 59+3.1
+ xylanase 69.1+0.3 2.2+0.5 2.2+0.5 56+6.7
+ multienzyme mix 68.8+0.4 2.2+0.2 2.2+0.1 72+3.4

Influence of extruded bran and enzymes on breaditqudhe effect of extruded bran
supplementation on the bread quality charactesisicsummarized in Fig. 1 and Fig. 2. The
specific volume and crumb porosity always decreasedonsequence of bran addition, which
has been also reported by other authors (Knuakles, 1997; Laurikaineret al, 1998). The
effect was more evident when levels of bran wemeased from 15% to 20%. The 20%
extruded bran reduced bread specific volume andnlerporosity by 31.4% and 7.2%,
respectively, in compare with the control bread(Ri). Carbohydrate degrading enzymes can
be added to obtain larger bread volume and crumbspiy. The effect of multienzyme mix
containing B-xylanase, glucoamylase ardamylase was more notable than the effect of
B-xylanase alone. In this case the specific volafigread with 20% extruded bran increased
by 44.4%, and crumb porosity by 6.8% in compaith bread without enzymes.

40- @ Specific volume Crumb porosity _ gg
E 2.0 % % + 70 %
E 1.0 % % - 65 %
ol s
0.0 é é r 60
0 X G, A
control 15 % EB 20 % EB

Figure 1. Effect of extruded bran (EB) and enzgme@( —B-xylanase, X, G, A —
multienzyme mix, 0 — without enzymes) on bread quey parameters

Bread with extruded bran additions had significahtirder; less springy and cohesive crumb
texture than the control bread (Fig. 2). The 20%usbed bran increased the crumb hardness
by 2.3 times and decreased the springiness andigehess by 45% and 57%, respectively,
in compare with the control bread The changes imerottexture parameters were not
significantly different between the tested breddse addition of enzymes modified texture
parameters of wheat bread supplemented with briae.bfead made witp-xylanase as well

as with multienzyme mix was rated less hard, butentwhesive than bread made without
enzymes.
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Figure 2. Effect of extruded bran EEB) and enzymeéX — B—xylanase, X,G,A —
multienzyme mix, 0 — without enzymes) on bread cruimtexture

Influence of extruded bran and enzymes on breadathvacceptability. Significant
differences in acceptability were obtained withr@asing the level of bran, which reduced the
overall acceptability by 38% (Fig. 3). In generpgnellists preferred bread without bran
addition. Nevertheless, enzymes increased significa the acceptability of bran
supplemented bread. Panellists preferred bread exittuded bran and enzyme addition in
compare with the control bread. Bread supplemented with 2@%ruded bran and
multienzyme mix obtained the highest score for ptatslity.
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Figure 3. Effect of extruded bran (EB) and enzyme¢X — xylanase, X,G,A —
multienzyme mix, 0 — without enzymes) on bréad ovall acceptability

Conclusions

1. Extruded wheat bran supplementation (15-20%) ofatvfieur had pronounced effects
on dough properties yielding higher water absorpiio compare with regular wheat
flour dough.

2. The extruded bran decreased the wheat bread vamesherumb porosity and changed
texture properties increasing the crumb hardnessdetreasing the springiness and
cohesiveness. The observed differences were madergwvhen levels of bran were
increased from 15% to 20%.

3. Carbohydrate degrading enzymes can be added toowmpquality of bread
supplemented with bran. Multienzyme mixfekylanase p—amylase and glucoamylase
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showed better bread quality improving eftetttanf-xylanase alone. Enzyme addition
allowed increasing the amount of extruded brar2e without negative effect on the
bread acceptability.
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Abstract

Quality of production is of great importance in bggtion of new technologies in catering enterpigeoodstuff
changes during preparation of food products takeel The perspective storage method for food ikggcg in
vacuum or modified gas atmosphere. Modified atmespipackaging is the method to prolong storage hgne
days or even weeks, preserving high quality, odbiaste and texture appearance of the foodstudfjmproving
overall cost-effectiveness. Packaged products hasen stored in a chilled room in light at different
temperatures. Qualitative changes of vegetablesnglustorage have been investigated with instruntenta
methods. Regimes of storage time are determinkihgtanto account their influence on the structoreehanical
properties of the product. Elements of HACCP systeenused.

Key words: vegetables, packaging, modified atmosphere, haitfied products.

Introduction

Quality of fresh vegetables is influenced by seMators:

1. internal factors (chemical content of food produatgive acidity pH of the medium, water
activity a,, contamination level of raw material with micraganisms);

2. external factors (pre-treatment and processingntdolyies, storage temperature, type and
material of packaging, atmosphere in the packagefoka, 1995).

The most significant factor, characterising whend avhat food products consumer buys, is

the safety and quality of the product which is jpded by adequate packaging.

To comply with the current market demands, packagas to provide: harmlessness, quality

permanence of the food product, prolonged storame, tprotection against mechanical and

other external damages, protection against subatelicontamination, information availability

about the packaged product and, the most imporitihias to arouse consumer’s interest.

Packaging by use of modified atmosphere medium — PMAr vacuum is

considered as potential methods in storage of fpemtiucts without using preservatives

(Hotchkiiss, 1999).

Therefore in order to determine the optimum typpadkaging for salad mixes, the following

objective is proposed: to investigate quality clemngf fresh vegetable salad mixes during

storage in packages with protective gasses — neadifnedium by applying HACCP

principles.

Materials and Methods

Four different types of vegetable salad mixes fithv farm “Ezerkaulini” are used in the
research:

* red cabbage salad mix;

» kale salad mix;

e |ettuce salad mix;

» cauliflower-celery salad mix.

Fresh vegetable salad mixes are used with the airastimate their quality and storage
possibilities in the commercial network where tretarage temperature changes fronfG 2o

+6 °C, with the shelf-life of 7 days. Mixes are packada polypropylene box 190x140x50
mm, surrounded by a polypropylene bag of the s&@290 mm, thickness 38 micrometers,
applying gas mix: ©10%:CQ 10%:N; 80%. Polypropylene packaging is mechanically more
durable and safeguards the packaged product agaettanical deformation, as well as its
thermo stability from -30 °C to +140...+160 °C inssi warming up of ready-made packed
foodstuff for nutrition without removing it from éhpackage. Net weight of the package is
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30040.5 g. All salad mixes are stored for 11 days at tifferent temperatures +2+1 °C and

+6x1 °C, experiments carried out in three repetgio

The following items are determined during storage:

1. Mass changes by using electronic scCAECULAB IV-600

2. Changes in active acidity pH level of the mediumusyng INOLAB SELECTA pH 720
pH-meter

3. Determination of breathing intensity influence twe tomposition of protective gasses in
the package during storage by using the analyzefBIBY ®V 0,/CO;;

4. Colour changes by using the ,ColorTecPCM/PSM" em@pt in colour system
CIE L*a*b*;

5. Content of ascorbic acid (vitamin C) in salads (6@g") is determined by iodine method
(T-138-15-01:2002);

6. The total number of micro-organisms is determinecbeding toLVS ISO 4833:200@/ith
the method of dilution and sowings on Petri dishes.

Research is carried out at the research laboratofidVicrobiology and Packaging material

gualities at the Faculty of Food Technology, Latvigiversity of Agriculture.

Results and Discussion

Evaluating the technological process of making cdsad@cording to the requirements of

HACCP system principles, as the possible stagesniargence of potential risk reasons turn
out to be pre-treatment of vegetables, their stotagfore and after packaging and the very
procedure of packaging. In all these stages ofri@olgical process the most important is the
microbiological risk reason, but in the processedetable pre-treatment also the physical risk
reason.

In order to prevent emergence of potential risksoea, principles of good hygiene practice

and principles of good production practice havééostrictly observed. Therefore attention

was paid to the quality of drinking water usedhe pre-treatment process, air pollution in the
cooling chamber of the product, harmlessness op#ukaging material and the very process
of packaging.

As the storage process of packaged vegetableseisobrthe most important, changes of

physical and microbiological quality indices ardetmined just in this stage of technological

process.

100.20

%

~ 100.00

U) .
8 —*—Red cabbage salad mix
-, 99.80 1 H
% - Kale salad mix
= 9960 —a— Lettuce salad mix

99.40 —»— Cauliflower —

celery salad mix

99.2(

99.00 T T T T T T T T -
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Figure 1. Changes of mass in salads during storagé the temperature 2+1 °C

Water vapour migration through the chosen packagiatgrial is insignificant; during storage
it provides slight mass loss. The packaged masesiladoes not change till the third day of
storage, mass loss ranges between 0.01-0.03% ipacmon with the initial gross weight of

the package.

The active acidity pH of vegetable cell sap esadptiaffects micro-organisms cell

metabolism because bio-catalytic agents — enzymegetabolism have pH interval of certain
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activity. In sour medium, characteristic to the ganeed salad mixes, cell sap prevents
development of proteolytic bacteria, but faciliatevelopment of yeast and mould.
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Figure 2. Changes in pH level during storage at theemperature 2+1 °C

Changes in active acidity pH indicate the developnoé micro-organisms and activity in the
package during storage (Baumgart, 1993).
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Figure 3. Changes in total number of micro-organism in Lettuce salad during storage

By carrying out research it was ascertained thedtae spore formers — bacteria B&cillus
family, were dominating. (These bacteria split migacompounds. The presence Ef coli
form bacteria was not found in any of the prepaadd samples. The total number of bacteria
starts to increase much faster after 24 hour leogge and during storage increases twice.
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Figure 4. Changes in colour of ,Lettuce salad mix'during storage
at the temperature +2+1 °C
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By estimating changes in colour of fresh salad mith three-stimulus colorimeter, three
guantitiesL, a andb are obtained. The quantitydenotes colour intensitg, — amount of red
and green colourhb — amount of yellow and blue colour. Colour changegackage are
estimated at two different temperatures. By conmgaimfluence of temperature on stability of
colour, it is observed that in higher temperatiggue colouring is faster, because during more
intensive breathing process water vapour form&fdatilitating this process.

While storing lettuce salad mix at the temperatt2e1l °C it is observed that quantityof
colour intensity has changed from 62 to 49 at tiee @& the storage. During the first four days
changes taking place are the fastest. Quaatdjso changes from -14 to +2 and quaniity
decreases from 40 to 30 at the end of storage l&Bingisults are obtained by storage of salad
mix at the temperature +6+1 °C. Decrease of colmiensity could be explained by
degradation of chlorophyll, which is facilitated dgcrease of medium active acidity pH level
(Zarins, 2002).
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Figure 5. Changes of modified medium in the package
during storage of Lettuce salad mix at +2+1 °C

Packaging is suitable for storage of Lettuce satdaxl because composition of protective
gasses changes slightly — carbon dioxide from 109186 and oxygen from 10% to 6.2%.
Oxygen concentration is sufficient to prevent aob&r metabolism processes. The natural
aroma of the product is well maintained during ager.

Discussion

Environmental temperature has an essential impactunber of products bacteria packed in
modified medium because by increasing the temperasiolubility of carbon dioxide
decreases in the liquid stage of products wherewittoes not have so strong abilities to
suppress micro-organisms.

Quality of products in modified atmosphere packggiis significantly influenced by
temperature. The preferable storage temperatumethie range between 0+1 °C and +4€1
The natural freshness of vegetables and storagedpare influenced by characteristic
properties of the product as well as external factdhus the external factors influencing
guality are the following: temperature; sanitaryd amygienic conditions; gas atmosphere;
production methods. The factors mentioned haveiarsognificance during the production
and storage of the product.

Conclusions

1. The packaging used provides minimal mass losses.

2. Numerical quantity of pH decreases during storafjatvascertains the fact that splitting of
carbohydrates takes place and organic acids areetbr

3. The packaging material used for lettuce salad msuitable for storing salad up to 3 days
because during storage changes in content of pinstegasses £are minimal, as well as
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changes in total sum of micro-organisms taking eladter 72 h storage period are
admissible: from 10-6.2% and G@rom 10-21.6%.

The total number of bacteria increases for 2.2ginmhen salads are stored for 72 hours at
the temperature 2 °C, but for 3.2 times if store@ &C.

When determining colour changes it is ascertaihetl ¢olour intensity changes the most
in Red cabbage and Cauliflower-celery salad mikes, minimal changes take place in
Kale and Lettuce salad mixes.
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Abstract

The present work studies the effect of seleniun) (Beamino acids content in barley after soakingirgr in
solutions with different sodium selenate conceitrst

Barley Hordeum vulgard..) grains were soaked in sodium selenate solstwith selenium concentration 1, 5,
10, 25, 50, 100 and 200 mg for 5 days. Grains soaked in dionised water weesl s control. Content of
amino acids after germination was determined byofuattic Amino acid Analizator (AAA) T339 (Microtechn
Praha).

Comparing content of separate amino acids aftekisgagrains in control solution and solutions wifle
additives, we obtained that influence of Se dep@mdapplied Se concentration. The highest incrgagiamino
acids content we observed regarding Valine — atodBeentration 50 mg‘land Methionine — at Se concentration
5 mg [*. Se concentration 100 mg bives increasing of 7 amino acids (Threonine, rigeriGlutamic acid,
Glycine, Alanine, Leucine, Lysine). The highest ligmp Se concentration 200 mg promotes increasing of
content of Tyrosine and Phenilalanine.

Selenium additives promote increasing of contertllahvestigated amino acids, excepted Isoleucine.

We can conclude that selenium influences the fognoinamino acids in barley grains during germimatmd it
depends on Se concentration in solution.

Key words: selenium, barley, amino acids, germination

Introduction

The barley KHordeum vulgare ). grain, like other cereals, contains different cleahi
compounds—carbohydrates (78-83 g 18ppyoteins (8-15 g 100, lipids (2—-3 g 100 Q),
minerals (2-3 g 1009, and small quantities of B-group vitamins, indhglthiamine (B),
riboflavin (By), nicotinic acid, and pyridoxine @B as well as panthothenic acid, biotion, folic
acid, and vitamin E (5-6 g 100"g(MacGregor, Fincler, 1993). These componentsigeov
valuable nutrients required by humans and also domanimals.

Barley is known for its high content of dietarydit which has been shown to lower plasma
cholesterol, reduce glycemic index, and reduce oifskolon cancer (Andersoet al., 1990;
Jadhawet al, 1998, Slaviret al,, 2000).

Barley contains all the known tocols (tocopferotsl @ocotrienols) (Peterson, 1994). The
concentration ofi-D-tocotrienol, known as an inhibitor of cholestesynthesis in liver of
experimental animals, is higher in barley thantimeo grains. A second cholesterol inhibitor,
a-linoleic acid, has also been found among the padéty acids. The recently recognized
involvement of antioxidant compounds in preventihg formation of carcinogens from
precursor compounds has directed attention to $acley compounds as phenolic acids,
phytin, vitamin E, proanthocyanidins, and catecliiavinet al, 2000).

Barley is also a good source of B-group vitaminspeeially thiamine, pyridoxine,
pantothenic acid, as well as biotin and folacin.ogfihorus, potassium, and calcium
predominate among the barley mineral componentsy@opedia of grain science, 2004).
Cereal grains provided 45% of our total proteiraket Genotype, environment, and growing
conditions affect the amount of protein in kerr&rotein quality is mostly dictated by amino
acid content and digestibility. The apparent protdigestibilities in cereals range from
80-90% (Encyclopedia of grain science, 2004).

The distribution of various chemical constituerdsnbt uniform throughout the component
tissues of barley grains. The husk and pericag,two outermost and protective tissues of
barley grain, consist primarily of cellulose, hesaiiglose, lignin and lignans. The embryo is
rich in protein (34 g 1007}, lipids (14-17 g 100y, ash (5-10 g 100, sugars (sucrose
15 g 100 &) (Encyclopedia of grain science, 2004).

For all cereals, the most limiting amino acid isihe. The next most limiting amino acids are
tryptophan and threonine.
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Amino acids are used both metabolically, as bugdlocks for protein biosynthesis, and
catabolically, as energy sources. Catabolism forstmamino acids proceeds through
transamination pathways; the exceptions are lysamel threonine. Specific enzymes
catabolize these nutritionally limiting amino acidereonine dehydratase acts on threonine
and lysine ketoglutarate reductase on lysine (Sheatral 1994, Encyclopedia of Grain
Science, 2004).

Although selenium (Se) is not an essential elerfanplants, it is an essential micronutrient
for both humans and animals. More then 20 diffesaténoproteins have been characterized,
including glutathione peroxidases and thioredoxgductase, which are involved in
controlling tissue concentrations of highly reaetwxygen-containing metabolites (Forduce,
2005). The consumption of food provides the priatimute of Se intake for the general
population.

Average Se concentration in cereals amounts 0.G&gh of grain dry matter, ranging from
0.006 to 0.122 mg Ky for barley 0.06 mg K§ for wheat 0.011 mg kgon the average
(Morris, Levander, 1970).

Low dietary ingestion of Se has been assumed tdribate to an increased risk of
cardiovascular disease and cancer and to promteetimus viral diseases related to heart
disease and AIDS. It is known that human body ghadntain 5-20 mg of Se (Combs,
2001). The Latvian reference nutrient intake foiisS@0pg day* (Ministry of Welfare, 2001).

In the present work, the process of sprouting v&esiuo enrich selenium in barley Sprouting
additionally improves the nutritional value of seefbr example, by a higher vitamin content,
a better quality of protein, and some other paramsefLintschinger et al., 2000). Sprouting
grains causes increased activities of hydrolytyares, improvements in the contents of total
proteins, fat, certain essential amino acids, tet@jars, B-group vitamins, and a decrease in
dry matter, starch and anti—nutrients. The incréasstents of protein, fat, fibre and total ash
are only apparent and attributable to the disamearof starch.

However, improvements in amino acid compositiongrBup vitamins, sugars, protein and
starch digestibilities, and decrease in phytatespaatease inhibitors are the metabolic effects
of the sprouting process.

The present study investigates the influence @rsein additives on changes of amino acids
content during barley grains germination using sohs with different selenium
concentrations.

Materials and Methods

The research was performed at the LaboratorieeoDepartment of Chemistry at the Latvia
University of Agriculture and at the Laboratory Biochemistry and Physiology of Animals
at the Institute of Biology of University of Latvia

The barley grains were germinated for 5 days. Grél®0 g) were soaked in 500 ml of
solutions containing 1, 5, 10, 25, 50, 100 and g@PI* of selenium in form of selenate at
ambient temperature of 18+2 °C for 6 h. The sofutias then drained off and samples were
germinated for 5 days under natural light condiiat 18+2 °C. Every 24 h the grains were
moistened with corresponding solution and carefudlyaken. Control sample without
selenium additives was prepared for comparisorbtdined results.

After germinating all grains, which were soakedsglenium-containing solutions, 3 times
were washed with 500 ml deionized water to prewemtamination of the surface of grains
with the solution containing selenium. After thtkite grains were put into plastic packs and
stored at —18 °C in a freezer for 24 h, then dégrhgdried and ground.

The content of amino acids was determined using 8O®fficial Method 985.28 with
Automatic Amino Acid Analyzator T339 (MicrotechnaaRa).

The germination was performed in duplicate andysmsilwas carried out in triplicate. The
data given here are the mean values of the measatem
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Results and Discussion

Sprouts are rich in digestible energy, bioavailabitamins, minerals, amino acids, proteins,
beneficial enzymes and phytochemicals, as thesewegessary for a germinating plant to
grow. These nutrients are essential for human thealt

Nutritive value of proteins is determined by amimcid content, especially the quantity of
essential amino acids. Laboratory studies have stidhat selenium additives have influence
regarding the content of essential amino acids.

The data of changes of essential amino acids comtdrarley grains after germination using
solutions with different selenium concentrationshewn in Figurel and 2.

0,9 -
0,8 - T
0,7 - ££T s

0,6 - ;
0,5 -
0,4 -
0,3 1

0,2 -
0,1+
0

Thr

Content of amino acids, g 1069
P EF R F R EEE s

IR EEEEEEEEEEEE ;|

R
PR |

. B
Val Met

OControl@1mg F1M5mg k18 10 mg -1

lle Leu Tyr Phe Lys

Figure 1. Content of essential amino acids at Semeentrations 1, 5 and 10 mg'
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Figure 2. Content of essential amino acids at Sermzentrations 25, 50, 100 and 200 m'gll

Analysing obtained results we can see that seleradditives promote changes of amino
acids content in barley grains, and it depends enc@ncentration. For, example, Se
concentration 5 mg™l promotes the highest increasing of Methionine jMmintent. Se
concentration 50 mg'l promotes increasing of Valine (Val), but concetiora 100 mg 1
promotes increasing of Threonine (Thr), LeucineujLand Lysine (Lys) contents in barley
grains. As mentioned above, the most limiting amawds for cereals are lysine and
threonine. After 5 days germination using solutivith selenium concentration 100 mit is
possible to increase the content of these amirdsafor 16.2% (Lys) and for 22.7% (Thr).
The highest applied Se concentration 200 thgrbmotes increasing of Phenilalanine (Phe)
and Tyrosine (Tyr) contents. Different concentnagsiaf Se promote changes of all essential
amino acids content except Isoleucine (lle).
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Figure 3 and Figure 4 show the changes of non—akamino acids content in barley grains
after germination using solutions with differentesgéum concentrations.

i
im |

Content of amino acids, g 10019
o = N w
o Ok 01N 01w o1 b

EEEEEEEEEEEEEEEEEENE A

)
: NIE\] : N E\] N B 25 11 55 [§ E:]

Glu Pro Gly Ala His Arg

g‘“ S
Asp Ser

0O ControlE 1mg k1O 5mg 1= 10 mg |-1

Figure 3. Content of non-essential amino acids aeSoncentrations 1, 5 and 10 mg'|
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Figure 4. Content of non—essential amino acids aeS
concentrations 25, 50, 100 and 200 m{ |

The obtained results are very similar regardingeetsasl amino acids. As we can see, all
applied Se concentrations promote increasing @stigated non—essential amino acids and it
depends on Se concentration. For example, the fotie dowest applied Se concentrations —
5 mg I* promotes increasing of Aspartic acid (Asp), buttBacentration 10 mg‘lpromotes
the highest increasing of Arginine (Arg). Se corication 100 mg 1 promotes the highest
increasing of 4 non—essential amino acids: Se&®s)( Glutamic acid (Glu), Glycine (Gly)
and Alanine (Ala). Only the highest applied Se @mmtion 200 mg1 didn't increased the
content of investigated amino acids.

Conclusions

1. It is possible to change the content of amino adidsbarley grains after 5 days
germination using Se containing solutions.

2. Se additives promote increasing of content ofralestigated amino acids except content
of Isoleucine.

3. Se influences the forming of amino acids in bartggins during germination and it
depends on Se concentration.
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Abstract

Since health benefits of lactic acid bacteria aifitldbacteria consumption have been recognizednskie
studies on specific health effects and technologpeets have been reported. Fructans are generalyeg
prebiotics and potent supplements for synbioticdijonevertheless the interaction of innovative jotéh
substances, starter cultures and involved probsitains, as well as food matrices should be etedutor each
one combination under consideration. A technologypfroduction of fructan-containing Jerusalem Artike
(Helianthus tuberosg<Concentrate (JAC) has been developed. The predomé of fructooligosaccharides (DP
3-8) as well as various macro- and micronutrientshie composition of JAC makes them different fram
number of commercial fructan sources and providexgrebiotic properties, being generally suggektethis
range of fructans. Supplementation of milk and bgtrolysate medium with JAC and subsequent feratimt
with different probiotic dairy starters resultedsnbstantial stimulation of bacterial growth (pmids B. lactis
andL. acidophilusas well ad.. bulgaricu3 and acidification rate. The strain-specific resges of two general
yogurt cultured_. bulgaricusandS. thermophilusas well as probiotic strains by addition of JAC @dohave
been considered during design of prebiotic stadesconditions of fermentations process. JAC ggested to
be perspective prebiotic fructan-containing additfor fermented synbiotic milks or oat-hydrolysdtased
products.

Key words: prebiotic, probiotic, fermented, milk, fructan

Introduction

The tenet "Let food be thy medicine and medicinettyefood,” espoused by Hippocrates
nearly 2.500 years ago, is receiving renewed istern particular, there has been an
explosion of consumer interest in the health enimgnaole of specific foods or
physiologically-active food components, so-calleshdtional foods. Clearly, all foods are
functional, as they provide taste, aroma, or riu&ritvalue. Within the last two decades,
however, the term functional as it applies to fbed adopted a different connotation - that of
providing an additional physiological benefit begotihat of meeting basic nutritional needs
(Hasler, 1998).

As scientific and technological advances develaohvinfield of health and nutrition, more and
more focus has been directed toward the emergild bHf functional foods. Biologically
active components in functional foods may impauwltiebenefits or desirable physiological
effects. Functional attributes of many traditiof@ds are being discovered, while new food
products are being developed with beneficial cormeptst Consumer interest in the
relationship between diet and health has increésedlemand for information and research
about functional foods. Rapid advances in scienu@ t@chnology, increasing healthcare
costs, changes in food laws affecting label andiypecbclaims, an aging population, and rising
interest in attaining wellness through diet are agnite factors supporting worldwide interest
in functional foods. Credible scientific researchdicates there are many clinically
demonstrated and potential health benefits frond foomponents. A large body of credible
scientific research is needed to confirm the bémefi any particular food or component. For
functional foods to deliver their potential publiealth benefits, consumers must have a clear
understanding of and a strong confidence in thensific criteria that are used to document
health statements and claims. The scientific comityulcontinues to increase its
understanding of the potential for functional foeatsl their role in health (IFIC, 2006).
Products obtained by lactic acid fermentation psses therefore are of special importance
for functional foods since the synbiotic (probio&icprebiotic) properties could be obtained
by an adequate combination of lactic acid bacteAB or bifidobacteria (Schrezenmest al.,
2001), besides with prebiotic substances such ig®-oand polysaccharides of plant and
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microbial origin (Semjonovet al., 2007a;b). The use of any prebiotic substance fer th
enrichment of fermented products provides its @elivinto human gastrointestinal tract (GIT)
and, hence, a stimulation of beneficial probiotcteria regardless of their origin (native GIT
inhabitants or delivered by functional productsheToverall prophylactic and therapeutic
gualities of fermented functional foods substahtidepend on the content of viable probiotic
cells. Therefore it is necessary to achieve a hogi count for probiotic bacteria
(e.g.Bifidobacterium lactiy at the stage of lactic acid fermentation of pidoy an addition
of potent prebiotic substances (Semjonoes al., 2004; 2007a;b;2008). Fructose
polymers and oligomers (Flamrat al., 2001) as well as exopolysaccharides of LAB
(Semjonov<et al.,2008) should be considered as most appropriatéieekiior this purpose.
However, bifidogenic properties of prebiotics, leinell manifested in GIT, remain not so
evident at the stage of fermentation of synbioticdpict with probiotics containing starters,
particularly against a high background of basidoarsource, e.g. milk lactose. Besides, it is
necessary to evaluate possible growth responsesasit starter cultures (for instance,
Lactobacillus delbrueckii  ssp. bulgaricusnd Streptococcus thermophilukr yogurt
production) to the prebiotic additives during fentaion process since varied relations
between them could substantially affect overall seeyn properties and technological
requirements.

The perennial vegetable plahtelianthus tuberosugJerusalem artichoke) which can be
successfully cultivated in Latvia is a promissingnt as regards functional food constituents,
as well as tubers and fresh tops can be used dsrfotihe tuber flesh of this plant is a rich
source for 3-2.1 fructooligo- and polysaccharideg.( inulin) (Beker®t al.,2007b) acting as
sweeteners that not affect blood sugar level aftgestion, as well as dietary fibre, blood
cholesterol lowering agent, efficient prebioticsimsilators of calcium absorption in the
digestive tract etc. (Flamet al, 2001).

The aim of this study is to assess the influencéeofisalem artichoke concentrate (JAC) and
other fructans sources on the growth of common tdaest cultures of probiotic starters in
milk and oat substrates and, thereby to evaluaestlitability of JAC for development of
fermented synbiotic foods.

Materials and Methods

Probiotic strainBifidobacterium lactiBb12 Lactobacillus acidophilusa5, as well as milk
culturesLactobacillus delbrueckii ssp. bulgaricus Lb12 @ulgaricus) and Streptococcus
thermophilusST (Chr. Hansen, Denmark) were used. Two perdeowernight culture grown
in the MRS-lactose medium (Semjonows, al., 2007a) was used as an inoculum for
fermentations of individual strains, as well as flafowing compositions of mixed probiotic
starters: (A).L. bulgaricus, S. thermophilus, B. lactis, L. agtldus (B): L. bulgaricus, S.
thermophilus, B. lactis(C): S. thermophilus. B. lactis. L. acidophilushhe equal cell
concentration for each constituent strain in startenpositions (A, B, C) was monitored by
ODsso measurements of individual cell suspensions). Eatations were performed in 250 ml
flasks containing 150 ml either milk- or oat- med@ 37 °C in the semianaerobic
environment (BD BB GasPak” Anaerobic System Envelopes, USA). Viable lacticdaci
bacteria and bifidobacteria were enumerated byotipéate-count method in accordance with
IDF 177A:1988. Titrable acidity (°T) was determinlegl alkaline titration (0.1 N NaOH) of
samples, using phenolphthalein as an indicator (1$0:1998). Skim milk medium was
prepared from reconsituted (75 §tap water) skim milk powder (Valmieras piens, lia}v
The thermal and enzymatic treatments of commeroit#d oats and the preparation of oat
medium were performed in accordance with LV 123dkerset al.,1999). Each experiment
was performed at least in triplicate and data aesgnted as averages, where Standard
deviations did not exceed 10% of the mean.
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Results and Discussion

A technology for production of Jerusalem artichokencentrate has been developed
(Bekerset al.,2007a;b). Jerusalem artichoke concentrate powdsdé® a short chain inulin
and fructooligosaccharides (up to 70% from theltcéabohydrates) contains other valuable
componentsproteins, plant lipids, as well as K, Mg, Zn, Crdaseveral other macro- and
microelementgMullin et al., 1994). The employed technology includes washingubgérs,
chipping, and dehydration, roasting and grindingotziain powder with 5-7% of water
content. The chemical composition of JAC obtaimedgécordance with originally developed
procedure(Bekerset al, 20073 is (% dry mass): solids, 94.6; total carbohydra&&7
(including fructans, 45.0; sucrose, 8.5; fructdsd, glucose, 0.8; others 4.9); proteins, 17.1;
lipids, 1.9; nucleic acids, 2.1. The taste propsrof JAC can be regulated by activating exo-
inulase, the enzyme found in tubers, as well agdgulating dehydratation and roasting
temperatures. The taste of JAC slightly remindstéste of rye bread or malt. JAC can be
used as additive to confectionary, bread, fermentiékks and other products. Fermented milk
or cereal hydrolysate products are excellent aarder development of probiotic bacteria
(Bekerset al.,1999; Semjonovst al.,2007b; 2008) and can be enhanced by fructans er oth
prebiotic substance§Semjonovset al., 2004; 2007a;b; 2008 The dried concentrate of
Jerusalem artichokeHglianthus tuberosystubers containing 45-50% (d. w.) of fructans
together with other biologically active macro- amicronutrients differed from commercial
fructan sources in respect to both chemical (Bekeral., 2007b) and prebiotic properties
(Table 1 and 2). The HPLC analysis of fructans friberusalem artichoke concentrate (JAC)
displayed a prevalence of fructan oligosacchar{@€3S) of varied degree of polymerization
(DP 3 — 8) as compared to the relative contributdrinulin (DP ~ 31), disaccharides and
monosaccharides.

Table 1
The influence of fructan supplements (2g 1004 on the growth of probiotics
Bifidobacterium lactis Bb12 andLactobacillus acidophilus La5, as well as general yogurt
cultures Lactobacillus bulgaricus Lb5 and Streptococcus thermophilus ST in milk, after
12 h fermentation

Fructan-containing supplements
Cultures Milk +Inulin® | +FOS | +Raftiline® | +Raftilose’ +JAC + Levan®
(Control)
Cell-count, cfu mrt

B. lactis 2.03»10" | 2.08»10’ 2.82x10° | 2.87x10" | 2.8x10" | 3.041C" | 3.12>10"
L. 5.27x10 | 6.26x10 6.98x10 | 8.19x10 | 6.42x10 8.72x10 | 6.24x10
acidophilus

L. bulgaricus | 6.20x16 nd 1.272x10 nd nd 1.31x10 nd
S. 9.37x16 nd 9.53x1H nd nd 9.68x1b nd
thermophilus

@ Inulin (inulin of analytical purity; Sigma- AldrighGermany);

b FOS (NutrafloraFO% fructooligosaccharides; Twinlab, USA);

9 Raftiline ST® ( food-grade inulin, Orafti, Belgium);

9 Raftilose L60/75 ( food-grade fructooligosaccharides, Orafti, Betn);

®  Levan - high molecular weight (2000 kD) -2,6 paligtan, produced b¥ymomonas mobilis

The observed fructan composition of JAC therefameficms the occurrence of possible shift
towards short-chain fructans caused by thermalnreat and/or action of endo-inulinases
during a processing of native Jerusalem artichakers which contain about 50% of inulin
(DP 11-30) (Semjonowst al.,2007hb).
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Table 2

The influence of JAC (2.0 %) on the development ditrable acidity during fermentation
of milk by various starters

Starter Time, h
composition Medium 3 | 6 | 9
P Titrable acidity, °T
A
B. lactis Milk (Control) 24.0 34.2 42.0
L. bulgaricus
S. thermophilus +JAC 36.6 68.0 85.0
B
B. lactis Milk (Control) 20.0 32.0 375
L. acidophilus
L. bulgaricus +JAC 34.4 71.3 100
S. thermophilus
C (ABT-type)
B. lactis Milk (Control) 224 32.0 42.0
L. acidophilus +JAC 33.4 80.0 101.0
S. thermophilus

The predominance of oligosaccharides (DP 3-8) enctimposition of JAC obviously makes
them different from a number of other commerciamponents and could provide good
prebiotic properties, being generally suggested fiois range of fructan oligomers
(Flammet al.2001).

Table 3
The total cell-count and titrable acidity in oat-medium after 8 h
fermentation by various starters

B
A B. lactis, C (AB.T ‘type)
B. lactis, . K B. lactis,
: L. Acidophilus, . :
L. bulgaricus, : L. acidophilus,
S. thermophilus L. Bulgaricus, S. thermophilus
' S. thermophilus '
cfu mg* oT cfu mg* oT cfu mg* oT
Oat medium |, 45,14 88 3.96x18 94 | 3.66x18 82
(Control)
+JAC, 2% | 7.31x10 99 4.74x16° 108 5.83x10 97

Supplementation of milk with JAC fermented by thdiféerent probiotic startersignificantly
increased the yield of bacterial biomass and acatibn rate. Besides, increased cell-counts
of probioticsB. lactisandL. acidophilus as well ad.. bulgaricuswere observed. A relatively
wide choice of universally known prebiotic fructaapplements were compared to JAC
during growth ofB. lactisand L. acidophilusin milk media. The effect of JAC substantially
(7-38%) exceeded those observed for commercial -foade fructan sources such as
Nutraflora FOS, Raftiline ST and Raftilose L60/75 in respect of.. acidophilus.Relative
growth responses d@. lactisalso indicated slight (5—-8%) but significant ackeayes of JAC

in comparison with other fructan additives. The vgio of S. thermophiluswas only
negligible (1.02-1.08 times) affected by additiddAC.
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Figure 1. An increase of titrable acidity upon thevarious concentration
of JAC in milk fermented by L. bulgaricus (A), L. acidophilus (e) and B. lactis (m),
after 12 h fermentation

The influence of JAC on the cell count of indivilialtures involved as constituents in
different starters during fermentation of milk atdwydrolysates (Table 2 and 3) showed the
prebiotic properties upoB. lactisandL. acidophilus The distinctions (Figure 1; Table 1) in
responses of two general yogurt cultutedulgaricusandS. thermophiluso the addition of
JAC, as well as another fructans (Table 1) couldobesignificance to design chemical,
rheological and organoleptic properties of yogurts.

Conclusions

The above results suggest the good propertiesdplication of JAC in the production of
synbiotic oat- or milk-based fermented foods. Thenparative evaluation of novel fructan-
containing functional additive from Jerusalem Anbke tubers showed very distinctive
responses of probiotic cultur& lactis and L. acidophilus as well as two general yogurt
culturesL. bulgaricusand S thermophiluson the addition of fructan source to the food
substrate under fermentation. An application of J®€C enhancement of fermented milks
obviously requires an employment of certain foodditnks (starch, pectin etc.) for
stabilisation of JAC particles and thus, an evatumabf possibly interacting stabilizer effects
in regard to employed strains, as well as an ovexatommodation of any particular
fermentation process.The functional qualities ofntsgtic fermented foods can be
substantially improved due to enhanced cell-codintiable probiotics caused by addition of
potent prebiotic substances (e.g. JAC or othertdrucsources) to food substrates under
fermentation. The prebiotic efficacy of JAC suppéts shown to be of exceeding or equal
worth as compared with other commercial fructanrsesl and, has been significantly
manifested in fermentations performed by both \ilial strains and starters.
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DEVELOPMENT AND ANALYSIS OF THE HAND ALCOHOL DISINF ECTANT
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Abstract

Food cannot be exposed to the danger of pollutioitsi circulation. Hand hygiene is one of the siaspland
most effective methods of preventing food poisortiggnicrobes. One of the most important parts afiérye
consideration is the hygiene of staff, includingnéhavashing and disinfestations. It is connectedh whie right
choice of disinfectant, actualizing the necessityise low risk biocides which are completely biadegble.
Low risk biocide can't contain active substance ahhis bioacumulative, hardly degradable or clasgifas
carcinogenic, mutagen and toxic to reproductivaesysor allergic. Low risk biocide is safe for eroriment
and non-toxic to peopldthanol is mentioned in the laws and legislatiohthe European Union as an active
substance in the low risks biocides. According todpean Union Biocide Directive (16.02.1998.) 9Bi8/
alcohol hand disinfectants belongs to the firstugrof biocide as biocide for peoples hygiene. Tikathy a
new formulation of a hand disinfectant on the ba$eethanol has been made where besides the active
substance, hand moisturizers and emollients ateded. They help to keep the hand skin healthyygmng
its irritation. Alcohol hand disinfectant is a deeolorless gel, pH can vary from 7.0 to 7.7, tlatent of
ethanol in mass is from 62% to 64%. It is importemensure the bactericide and fungicide influeatéhe
disinfectant. That is approved during researchpating toLVS EN 1040:2006 (11.04.2006) and LVS EN
1275:2006(11.04.2006), use test microorganisgtaphylococcus aureu®A\TCC 6538, Pseudomonas
aeruginosaATCC 15442 Salmonella typhimuriumATCC 14028,Candida albicansATCC 10231 Aspergillus
niger ATCC 16404. A technology of manufacturing is maalsecure the industrial produce of the disinfeictan
A technical documentation for this disinfectantmade during this research, which includes the médion
required for the user of this product. Documentatiocludes the safety data sheet for this prodwbich
informs about danger identification, specificatiorhich presents information about the product sipaedlities,
product describing parameters, its terms of trariafion and storage, its warranty period and tezdiniask
with information about the text on product label.

Key words: skin hygiene, hand disinfectant, microorganisms

Introduction

Skin hygiene, particularly of hands, is considetede one of the primary mechanisms to
reduce risk of transmission of infectious agent®bth the contact and fecal- oral routes.

But depending on the product used, washing cae the pH of the skin. Long-term changes
in skin pH can cause skin damage, increased skiddshg, since some of the antibacterial
characteristics of the skin are associated witmammally acidic pH (approximately 6.0).
With prolonged soap contact, skin pH can reach&®-and remain high for 3-4 h. Soaps
and detergents, particularly those that are anionicationic, are the most damaging of all
substances routinely applied to skin (Larson, 1999)

Besides washing defeats the skin and the ratepaf teplenishment on the dorsum of the
hands is only 20% after 1 h and 50% after 3 h. fattiy acids also have fungicidal and
bactericidal activity important in modulating tharsflora (Larson, 1999)

It is important to recall that hand disinfectionsignificantly more efficient than standard
hand washing with soap and water.

According to the field of application, strategies the prevention of the transfer of microbial
skin flora from the hands must consider the varicategories of flora: transient, resident or
infection flora. In contrast, resident skin flosausually regarded as pathogenic only under
certain circumstances such as in surgery. In thesoogical field, only the transient and
infection flora from the hands play a role (Pit2@01). Hands already contaminated may be
rendered safe by procedures for the eliminatiotraofsients such as hand washing, hygienic
hand wash.

Among all usable chemicals, ethanol, isopropandl mipropanol (in the order of increasing
efficacy) are the strongest and fasten agents. Bwsimon used concentrations are: ethanol
(60-90%), isopropanol (70-80%) and n-propanol (60e)/The duration of treatment
(between 30 and 60 s) significantly influencesdhbhkievable reduction of microbial release.
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There exists a strong positive correlation of theéuction of microbial release and the hand

treatment, between 1 to 5 min.

Alcohol preparations gives excellent spreading itpiadnd rapid evaporation Alcoholic

preparations are at least as tolerable for the akirantiseptic detergents if they contain

suitable emollients (Hygiene-Institute, 2001)

Other most popular active ingredients in hand dsitants are: povidone-iodine,

chlorhexidine gluconate and triclosan. But all lnérn are some specific negative properties

compare to alcohol hand disinfectants.

The essential importance is antimicrobial efficatyand disinfectants witch are regulate by

European Norms. A suspension test for the demdiusiraf bactericidal activity (EN 1040)

is obligatory for hand disinfectants in all field$ application, but test to prove activity

against yeasts applies only to hygienic hand rubig@n of Hygiene, 2006)

The purpose of work is to create the new hand fdisiant based on ethanol which is safe for

environment.

Tasks:

To create prescription of alcohol hand disinfectant

To create manufacture technology of alcohol hasuhftictant

To define physical and chemical propertiéslcohol hand disinfectant

To evaluate alcohol hand disinfectant — concentratiwity on test microorganisms:
Staphylococcus aureus, Pseudomonas aeruginosémoBella thyphimurium,

Candida albicans, Aspergillus niger

5. To create a technical documentation of alcohol Hdisithfectant

PoONPE

Materials and Methods

Characterize of raw materials included in alcolaidhdisinfectant:

Monopropylenglycol. It is widely used in cosmetics and toiletries.disollient, solvent and
non-toxic qualities are very important.

Glycerine. It serves as an excellent emollient, moisturized éubricant to prevent skin
dryness in personal care products.

Neo-PCL. Consist of a mixture of fatty acid polyglycol ethend fatty alcohol polyglycol
ether. As re-fatting and over-fatting agent, it eslskin soft, smooth and elastic. It is
moisturizer and emollient. This ingredient regusdipid balance in skin.

Acrylate polymer. It is used as thickening agent of hydroalcoholandh disinfectants
systems. Provides excellent skin feeling, isn’tigtiand has very high clarity in the
hydroalcoholic systems.

Trietanolamin. It is used as neutralizing agent.

Deionized water Deionized water is specially prepared of drinkingater in
EUROWATER equipment. It is important because di-amdalti-valent ions (like calcium
and magnesium) will precipitate polymers. Usingdeionized water essential influences
clarity and viscosity of ready product (Table 1).

Perfume. (Citrone)

Alcohol. It is used as active antimicrobial ingredienappropriate concentration.
Bactericidal and fungicidal activity is tested aating standards:

1. LVS EN 1040:2006 (11.04.2006.) ,Chemical disinfexta and antiseptics —
Quantitative suspension test for evaluation of dasictericidal activity of chemical
disinfectants and antiseptic — Test method andireaents.

2. LVS EN 1275:2006 (11.04.2006.) ,Chemical disinfetta and antiseptics —
Quantitative suspension test for evaluation of ddgngicidal or basic yeasticidal
activity of chemical disinfectants and antisepti€est method and requirements.

Recommendation ,,Control of efficacy of disinfectitnmedical institutions”, 1988.
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Acording with standards alcohol hand disinfectantcencentrate is tested on test
microorganisms:

Staphylococcus auredsTCC 6538

Pseudomonas aeruginogd CC 15442.

Aspergillus nigelATCC 16404

Candida albicansATCC 10231

Salmonella typhimuriuPATCC 14028

A A

Results and Discussion

As result prescription of alcohol hand disinfectasas made. It includes all raw materials in
balanced concentrations. Concentration of actigeeiient — alcohol is 62%.

A technology of manufacturing is made to secureitigeistrial produce of the disinfectant.
To make alcohol hand disinfectant raw materialspaten reactor in following order:

Deionised water Acrylate polymer—Aroma —Alcohol — Neo-PCL — Glycerin —
Monopropylenglycol— Trietanolamin.

After mixture of all ingredients as result is clemansparent gel with small bubbles in mass
(Table 2).

Table 1
Physical and chemical properties of water
Water
Spec\llsgile?riﬁpared Deionised water in
Parameters Drinking EUROWATER EURQWATER
water : equipment
equipment 39 Javel
2" level
Conductivity, uS cmi*
(25 °C) 615+1 612+1 5.9+ 0.1
pH (20 °C) 7.32+0.01 7.5+£0.01 5.66+0.01
Hardness, mmol I* 3.0+0.02 0.3+0.01 0.1+0.01
Fe”' + Fe", mg I' 1.06+0. 0.050. 0.03+0.
Ca’', mg-I* 35+1 1 -
Cl, mg 12+1 12+1 —
SO, mg I 30+1 17+1 —
Turbidity, NTU 9.78+1 0.1 0.1
Table 2

Physical and chemical properties of Alcohol hand dinfectant

No.

Name Parameters
1. Appearance Clear, transparent gel
2. Colour Colourless
3. pH 7.0-7.7
4. Content of ethanol in ma% 62.(-64.C

According to results using this disinfectant inldaling concentrations 3 g and 7 g with
exposure times 30 s and 1 min disinfectant canelstaced as having a bactericidal effect on
Staphylococcus aureus, Pseudomonas aeruginosa, oBella thyphimurium,and a

fungicidal effect onCandida albicansBut it isn't effective against microorganism spore
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according to research ohspergillus niger.Alcohol gel shows only fungistatic effect on

moulds (Table 3).

Table 3
Microbiological testing results of Alcohol hand dignfectant
Microorganisms Concentrate | Concentrate Concentrate Concentrate
suspension 39,30s 39,60s 79,30s 79,60s
Staphylococcus Negative Negative Negative Negative
aureus after 5 days after 5 days after 5 days after 5 days
ATCC 6538 incubation incubation incubation incubation
Pseudomonas Negative Negative Negative Negative
aeruginosa after 5 days after 5 days after 5 days after 5 days
ATCC 15442 incubation incubation incubation incubation
Asperaillus niger Positive Positive Positive Positive
A'?PCC:gllflsj 20 J,g after 48 h after 48 h after 48 h after 48 h
incubation incubation incubation incubation
: . Negative Negative Negative Negative
g_?rédcl:diglzg:ans after 5 days after 5 days after 5 days after 5 days
incubation incubation incubation incubation
Salmonella Negative Negative Negative Negative
typhimurium after 5 days after 5 days after 5 days after 5 days
ATCC 14028 incubation incubation incubation incubation

A technical documentation for this disinfectanimade during this research, which includes
the information required for the user of this produ

Documentation includes the safety data sheet fergioduct, which informs about danger
identification. Specification, which presents infation about the product stock qualities,
product describing parameters, its terms of trartapon and storage, its warranty period
and Technical task with information about the xtproduct label.

Product specification declares, that: Alcohol hainfectant contains skin softening and
moistening substances. The cure creates pleadegdment feeling. It is meant for use in
medical institutions, food turnover enterprises] ather public institutions. Biocide meant
for humans hygiene. It does not constitute evegywiashing of hands. Inventory number of
biocide is 19022007/1722.

Conclusions
Alcohol hand disinfectant is:

1. Fast-acting bactericidal and fungicidal agent veptimal anti-microbial spectrum

2. Low risk biocide which is safe for environment amzh-toxic to people. Completely
biodegradable.

3. Alcohols with the addition of appropriate emollie@nd moisturizers are less irritant
on skin than any antiseptic or non-antiseptic detets.

4. During complex hand hygiene providing proceduretigmssible biocide active
substances neutralization by anionic surfactants.

5. It requires less time to put preparation on hanbihvis really important in status
with high intensity of work

6. Alcohol hand disinfectant provides excellent hardecin conditions when water
sources aren’t available.
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Abstract

There is increasing interest in meat products meee with less or no additives. This applies paldity to
‘organic’ meat products. The use of nitrite in frecessing of organic meats has been discusserbeerdially
for many years. It is a synthetic chemical withitokogical concern but because of its effect onespance and
flavour of meat products, marketing of nitrite-fre@usages and hams proved to be difficult. Moreavigite
contributes to the safety and shelf life of sevenalat products. However, this (antimicrobial) effet nitrite
strongly depends on the type of product and magdmepensated, in most products, by adapting theepseg
conditions (e.g. by lowering the ripening temperasufor raw sausages; increasing the/dlues for shelf-stable
cooked sausages). The inhibitory effect of nitote oxidative deterioration of fats may be — withimits -
compensated for by selection of the raw materidl lanlimiting the access of oxygen. In dry sausages raw
hams with long aging times, an acceptable red colduch has been shown to consist of zinc protopyrip 1X
(“Parma Ham Pigment”) is obtained without curingeaty. This paper summarizes data of recent stuilies,
particular on the effect of nitrite on product sgfeand stability, and gives recommendations on shée
processing of meats with little or no nitrite added

Key words: nitrite; curing; meat products; safety; quality

Introduction

The use of curing agents (nitrite, nitrate) in mpadcessing has been a controversial issue
since the 1970s because toxicological concerns inesiveighted against the benefits of
curing agents to appearance, flavour, stability saféty of meat products. The last few years
saw an increasing demand for meats with less &dditiThe “organic” meat sector (meat
produced and processed according to Regulation @G2/91 as amended by Regulation
(EC) 780/2006) grew rapidly in Germany and othasrtoes, and even many manufacturers
of “conventional” meat products look for possilég to reduce the list of additives to these
products. The Regulation (EC) 780/2006 only pertfésuse of nitrite and nitrate at reduced
input levels and only if “no technological altenvat giving the same sanitary guarantees
and/or allowing to maintain the specific featuréshe product is available”.

This paper discusses the role of curing agentkénmanufacture of several meat products,
and alternatives to their use.

Curing agents and colour of meat productsThe mechanism of curing colour formation is
well known and has been recently summarized by kébrf2008). Since consumers associate
pink colour of meat product with “freshness”, mdnkg of greyish meats is difficult (Hamm,
2007). Recent discussion focused on the following dlternatives:

(1) In situ-formation of zinc protoporphyrin DRuring ripening of raw meats salted without
nitrite, FE" ions in the porphyrin ring are slowly replaced By’* ions, and the resulting
reddish colour is reasonably stable (Wakamatsal, 2004). This explains the red colour of
raw hams with extended ripening times. Howeves #fiernative is, at present, not applicable
to cooked meats and raw meat products with shmehimg times.

(2) In situ-formation of nitrite from nitrate ocaumg naturally in components of plant origin:
Some vegetables (e.g. celery) tend to accumuldtatenieven under conditions of limited
nitrogen supply during cultivation. They could ldead, in a dried form, to sausage mixtures.
If these are pre-incubated at elevated temperat{ziesind 40 °C) in the presence of a
suitable nitrate-reducing starter culture, smalbants of nitrite are formed that are sufficient
for the formation of a pink colour during heatinf§ the sausages (Fischet al, 2005;
Sebranek&Bacus, 2007). This method makes use ofattethat current food legislation
normally does not require labelling of added enzymmicrobial starter cultures and
compounds formed by thege situ However, use of this method without proper labgll
may mislead the consumer, especially buyers ofracgaeats.
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Curing agents and flavour of meat products The known effect of nitrite on the flavour of
cured meats is mainly due to its ability to bind=&". In this form, iron can no longer initiate
oxidative changes of polyunsaturated fatty acidss@nt in lipids. Attempts to replace this
effect of nitrite by use of synthetic antioxidaritad little if any success. To minimise
undesired changes (in particular, rancid or warmest- flavours), it is advisable to (i) use
pork from animals fed a diet rich in tocopherol gabr in polyunsaturated fatty acids, (ii)
exclude oxygen during the preparation and fillingtlee sausage mix as far as possible
(Klettner & Troeger, 2000), (iii) use spices witlgih antioxidative capacity (e.g. rosemary),
and (iv) limit the “best before” date of the prothicThe levels of nitrite formeith situ from
“natural” nitrate from vegetables (see above) mksp dring about an acceptable level of
curing flavour (Fischeet al, 2005).

Antimicrobial effects of curing agents: general remarks. European legislation on food
additives (Directive 2006/52/EC) classifies curamggents as preservatives, i.e. as compounds
inhibiting micro-organisms. This decision is maitigsed on an expert opinion published by
the European Food Safety Authority (EFSA, 2003) &oalising on the effect of nitrite on
Clostridium botulinumIndeed, nitrite has been shown in model systamdschallenge studies
(predominantly with products related to cooked hamiincheon meat) to contribute to the
inhibition of Clostridium botulinum Nitrite also affects undesired Gram-negative é@atin
the early stages of sausage fermentation (Hechelretal, 1974; Sanzt al, 1997) and
possiblyListeria monocytogeng®uffy et al, 1994). However, Grever & Ruiter (2001) and
the EFSA (2003) pointed out that the antimicroleifiéct of nitrite depends on many factors
such as the pH and the levels and forms of irothe product. For a comprehensive risk
assessment, the probabilities of process failudeodmon-detection of unsafe products during
distribution and consumption, as well as epidengimwial data and industrial experience must
be taken into account.

Nitrite and product safety: some recent studiesRecent data of Stegeman et al (2006; see
Table 1) confirm that use of nitrite at levels abod0 mg NaN@kg delays growth of
Clostridium botulinumin pasteurised Bologna-type sausages at 15 °C.

Table 1

Growth of Clostridium botulinum (inoculation level: ca. 100 spores/g; mixture of
proteolytic and non-proteolytic strains) in cannedBologna-type sausages
(boterhamworst) cooked to Bp=55 minutes and stored at 15 °C. No growth was

observed at 10 °C or below. Data from Stegemaat al. (2006)

Weeks until growth of

Batch Water activity NaNO, added (mg/kg) clostridia
1 0 24
2 0.97340.02 54 8-12
3 108 8-12
4 0 6-8
5 0.97040.03 54 >12
6 108 >12

Using the approach of Hauschild (1982), Licke & k&dmann (1986; see Licke &
Roberts, 1993) calculated the probability of tofanmation during unrefrigerated storage of
canned sausages heated godlues of 0.3-0.4. This mimics the situation aditional home-
scale canning of meats which was identified as gomaisk factor for botulism
(see Lucke, 2003). The results (Table 2) show &ethaeffect of nitrite only for Bologna-
type, not for liver sausages. They also indicate the effect of nitrite may be compensated
for by reducing the water activity. Alternativelyie heat treatment should be intensified by
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increasing the §value by about 0.6-0.8 units (resulting in a réidacof P by 3—4 units,
assuming a B; value of 0.2 for spores of proteolyt botulinumstrains).

Table 2

Probability (P) of formation of botulinum toxin fro m a single spore present in sausage
mixtures heated at 99 °C to about r=0.34 and stored at 21 °C for 3 months. Data from
Licke & Hechelmann, 1986, quoted by Liicke & Roberts1993

Product Water activity Na(Nr%/Eg)ded log10 P
~80 -6.8
Bologna-type 0.972 0 -6.1
sausage 0.979-0.982 ~g° _'g'g
0.972 ~go _'55'12
Liver sausage ~ac _2';
0.979-0.982 0 _2'5

Nitrite had only a small effect on growth bisteria monocytogenesn cooked sliced meat

products (Table 3). The effect of water activityswauch more marked.

Table 3

Effect of water activity and nitrite on the growth of Listeria monocytogenes on cooked

meat products. Data from Stegeman et al (2007)

Product Water | NaNO; added| Doublings ofListeria monocytogenes at 7 °C
activity (mg/kQg) within 14 days within 21 days
Bologna-type 79 <1 <1
sausage 0.965 40 <1 ~1.3
79 11-12 11-12
Cooked ham 0.973 20 15-13 12-13

Nitrite and spoilage by micro-organisms.We determined the shelf life of six batches of
cooked sliced vacuum-packed bologna-type sausages@ that had been prepared by one
manufacturer without nitrite and with 80 mg NaMKg, respectively (Licket al, 2007). The
products were spoiled by recontaminants (lactid &eicteriaBrochothrix thermosphactaee
Borch et al, 1996). Judged by sensory evaluation, by pH dserend by microbiological
data, the vacuum-packed sausages analysed hadf &fshaf about 5-10 days at 8 °C after
being sliced without the usual precautions takeawvtmd recontamination. Spoilage indicators
were off-odours and aromas described as “sour” “aadcid”. In uncured sausages, these
deviations were more pronounced and observed soays darlier, as also found by
Graubaumet al (2003), but this effect may be due to differengedhe slicing process
leading to higher initial counts of spoilage baieteSince ,rancidity* was observed in both
cured and uncured sausages, it was rather due dd-cdtain fatty acids formed by
Br. thermosphactéhan to fat oxidation.

Psychrotrophi&Enterobacteriaceaé the recontaminant flora were found to causé gjpots
on a greyish product, probably by reducing tradestoate present in uncured sausages. This
deviation will further reduce shelf life and accaptity.
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Conclusions

It is difficult to compensate for the effect of mg agents on colour and flavour of meat
products. On the other hand, the effect of curiggnés on product safety and shelf life differs
considerably according to the type of product. Umatactical conditions, added nitrate has no
antimicrobial effect, so it is difficult to undeastd why it is categorised legally as
“preservative”. Whether and how the manufacturecabked meats should be modified if
nitrite is omitted or if its ingoing level is reded to 50 mg NaNekg or less may be
summarised as follows (see also Licke and RoEI®3; Liicke, 2003):

Perishable cooked meats not cooked in sealed comtais are normally spoiled by
recontaminants and may be expected to be storeer waftigeration. Thus, maintenance of
the chill chain becomes even more important butspecific measures are necessary to
compensate for any antimicrobial effect of nitrite.

Meat products pasteurised in sealed containersare often stored under insufficient
refrigeration. Irrespective of nitrite addition,usages containing liver or blood should be
cooked to fvalues above 1.5. Other sausages prepared witltatg should be cooked tq) F
values above 1.0. Alternatively, the formulatiormsld be modified to attain a water activity
below 0.96 (for liver and blood sausages) or bedd®7 (for other products) and the products
should be cooked topfvalues above 0.4.

From literature data (see e.g. Licke, 2003; Humwhemn, 2004), the following
recommendations for the safe manufacture of rawt prealucts can be derived:

Raw sausageswithout added nitrite should be fermented at 18 diCbelow (such as
traditional varieties prepared with saltpetre). Adrmentation temperatures between
18 and 22 °C, use of appropriate starter cultunessaigars is necessary to ascertain a rapid
pH decrease. Undried fermented sausages withaiteratidition should not be produced.
Raw hamscan be safely produced by keeping the temperatutiee meat below 5 °C until
sufficient salt has penetrated into all parts dbitttain a water activity below 0.96. This is
essential, irrespective of the use of curing agents
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Abstract

Cereal products are the important part of human, diecause those contain high amount of proteins,
carbohydrates, B group vitamins and dietary filiderminated seeds, grain and grain germs have ksshin
food for long time with the purpose to improve leritritive value.

The albumin content in rye grain composition is banawhile maintenance of essential amino acid®ys
1.5 times higher (lysine and threonine) compareth wiheat grain. The biggest part of rye grain allbum
dissolves in water and low-concentration salt dls. The increase of glutenin amount promotesigthening

of gluten. The amount of riboflavin and vitaminrkrye grain is higher.

The research was accomplished on grains of ryéetydPuhovchanka’) harvested in Latvia in 2007 eTdrains
were biologically activated in order to achieve tmaximum biological value, and then dried in selera
conditions with a purpose to prolong grain storéigee, to facilitate technological processes thamuge such
grains in wheat bread technology for increasingateead nutritive value.

Results of our experiments shove that the optinnging parameters of biologically activated rye gsaiare
temperature +60+3 °C and time approximately threerdr The content of vitamin E decrease in biolaigyc
activated rye grain during drying 1.2 times, ofawiin C — 1.3 times, of vitamin niacin — 1.8 tim&ke changes
of albumen, fat, dietary fibre and Ca content ialdygically activated rye grain during drying aret melevant.
Increase content of oleic, linoleic, cys-11-eucosamic anda-linolenic acids 1.5 times during grain drying
process. The content of total aminoacids was lme@erparing with initial grain aminoacids composition

Key words: drying, biological activation, rye grains

Introduction

Rye — the Latin name iSecale cereale is still generally regarded as the typical ryeall
cereal. Nevertheless, there is a continuous deafingge consumption. In the case of this
bread cereal, too, it is chiefly winter rye thatused in bread. Although over 90% of the
world’s rye is growing in Europe, the cereal is ity means a uniform product. The main
growing areas and breeding centres are in eastentral and northern Europe, although rye
is also grown and bred in North America, Australial other regions (Poppet al.,2006).

Rye's nutritional characteristics are similar te tither cereal grains, however rye is higher
than wheat in fiber, vitamin E, riboflavin, folacand pantothentic acid. And unusual for a
cereal grain, rye contains twice as much of thenaracid, lysine as wheat. This is especially
significant because lysine's the limiting aminodati wheat and most other cereal grains
which necessitates food mixing to develop a corepbedtein. This isn't a problem with rye as
eating rye by itself gives you a well rounded pirnt®ye's high fiber content, higher than the
wheat, also aids in fighting heart disease (BusB0OR1; Rye, 2008.

Although rye does have some gluten, it doesn'tatorénough to make good bread and must
be used with other high gluten flours. Becausehd, trye bread is generally heavier than
wheat bread and has a darker color, a reflectiaimefyrain it comes from. The more wheat
flour is used, the lighter and milder the breadmpParnickel is one of the breads on the rye
heavy side of this spectrum, prized by many foriith, dark brown color and strong flavor.
Gluten is the main component characterizing dougdlity. Gluten is a strong hydrolyzed
gel, which mainly consists of albumen and carbohtgasy, fats and minerals. The amount of
gluten components depends on the variety of gftony type, preparing stage, and dough
mixing and rinsing time.

Wet gluten of wheat grain consistsgifadins andglutenins(their ratio is 1:1), rye grain — of
gliadins and glutenins (their ratio is 2:1),barley — of prolamine gluteninsand hordeins
fractions. Gliadins decrease dough mixing time, wheregistenins— increases itKasakos,
Kperosuu, 1989; Ruza, 200Ka3akos, Kapnunenko, 2005; Rye, 200'8.

! Rye. 2008. Sourcéttp://waltonfeed.com/self/rye.htpesource used on 28.01.2008.
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The activity of enzymes increases during germimaflmological activation): endohydrolase
enzymes ¢; p-amylases), proteolytic enzymes, diphenoloxsydaseg catalyse were
activated. Stability of gluten depends on the amairformeddisulfide bonds(-S-S-)and
disulfide bonds correlation wittsulfhydryl group (-SH-) (Kazakos, Kperosuu, 1989; Hugh
Cornellet al, 1998).
Optimal grain biological activation parameters arelative air humidity — 80+2%,
temperature — +3L °C, time — 24 hours. Gluten is not found in aaliéd rye grains. Intense
biochemical processes occur during the grain aubivdime, as a result grain biological value
increases — the content of vitaming B and niacin, total sugar, dietary fibre and gsamin
increase; vitamin C is synthesized, and the cordémnteplaceable amino acids is increased
during the process of protein hydrolysis. Rye gsaivere biologically activated with the
purpose to add such grain to wheat dough and tease biological value of wheat bread.
Biologically activated grain application in whitedad technology is a new direction. As
results of previous experiments show, the wheaadrmeith biologically activated grain
additive had a higher biological value: higher emntof vitamin B, niacin, E and C, dietary
fibre, irreplaceable amino acid, total proteinataugar, and glycosamin comparing with the
test bread sample (Rakcejeva, 2006; Rakcejeva,r&kRA06; Rakcejevet al.,2007).
As practice show, the application of biologicallgtigated rye grain in wheat bread
production technology is very difficult and labargprocess, because it is necessary to use
biologically activated grains in bread productieshinology immediately; it is not possible to
store such grains longer then six to eight houssaaesult the irreversible biochemical
reactions will occur. The technology of rye grairyidg will be developed for optimizing
bread production technological process.
Drying process of biologically activated rye graiissnot the same that malt production
technology. In the malt production technology theiry germination time is from seven to
nine days. For the bread production it is very Idimge for grain activation, because the
gluten quality becomes unsatisfactory and it ispustsible to produce high quality bread with
such grain additive. In malt production technologiye temperature of germinated grain
drying is from +80 to +85 °C and drying time is appmately to one dayTexHomno—
rus..., 2008). We suppose that such temperature will be highpfeserving of maximal
quantity of vitamins in grains.
The aim of the current research work was set as follows stuidy the changes of chemical
composition of biologically activated rye graingidg drying.
The followingobjectivesare advanced to achieve the set aim:
- to determine experimentally the optimal parametersbiologically activated rye grain
drying — temperature, and drying time;
- to investigate the changes of chemical composifagrain during the drying process.

Materials and Methods

For the research the following materials were uss@: grain (variety Puhovchankp
harvested in Latvia in 2007, drinking water forigransing and steeping in compliance with
Regulations No. 235 of the Cabinet of the Repullitatvia ,Compulsory Requirements for
Harmlessness of Drinking Water”, 2603

Grain was washed @@ t=+20+1 °C) and wetted @@ t=+20+1 °C,t=24+1 h). Grain
biological activation was performed in the climatitamber at temperatures (t) +35°C at
constant relative air humidity) of 80t1% for up to 24 hourg).

The drying of biologically activated rye grain wascrued in thermo chamber on bolter with
diameter g=0.185 m, the diameter of holeg=0.002 m, the square of bolter was& 030 m

'Texuonorus npoussoncrea nusa. 2008. Source:_http://www.beermarket.ru/beer/tetbgy.htm resource used
on 23.01.2008.

2 Dzeram udens obligtas nekaitguma un kvaliites prabas, monitoringa un kontrolegrkiba. 2003. Source:
http://www.likumi.lv/doc.php?id=75442esource used on 29.01.2008.
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with loading capacity S=6.700 kg “m Grain was dried till constant moisture content
13.78+0.50% for storage. The parameters of graiyingr process were: t=+60+3 °C,
1=2.75 h; t=+70+3 °C;=1.92 h; t=+80+£3 °Cy=1,60 h and t=+90+3 °G=1.40 h.
For determination of the chemical parameters changebiologically activated rye grains
during drying, standard methods were used:

Grain moisture (%) was determined under the standard methdsi 272

Total protein content (%) was determined under the standard met8@i5983

Fat content (%) was determined under the standard met8@6492

Wood-fibre content (%) was determined under the standard met8@i5498

Vitamin niacin content (mg kg') was determined under the standard method

AOAC 961.14

Vitamin E content (mg kg') was determined under the standard methOAC 971.30

Vitamin C content (mg kg') was determined under the standard methOAC 985.33

The content of amino acids (g 100 @) was determined under the standard method

AOAC 985.28

Content of Ca (%) was determined under the standard met8Qi6490/2

The content of fatty acids (% of total fatty acids) — extract of biologicakictivated hull-
less oats / wheat bread was analysed with GC-FID. d@nditions: column DB-WAX
(30 mx0.32 mmx0.25um), carrier gas: nitrogen, constant flow rate 112nin™, temperature
program: +60°C (1 min), +10°C (1 min), +250°C (10 min), injector: +230 °C, split 1:1,
detector: +280C. The samples were prepared as follows: a mixeghhe and acetones was
added to 5 g of a homogenised sample; after exdract00 mg of fats were used for the
analysis; cyclehexane and,$0, in methanol were added to the sample, the reactias
completed at a temperature +8Dfor 14-16 h; followed by cooling and centrifuging
The testing included three reiterations.

Results and Discussion

Dynamics of absolute moisture contentThe changes of absolute moisture content in
biologically activated rye grain during drying pess depending on temperature are shoved
on Figure 1. As results of our experiments showesreases of moisture content are more
intensive if the drying temperature is higher th@&@+2 °C.
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Figure 1. Dynamics of moisture content in biologiddy activated rye grain during drying
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Dynamics of vitamin content One of the tasks of our research was to foundotitemal
grain drying parameters, with the purpose maximaigintain quantity of vitamins in grains.
In biologically activated rye grain the decreastsitmmins E, C and niacin was established.
In unactivated rye grain content of vitamin E is®¥hg kg', vitamin C — 0.0 mg kg and
niacin —54.0 mg k4 As a control sample the rye grain biologicallyieated for 24+1 h was
used in the research. The changes of vitamin coatershowed in Table 1.

The results of our research prove, that the optanahg parameters for biologically activated
rye grain will be as follows: the temperature t=¢8®C and the time=2.75h, because the
changes of vitamin content are not so considerddedecreases of vitamin E are ~1.2 times,
vitamin C—~1.3 times and niacin—~1.8 times. Thaeefthe biologically activated rye grains
dried at temperature t=+60+£3 °C fz#2.75h were use for future experiments.

Table 1

Changes of vitamins C, E and niacin content duringrain drying, mg kg™

Changes of vitamin content
Vitamin 0 t=+60+x3 °C | t=+70x3 °C | t=+80+£3 °C | t=+90x3 °C
t=2.75h t=1.92 h 7=1.60 h t=1.40 h
E 32.5 27.5 27.¢ 25.4 23.€
C 42.¢ 33.€ 29.¢ 25.1 19.¢
Niacin 66.7 37.5 33.3 32.5 30.1
Dynamics of total protein, fat and wood-fibre contat. Activity of enzyme

threacetilglycerolipase and lipoxygenase increasend the grain biological activation to
24 hours, as a result the change$abtontent are not so relevant, the content of fatease
from 1.37% to 1.4% in dry matter. Such changes mélexplained with fat synthesise in grain
shells during biological activation. During the loigically activated rye grain drying process
at temperature +60+3 °C and time 2.75 hours theeobwof fat is not changed.

Total albumencontent could not increase during the grain biiglalgactivation, because the
albumens are splited under the influence on prgtieoknzymes. As a result the content of
albumins decreases from 11.0% to 10.53% in ryengrduring biological activation to 24 h.
The changes of total albumen content during drpirgess are not so relevant: the decreases
were observed from 10.53% to 10.42%.

The content of wood - fibrieacreases from 2.80% to 3.73% during the rye gaativation
time. It will be explained with amylolytic enzymectavity; as a result the cellulose and
hemicellulose will be splited. The decrease of wefibre content during drying process was
determined as not relevant (from 3.73% to 2.69%rynmatter).

Ca content. The increases of Ca content during rye grain biokdgactivation were not so
relevant: from 0.05% to 0.07%. Content of Ca dugnain drying time was not changed.
Dynamics of fatty acid composition.The increase of oleic, linoleic, cys-11-eucosamngcer
and o-linolenic acids content during grain drying prosegas observed by 1.5 times. Such
changes will be explained with the fat synthesisgrain shells during biological activation
and not so high drying temperature which could megative influence on grain chemical
composition.

Dynamics of amino acids compositionThe content of total amino acids decreases from
11.6% to 5.94% in dry matter during rye grain bgxal activation time. It could be
explained with albumen splitting under the influenan proteolytic enzymes. During the
drying process of biologically activated rye grttie increases of total content of amino acids
was determined (from 5.94% to 7.15% in dry matt&gch changes will be explained with
intensive biological process accruing in rye grduring first drying period, as a result the
amino acids synthesize.
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Conclusion

1.

Optimal drying parameters of biologically activateg grain are: temperature +60+3 °C
and drying time approximately three hours.

2. The content of vitamin E in biologically activatege grain during drying decreases
~1.2 times, vitamin C — ~1.3 times, niacin — ~1ngeis.

3. The changes of albumen, fat, wood - fiber in bialally activated rye grain during drying
are not relevant.

4. The increases of oleic, linoleic, cys-11-eucosauncteanda-linolenic acid content at the
grain drying process is 1.5 times.

5. During the biologically activated rye grain dryipgocess the increases of total amino acid
content was determined (from 5.94% to 7.15% inrdayter).
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Abstract

Enzymes play an important role in the food prodgcof both traditional and novel products. The antie
processes of brewing and cheese-making rely onnemzctivity at various stages of manufacture. Bt t
traditional products like yoghurt and fermented drages are performed by endogenous enzymes, tbat oc
naturally in the plant and animal tissues or in thigroorganism’s cells. The idea of isolated, exuges
enzymes adding to improve existing reactions dnitéate new reactions, dates from the start sseeond part
of past century in the USA led to the developmehtenzymes for the leather industry and started the
commercial production of papain for use in the bedustry. Now there are many enzymes for food @ssing
available that originate from different sources.jdfiidy of applied in food industry enzymes are hgldses
such as glycosidases, and in part proteases usetticfaneat tenderizing. The new direction is the of
enzymes as a tool for modificaton of protein suet For this aim are used microbial transglutasendt
produces the both inter- and intra-molecular istigepcross-linking bonds in the proteins. We inigsde its
substrate specificity to attempt to develop the loimed products consisting of the proteins from different
sources.

Key words: fish, flour, processing, transglutaminase

Introduction

Enzymes play an important role in the food industryoth traditional and novel products.
The ancient processes of brewing and cheese-makiggon enzyme activity at various
stages of manufacture. Traditional products likghyaot and fermented beverages owe their
character to enzyme reactions but these are pestbrby whole organisms rather than
isolated enzymes. These changes in traditional ystsdare due to enzymes that are
endogenous; that is they occur naturally in theugs of the plant or animal or in the micro-
organism. The activity of endogenous enzymes cammbaipulated by optimizing the
conditions for enzyme activity (pH, temperature)pgraltering the genetic control of enzyme
expression. However, there are limitations to tegrede of manipulation that can be achieved
by these means. The idea of adding enzymes fromr citburces (exogenous enzymes), to
improve existing reactions or to initiate new réats$, dates from the start of past century
when was started the commercial production of pafmiuse in the beer industry. Now there
are many enzymes for food processing availabledhginate from different sources.

When enzymes are considered for use in a food psowg it is essential to ensure that they
will confer some commercial benefit. The availaiilof enzymes on a large scale, and at
reasonable prices, the food industry reconsiddreduse of enzymes in food processing. At
present time, advances in biotechnology in thedfiel genetic manipulation created new
perspectives and the new technology were made.iteasthese technological advances and
the numbers of potential applications, the use rdfymes in the food industry is limited:
about ten enzymes accounted for 65% of the totzmee and 20 others — for rest 35%.
Usually used enzymes are hydrolytic that possess#dsplitting action, such as proteases
(46%) and carbohydrase (47%) being the most comi@nare interested in a new enzyme
of controversial action. It is microbial transglimase (protein-glutaminey-
glutamyltransferase, EC 2.3.2.13; TG) catalyzed-mapsfer reactions introducing covalent
cross-linkages between proteins, creating high cutée weight polymers.

In the early stages of TG research, attention wasised on the cross-linking of proteins
involved in blood coagulation. In a later stagessrbinking of other proteins received more
attention. Guinea pig liver TG was the most useryere for these cross-linking studies. In
addition, partially purified transglutaminase wased from bovine blood (factor XllII) or
human placenta. Guinea pig liver TG and factor XHé calcium dependent, which plays a
very important role in the conditions necessarytlfier cross-linking reactions. The discovery
of a C&*independent TG isolated frorStreptoverticillium mobaraensenhanced TG
research and utilization in food products, becafighe better availability of this enzyme.
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In addition to plasma TG, mammal blood contains dtleer types of this enzyme. One of
them is from blood platelets, which is very closedyated to plasma TG. The other one is
found in erythrocytes and because of that locaisocalled erythrocyte TG. Purification of
this TG has been performed from human erythrocytéswever, the relatively small
guantities of human blood and its origin make thizyme uninteresting for large scale
applications in food. On the contrary, the largaikability of bovine and pig blood from
slaughterhouses would make it more practical tlaisol Gs from these sources (Govardus de
Jonget al, 2001). Using the two types of animal blood T@d @acterial TG, cross-linking
experiments with seven proteins-lactalbumin,f-lactoglobulin, BSA, casein, hemoglobin,
myosin, glycinin) these authors showed large dffiees in substrate recognition and in cross-
linking rates.

Bacterial TG showed the lowest substrate spegjfi@s it was able to cross-link all seven
proteins tested. However, cross-linking of BSA anthctoglobulin is observed only after
reduction of the disulfide bridges by dithiothréi(®TT), which will promote the unfolding

of the protein. The unfolding of BSA andlactoglobulin will increase the accessibility of
glutamine and lysine residues for the cross-linkiggction.

Erythrocyte TG was able to cross-link BSA, casamg glycinin, indicating a higher substrate
specificity for this enzyme. The presence of DTTswaecessary for these cross-linking
reactions, which was confirmed in the fluoresceassay. However, the latter assay uses
monodansylcadaverine and dimethylcasein as substrad no disulfide bridges are present.
Consequently, not only should the role of DTT beridgd to that of an agent reducing
disulfide bridges, but DTT plays a role in the retilon state of cysteine in the active site of
erythrocyte TG. Plasma TG does not need DTT foadtsvity, as can be deduced from the
observed cross-linking of casein, hemoglobin, arydsim in the absence of DTT. In some
cases such aslactalbumin and glycinin, the presence of calcimnthe cross-linking buffer
caused a solubility problemu-Lactalbumin and glycinin were much more quicklyoss-
linked by bacterial TG without calcium than in theesence of calcium. This means that
cross-linking of these proteins by the two bloodsT&n be inhibited by the decreased
solubility in the presence of calcium. This stutipws that the erythrocyte TG has the highest
substrate specificity, whereas the bacterial enziyasethe lowest specificity. An intermediate
specificity is exhibited by the plasma TG.

These differences between types of TGs should @ébasd to the roles of these enzymes in
their concomitant natural processes. The fact thase enzymes are able to cross-link
proteins different from their natural substratesane that they can be used in several
applications for which enzymatic protein cross-inkis desired instead of chemical cross-
linking. Applications may be aimed toward the depehent of protein polymers with
modified functional properties but also to diregipbcations in complex systems, such as
foods. Depending on the number and types of preteéinan application and the need for
specific cross-linking of particular proteins incbuan application, one can select the most
suitable TG.

With respect to applications related to food prdadwr protein ingredients, the cross-linking
of the described substrates looks promising, eafpeas it is known that cross-linking of
protein can have substantial effects on functiqgmaperties, for example, gelling capacity,
emulsifying capacity, and solubility. The posstilyilof using different types of TGs for the
desired effect can be interesting, especially be&zabte rates and numbers of cross-links
produced will differ depending on the type of eneymsed. The problems concerning the
erythrocyte TG regarding self cross-linking, theegsity of using a reducing agent, and the
difficulties in the purification process will namothe possibilities of this enzyme. Plasma TG
offers better possibilities, although purificatitm a homogeneous enzyme preparation may
not be necessary. A good example of the use oftalbhapurified plasma TG is in the area of
meat processing, for which plasma TG is used inbioation with fibrinogen to form a
system that enables cross-linking of meat partstéB@ml TG shows the lowest substrate
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specificity and offers the greatest possibilitiescross-linking of protein ingredients. Cross-
linking of proteins with this enzyme is favored hase of its independence from calcium,
which can be beneficial when proteins are to besstimked because the solubility is
negatively influenced by the addition of calcium.

The substrate specificity of TGs for primary amimess investigated to incorporate various
functional groups into proteins and peptides. Imtrstudy, microbial and guinea pig liver
TGs were used. For the primary amines to be incatpd into benzyloxycarbonyl-L-GIn-Gly
(Z-GIn-Gly), they were required to have more thaarfcarbon chains without side chains
between the functional groups. These results stgigaswith appropriate primary amines as
spacers, various functional groups, carboxyl grogb®sphate groups, saccharides, and so
on, can be incorporated into proteins by using [@%#sukaet al.,2000).

Generally, protein substrates of TG are classifieal four groups: (1) GIn-Lys-type, in which
both GIn and Lys residues are available for crokslg; (2) GIn-type, in which only the GIn
residue is available for reaction; (3) Lys-typewhich only Lys residues are available; and
(4) a nonreactive type, in which both Glu and Lgsidues are unavailable for reaction
(Ikura et al., 1984). This classification is maiflgsed on the accessibility of Lys and GIn
residues located on the protein's surface. Accgrtbnthe above classification, a mixture of
two GIn-Lys-type substrate proteins or a mixtureGhfi-type and Lys-type substrate proteins
should be able to form heteroconjugates in TG-ga¢al reaction. However, in addition to the
availability of Lys and GIn residues, another fadtwat could potentially affect cross-linking
of two different macromolecular protein substraieshe thermodynamic compatibility of
mixing of the protein substrates at the enzymetvasite (Xiao-Qing Han and Srinivasan
Damodaran, 1996).

Materials and Methods

As a fish raw material it has been used by a fdled farce of bream, pikes, a pike perch and
small fry and, as vegetable additives - a textdriteur of peas, rice, a buckwheat and corn.
The range of a mass fraction of the brought vedetabmponent from 5% up to 15% was
considered. The used enzyme was TG preparationivédd@B " manufactured by firm
Ajinomoto Co's, Japan. Processing by enzyme sptitien of a solution of TG preparation
to fish farce at a stage of farce formulation (thass fraction of enzyme made 0.2-0.5 %,
therefore, for its careful distribution in a protiube solution was used). As basis of a
composition the fish farce received by crushing dish fillet or mechanical deboning of fish
raw material used. Additives entered in variousceetage parities to weight of fish farce.
There were following kinds of products and contkalriants of each kind have been
investigated. Samples of half-finished productshventering of 5%, 7.5%, 10%, 12.5% and
15% of a flour to weight of fish farce and samphth simultaneous entering flours and 0.2,
0.3, 0.4 or 0.5% of enzyme. The farce maturatios f@a 6 hours by +4 °C. Definition of the
module of elasticity was made by means of automatitsistency gage. Action of this is
based on measurement of a degree of compressioreadqg) of a punch on sample by
constant loading (100 g) during certain time (S\Mgasurements were spent three times, thus
the things in common of a punch with a fish eaadhetwere displaced. The final result was
calculated as an average arithmetic of three sagmi€es. Calculation spent to within 0.1 mm.

Results

We have investigated the application of TG in thedpction of fish cutlets with vegetable
flour. Experimental party of cutlets is got, eadhahich contained from 0.2 to 0.4% of TG
preparation. Control samples, unlike proper expenial, did not contain TG. After bringing
of all necessary additives both control and expenital samples were maintained at 0° C over
day. Control samples had a friable pastelike cteisi®, and experimental - dense, elastic.
Deformation of the investigated samples decreasagioptionally to concentration of enzyme
preparation: a maximum in 3.8 times. The best teduve been received at use of a pea flour
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as the vegetable component. The result no significalepends on a kind of the used fish.
The strongest influence of enzyme on samples wiftea flour speaks about more close
affinity of peas amino acids to enzyme than of ptit@urs. The optimum quantity in such
compounds makes 0.25% of enzyme and 15% of a pea fin the lead experiments the
tendency to increase in elasticity of a product #relgeneral hardening of a consistence is
traced at increase in TG mass fraction. The ineraasTG mass fraction in a product
promotes condensation of its structure, increageinentage of fiber in a finished article and
to increase in food value of a product. Howeveterahchievement of the certain value of
elasticity (in this case - at a mass fraction of @gal 0.25%), the further increase of TG is
inexpedient in view of significant growth of theige of a ready product. Considering all half-
finished products witf’'G concerning the control sample, the increase fowtisensor values
of these products are noted. From all points ofvyit observance of optimum quantit, a
product more racks to deformation, the consistemzk appearance is better, than at control
samples. From the economic point of view, additdi'G slightly increases the cost price of
finished products.

Conclusion

One of the problems of meat and fish processingiligation of crushed waste. Application
of TG, which creates more large molecules from proteéygheir cross-linking, allows to
solve this problemT'G forms from the crushed meat a monolithic piecthefset form which
after freezing and thermal processing gives theyjgroduct which is not differing on the
parameters from a product, made from an integedepf a beef or fish. The same enzyme
preparation is used for reception of a “fillet” fincfine scraps of a red fish. By means of TG is
delivered also fermentative processing of protewnaste of an animal origin for giving
cohesion and durability to a product, for exampfenfanufacture of animal and vegetable
row materials. By our results TG is more effeciiveonnection of fish to pea proteins and it
may be used in the next research work. TH&,application in food technology promotes
improvement of their quality indicators, and alsm serve for manufacturing of new kinds of
food products. Use of TG in manufacture of fishdutts enables to receive from fish steady
systems with the expressed elastic-plastic pragsertd lower quantity of production wastes
and to increase an yield of finished goods. Purpbsgpplication TG in a complex with
protein-containing additives, promoting the re-staning of disperse food systems and output
of food products with the set properties, is petpe and demands the further studying.
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Abstract

Undesirable in food products eight yeasts spedibaryomyces hansepiiTrichosporon cutaneum,
Kluyveromyces marxianus var. lagtsacharomyces cerevisiggandida parapsilosisTorulaspora delbrueckii
Pichia kluyverj Rhodotorula rubrawere used in the test cultures. Antimicrobial effef various extracts and
essential oils against yeasts was determined bysétifh in agar method.

Tarragon, savory and parsley essential oils solatiat concentration of 0.5% inhibited the growthyeésts.
T. cutaneunandR. rubrawere more sensitive to these essential oils thlaer gyeasts cultures. The essential oil
of long curcuma inhibited only before mentionedstsaultures. The extract of parsley also possesséultory
effect against all yeasts. The extracts of blaakioy cayenne peppemd red bell pepper did not influence the
growth of yeasts. The inhibitory effect of greempgpia and chilly pepper extracts was weaker conmgatd the
extracts of parsley. The extracts of leaves andsse€ coriander, leek and basil possessed inhipgtfect and
inhibited growth of yeasts.

Yeast shows minimal sensitivity to the ethanol @&etis from cranberry, black currant and bilberryriesrand
berry press cakes. Only. cutaneunandS. cerevisiagnakes bigger transparence zone. Yeast showsamsist
to berry juice and water extracts from berry preees.

The main objective of this study was to evaluatgnaorobial activity of spices extracts obtained tgrbon
dioxide and ethanol extracts of cranberry, bilbemng black currant berry and their press cakesagaelected
yeasts strains.

Key words:. yeasts species, essential oils, extracts

Introduction

Spices have been widely consumed throughout higtatye human diet not only as flavoring
substances but also as antimicrobial agents. Numereports demonstrate an inhibitory
effect of essential oils and extracts, as well asfipd compounds isolated from various
plants on the growth of microorganisms; such sulegts have been used for preserving foods
and drinks (Livet. al, 1996; Azzouzt. al, 1982; Ozeasmt al, 2001).

Since the very first scientific experiments on #mimicrobial properties of spices, herbs and
their components, which were performed carriedimtihe end of 19th century, the interest in
this topic has not diminished. Hoffman and Evar8l{) were the first who performed a
laboratory study on the effect of spices in fooeégervation. They found that cinnamon,
mustard and clove were useful in preserving appéej(Zaika, 1988).

Several studies have reported that garlic bulbaekizan inhibit the growth of bacteria, fungi
and viruses in culture media and food systemsadtdiso been shown that the antimicrobial
activity of garlic bulbs is due to allicin (diallyihiolsulfinate), ajoene and other sulfur
compounds (Yiret al.,1998; Conneet al.,1984). It is well established that such compounds
as thymol, anethole, menthol as well as esseniislamd extracts from Jamaican pepper,
cinnamon, clove, garlic, oregano, sage and thynmeimaibit the growth of pathogens and
yeast found in foods. These substances were stigegts in terms of their capability to
reduce the number of various microorganisms (Maginal., 1999).

Materials and Methods

The yeast strains were isolated from dairy produegsiipment washing liquid and the air of
industrial premises:Debaryomyces hansenii, Trichosporon cutaneum, howyces
marxianus var. lactis, Sacharomyces cerevisiae, ditkn parapsilosis, Torulaspora
delbrueckii, Pichia kluyveri, Rhodotorula rubra.

Fruit juices of cranberry, bilberry and black cuntravere pressed out in a conventional juicer
and the press cake was stored in a freezer uttdation. The ethanol extractspigments were
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extracted from 3 g of frozen berries or berry preskes with 10 ml 95% (v/v) food grade
ethanol acidified with 0.1 N HCI.

Spice (curcuma Gurcuma long® tarragon Artemisia dracunculys savory EGatureja
hortensi3, parsley Petroselinum crispuin horseradish Armoracia rusticana Gaertti
garlic Allium sativun), rosemary Rosmarinus officinalls lemon Citrus limor), caraway
(Carum carv), coriander Coriandrum sativury chilli pepper Pimenta dioicy fenugreek
(Trigonella foenumgraecunand marjoran@@riganum vulgar®) extracts were extracted with
liquid carbon dioxide at ambient temperature and b@® pressure. Essential oils were
hydrodistilled from the extracts and plant in av@leger type apparatus.

The antimicrobial properties were evaluated byabar well diffusion method (Zaika, 1988).
Yeasts were grown on a slant potato — dextrose (agd 98, LAB M), respectively. Yeasts
were cultivated 18 hours at 3T and 24 h at 28C, respectively. After cultivation, test
culture cells were washed with saline and mixeasgigin MS 1 minishaker (Wilmington,
USA). The yeasts cell suspensions were dilutedrdoup to McFarland No 1, respectively
(Delaquiset al., 2002). A suspension of cells was introduced intissolved medium cooled
to 47°C, 10 ml of which was pipetted into a 90 mm diam&etri plate. After cooling wells
nine-millimeter in diameter were pushed in the agad filled with 50pul of ethanolic
solutions of extracts. The plates with yeasts weoeibated overnight at a temperature of
30°C.

After 24 h of incubation, the inhibition zones wemeasured with callipers to an accuracy
precision of 0.1 mm and the effect was calculated mean of three replicate tests.

Results and Discussion

Tarragon, savory and parsley essential oils solat@t concentration of 0.5% inhibited the
growth of yeastsT. cutaneunmandR. rubrawere more sensitive to these essential oils than
other yeasts cultures (Table 1).

Table 1
Inhibitory effect of essential oils on yeasts
Inhibition zone, cm
. = € 5 — @ %)
Plants essential | Concentr g 3 8 o = D 3 T
oil ation, % = X8 8 b % 2 o
8 | 5 | BS = - g 5| 5
< o o Q =} X fus
6 | - |[¥8 |38 v |G8| o |
50 0.0 |1.8:0.0| 0.0 0.0 0.0 0.0 0.0 | 1.5:0.0
Essential oil of 10 0.0 |1.3t0.1| 0.0 0.0 0.0 0.0 0.0 | 1.4£0.0
curcuma from 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0{ 1.0+0.0
plant extract 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50  |4.0+0.0 | 4.60.0 | 4.30.0 | 4.30.0 | 4.G:0.0 | 4.6:0.0 | 4.6:0.0 | 4.6:0.0
Essential oil of 10  |4.0+0.0 | 4.30.0 | 4.@0.0 | 4.@0.0 | 4.6:0.0 | 4.6:0.0 | 3.80.0 | 4.6:0.0
tarragon from 5 |4.0:0.0 | 4.60.0 | 4.30.0 | 4.6:0.0 | 4.G0.0 | 4.30.0 | 2.20.1 | 4.G0.0
plant extract 1 |4.0t0.0 |4.20.0 |4.6:0.0 | 2.60.0 | 3.6:0.7 | 1.60.1 | 2.30.0 | 4.6:0.0
0.5 |4.0:0.0 | 4.6:0.0 | 4.6:0.0 | 2.40.0 | 2.90.1 | 1.20.1 | 1.50.0 | 4.30.0
50 |4.0:0.0 |4.6:0.0 | 4.30.0 | 4.6:0.0 | 4.6¢0.0 | 4.30.0 | 4.6:0.0 | 4.G:0.0
o 10  |4.060.0 | 4.20.0 | 4.30.0 | 4.6:0.0 | 4.6:0.0 | 4.30.0 | 4.6:0.0 | 4.G:0.0
Essential oil of 5  [4.0t0.0 | 4800 |4.80.0 | 4800 | 4800 | 4800 | 4800 | 480.0
savory from plant
1 |4.0t0.0 |4.30.0 | 4.6:0.0 | 4.30.0 | 4.6:0.0 | 4.6:0.0 | 4.30.0 | 4.6:0.0
05 |2.5:0.1 |4.6:0.0 |1.60.1 | 1.20.1 | 2.30.0 | 1.80.0 | 1.60.0 | 3.30.0
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Inhibition zone, cm
[72]
. = € 2 — & 2

Plants essential | Concentr § 3 8 o < @ z D
oil ation, % = X3 o 3 = 2, ©
< 3 S 5 o g = 2
o F | 8| 3| 6 |08 « o
- 10 [4.0+0.0 | 4.6:0.0 [4.60.0 | 4.6:0.0 | 4.6:0.0 | 4.6:0.0 | 4.30.0 | 4.30.0
Essential oil of 5  |4.0:0.0 | 4.6:0.0 | 4.60.0 | 4.6:0.0 | 4.6:0.0 | 4.30.0 | 4.30.0 | 4.30.0

savory from plant

extract 1 2.9+0.1 | 4.60.0 | 3.90.1 | 3.20.0 | 3.20.1 | 2.20.1 | 2.60.0 | 4.6:0.0

05 [1.8:0.0 | 4.60.0 [ 2.30.0 | 2.40.0 | 1.80.0 | 1.80.1 | 1.530.0 | 4.60.0
10  |4.0t0.0 | 4.30.0 | 4.60.0 | 4.3:0.0 | 4.30.0 | 4.20.0 | 4.30.0 | 4.20.0
Essential oil of 5 [4.0t0.0 [4.60.0 [4.20.0 [4.20.0 [4.60.0 [4.80.0 [4.60.0 [4.30.0
Ef‘arrsliegxggg 1 |4.0t00 |4.20.0 [4.60.0 |4.60.0 |4.G0.0 |4.600 |3.90.1 [4.60.0

0.5 [4.0:0.0 |4.60.0 [4.30.0 [4.30.0 [4.30.0 [4.30.0 [2.80.0 |4.60.0

The essential oil of long curcuma inhibited onlyfdre mentioned yeasts cultures. The
combined effect of different pH of media and extsasas also investigated and it was found
that pH did not have significant effect on antirolgial properties of extracts.

After investigation yeast sensitivity on variousup extracts, it was found that yeasts are
resistant on most of them. Only parsley leavesaektinhibit test cultures growing —
D. hansenii T. cutaneumC. parapsilosisand R. rubra made inhibition zone in 4.0 cm
diameter. Better resistance showkd marxianusvar. lactis, T. delbrueckji extracts of
concentration 10 and 5 % made lesser inhibitioreztimeir diameter was from 1.6 to 3.5 cm.
The extract of parsley also possessed inhibitdigcefigainst all yeasts. The extracts of black
cumin, cayenne peppemnd red bell pepper did not influence the growthyeésts. The
inhibitory effect of green paprika and chilly extta was weaker comparing to the extracts of
parsley.

In literature it is mentioned, that composition s#veral essential oils some times shows
stronger inhibition effect compared to single comgat. After mixing extracts of savory,
coriander and tarragon in proportion 1:1:1, obtdicemposition showed antimicrobial effect,
but it was not very strong (Table 2).

Table 2
Sensitivity of yeasts on extracts compositions
Plants |Concen- Inhibition zone, cm
extract and | tration, T. cuta K. T.delbrue| Sac. C. P. |R.rubra
their % D. ..| neum |marxianus| ckii cerevi | paraps |kluyveri
composites hansenii var. lactis siae losis
Horseradish, 50 2.9+0.1| 2.60.1 1.80.1 2.30.1 1.80.0 | 2.60.0| 1.60.1 | 4.60.0
garlic, 10 1.9t0.1| 1.60.1| 1.80.0 1.20.0 | 1.60.0 | 1.80.0| 1.40.1| 2.80.0
rosemary 1 1.2+0.0 0.0 0.0 1.0+0.0 1.20.0 0.0 0.0 1.1+0.0
Extract of 50 2.30.3| 1.60.2 1.50.0 1.40.1 2.30.1 | 1.50.1 | 1.50.0 | 2.%0.2
horseradish 10 2.+0.1 | 1.301| 1.40.1 1.30.0 | 2.600 | 1.80.1| 1.90.0| 2.304
1 1.30.0| 0.0 0.0 1.140.0 | 1.20.0 0.0 | 1.2¢0.0| 1.20.0
Extract of 50 2.6:0.1 | 2.40.1 3.20.3 1.80.3 2.60.1 | 2804 | 1.20.0 | 3.20.3
garlic 10 2.0:0.1| 2.60.0 2.60.1 1.%0.1 2.60.1 | 2#0.9 | 1.30.1 | 2.40.0
1 1.4+0.1| 1.30.0| 1.30.0 1.60.0 | 1.%0.0 0.0 | 1.1+0.0| 1.20.1
Extract of 50 1.5+0.5 | 1.80.0 1.%0.3 1.40.1 2.60.0 | 1.6¢0.1 | 1.80.1 | 4.60.0
rosemary 10 1.6:0.0 | 1.80.0 1.60.1 1.30.1 1.30.0 0.0 1.6:0.0 | 3.30.3
1 1.2¢0.0| 1.20.0| 1.%0.0 1.20.0 | 1.%0.0 0.0 | 11+0.0| 1.30.1
Peel of 50 1.9¢0.1 | 1.80.0 1.20.0 1.30.0 1.40.0 | 1.60.1 0.0 0.0
10 1.3+0.1 0.0 0.0 1.1+0.0 0.0 0.0 0.0 0.0
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Plants |Concen- Inhibition zone, cm
extract and | tration, T. cuta K. T. delbrue| Sac. C. P. |R.rubra
their % D. .| neum |marxianus| ckii cerevi | paraps |kluyveri
composites hansenii var. lactis siae losis
lemon. 1
caraway, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fenugreek
Extract of 50 0.0 1.2+0.0 1.%0.0 1.%0.0 1.50.0 | 1.20.0 0.0 2.0+0.0
lemon peel 10 0.0 1.0£0.0 1.¢0.0 1.¢0.0 1.30.1 0.0 0.0 1.5:0.0
1 0.0 0.0 1.0£0.0 1.¢0.0 1.%#0.0 0.0 0.0 1.1+0.1
Extract of 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fenugreek 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trigonella
foenum- 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
graecum
Savory, 50 4.0£0.0 | 4.¢0.0 4.@¢0.0 4.¢:0.0 4.60.0 | 4.60.0 | 4.0£0.0| 4.0+00
coriander, 10 4.0:0.0 | 3.80.0 4.60.0 3.80.0 4.60.0 | 3.80.1 | 3.50.1| 4.¢0.0
tarragon 1 4.0:0.0 | 1.80.0 4.@¢0.0 1.80.0 4.0.0 | 3.¢0.0 0.0 4.0+0.0
Extract of 50 4.0:0.0 | 4.¢0.0 4.@¢0.0 4.¢:0.0 4.60.0 | 4.60.0 | 4.60.0| 4.6¢0.0
starragona- 10 4.0£0.0 | 4.¢0.0 4.@¢0.0 4.¢:0.0 4.0.0 | 4.60.0 | 4.60.0| 4.6¢0.0
vory 1 4.0:0.0 | 4.6:0.0 4.60.0 4.¢0.0 4.60.0 | 4.60.0| 4.60.0| 4.60.0

50 1.3+0.07| 4.0+0.0 1.90.0 1.20.0 1.90.1 | 2.¢0.1 | 1.20.3 | 4.6:0.0

EXt.raCéo‘c 10 | 1.3:00| 4@00| 1.601 | 1.300 | 1.&00 | 2.#01 | 1.300 | 4.a0.0
conanaer 1 | 1.1+0.0 | 4300 0.0 12400 | L®01 | 1.40.1| 00 | 4.0:0.0
Extract of 50 |1.50:0.0| 3.3:0.1| 2.90.1 | 2.%20.4 | 3.200 | 2401 | 2.20.1| 4.60.0
tarragon 10 |1.20:0.0| 3.3:0.1| 2.400 | 2.400 | 2.800 | 2.20.0 | 2.60.0 | 4.60.0
1 00 |2800| 1500 | 1200 | 2.600 | 1.80.0| 1.20.0 | 4.60.0
Chill 50 00 |1.2+00| 1.300 | 1200 | 1.600 | 1.#0.0| 00 | 2.0:0.0
pepper, 10 0.0 0.0 0.0 0.0 | 1.1+0.0 | 0.0 00 | 1.40.1
marjoram, ! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9:0.0
curcuma
Extract of 50 | 1.3:0.0| 0.0 1.0:0.0 0.0 1301 | 1.301| 00 | 1.801
chilli pepper | 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0] 1.2:0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0] 1.0:0.0
Extract of 50 | 2.0:0.0| 4300| 3403 | 4600 | 4600 | 3.60.0| 1.501]| 4600
marjoram 10 | 1.3:00| 1.20.0| 2.60.0 | 1.60.0 | 2.800 | 2.30.3 | 1.30.0]| 4.60.0
1 | 1.0:01] 1.60.0| 1.200 | 1600 | 1201 | 1.60.0| 00 | 4.0:0.0
Extract of 50 | 1.3:0.0| 1.90.0| 1.20.2 | 1301 | 1301 | 1.#0.0| 1.500| 1202
curcuma 10 00 |1401| 1604 | 1200 | 1.300 | 1.#0.0| 1.20.0| 1.40.0
1 00 |1.300| 1301 | 1#00 | 1.r01 | 1.60.0| 1.£0.0| 1.20.0

Extract of 50, 10 and 1% concentration inhibit oBlyhansenij K. marxianus S. cerevisiae
test cultures. Other yeast made smaller inhibitmones, especially with extracts of
concentration in 1%. After mixing extracts of hoesdish, garlic and rosemary, increase of
affectivity was not observed too. The extractseafvies and seeds of coriander, leek and basil
possessed inhibitory effect and inhibited growtlyessts.

Yeast shows minimal sensitivity to the ethanol asts from cranberry, black currant and
bilberry berries and berry press cakes (Table B)y @. cutaneumandS. cerevisiagnakes
bigger transparence zore. marxianusvar. lactis was the most sensitive to ethanol extracts
of bilberry and black currant berry press cakes thther yeasts cultures.

Yeast shows resistance to water extracts from h@eygs cakes. (the results are not shown).
Berry juice has weak inhibitory effect, in this eamly cranberry juice and black currant juice
inhibit growing of T. cutaneurmand makes transparence zone in 0.8 and 1.0 cm resglctiv
(the results are not shown).
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Table 3
Inhibitory effect of berry and berry cakes ethanolextracts on yeasts
Inhibition zone, cm
Q [ — — = IS =t X~
3 z T o 2
Ethanol extract % = 3, . B g g g 2
@) = 5 S a S~ 5
o T = = = = S| @
o P . . © S g ©
Cranberry berries 1.1+0.0| 0.9+0.0| 0.8+0.0| 0.9+0.0 1.0+0.0 1.5+0/1 1.240009+0.0
Bilberry berries 1.2+0.2| 0.9+0.0| 0.1+0.0[ 1.0+0.0 0.8+0.0 1.3+0/1 1.040M9+0.2
Black currant berries 1.2+0.2| 0.940.0| 0.9+0.0 0.9+0.0 0.8+0.0 0.9+0.0 0.940019+0.0
Cranberry press cakes |1.3+0.2] 0.9+0.0| 0.9+0.0[ 0.9+0.0 0.8t0.2 1.2+0.0 1.040100+0.0
Bilberry press cakes 1.2+0.4| 0.9£0.0| 0.9+0.1| 0.9+0.1 0.8#0p 1.2+02 1.940110+0.1
CB;?(‘;kscu”am Press 1.240.0/ 0.9+0.0| 0.8#0.0| 0.8:0.0 0.9:0p 1.3:02 1.940110+0.0
Conclusions
1. Essential oil of savory, tarragon and parsley shibws&ong inhibitory effect on yeast

cultures. Effective concentration was from 0.5 @%.

2. After investigation of various plants extracts ropes, synergistic effect was not
observed.

3. Yeast shows minimal sensitivity to the ethanol &xtis from cranberry, black currant and
bilberry berries and berry cakes. Orily cutaneumand S. cerevisiaemakes bigger
transparence zone. Yeast shows resistance to jogceyand water extracts from berry
cakes.
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FUNCTIONAL PROPERTIES OF EXTRUDATES AS FERMENTATION MEDIA
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Abstract

Extrusion cooking is used world wide for the prailue of expanded snack food, modified starch, readgat
cereal foods. Recently a considerable interestangen in the appliance of extruded products, saghaw
materials with specific physical properties, foe throduction of fermented products. Product qualig vary
considerably depending on the extruder type, saremfiguration, feed moisture, temperature profitethe
barrel, screw speed, feed rate and die profilethis study, the effect of feed moisture contentfamctional
properties (water solubility index, water absorptiodex and degree of gelatinization) of differemtrudates
was investigated. Different extruded samples weepgred using wheat (flour and meal), rye (floueaimand
wholemeal), barley, triticale, maize and rice winadals, pursuant to selection of fermentation meQereal
products were passed through a one-screw extrsiteg moisture contents of 30% and 50%.

The performed study revealed that functional prigef extrudates are strongly related to the alesgpe and
feed moisture content. The higher feed moisturetertn(50%) influenced the higher water solubilitydéx
(WSI), yet the lower water absorption index (WARdadegree of gelatinization (DG). The highest valoé
WSI, WAI and DG were demonstrated by barley, taligcand rye flour extrudates and were as follovis1%,
2.31 g ¢ and 100%. Meanwhile, the lowest values of funatigroperties were observed on triticale, rice and
wheat extrudates, and were in the values of 1.868 @ g* and 6.1%, respectively.

Key words: extrusion, feed moisture content, WAI, WSI, DG.

Introduction

Extrusion is one of the most common industrial psses used to make snacks, and it is
among the most versatile technological processesnfiking food products, usually from
cereals. Cereals, in turn, are the customary, tioddi snack ingredient due to their high
starch content (Perez-Navarrede al., 2006). Extrusion technology has many advantages,
including its versatility, high productivity, lowost, and the ability to produce unique product
shapes and high product quality (Singh and Smit8981 Singh et al.,, 1999;
Kokselet al.,2004).

Extrusion-cooking is a versatile and feasible alitive for manufacturing snacks and water
reconstitutable foods, and it has been the objédtudies to enhance the nutritional and
functional properties of extrudates for the deveiept of products (Sacchett al., 2005;
Shankar and Bandyopadhyay, 2005; Gonzalez-Soiq @086; Hernandez-Diaat al., 2007).

In extrusion cooking, important parameters for picidyjuality include moisture content of the
material, residence time, which is influenced bgdieg rate, screw speed and configuration,
die geometry, temperature and time (Gogoi and Yk884; Obatolwet al.,2005). The results
of extrusion are gelatinization of starch, denataraof proteins, inactivation of many native
enzymes and antinutritional factors, reduction dtrobial counts, and improvement in
digestibility and biological value of proteins (MiarCabrejaset al., 1999; Milan-
Carrillo et al.,2002). The suitability of extruded foods for atgardar application depends on
their functional properties like water absorptiondawater solubility indexes, expansion
index, bulk density and viscosity of the dough (#ardez-Diazt al.,2007).

The objective of this study was to investigatedffect of feed moisture content as processing
variables on functional and physical quality ofregates from different cereal types.

Materials and Methods

The extruded samples: wheat (flour and meal), fleur, meal and wholemeal), barley,
triticale, maize and rice wholemeals were usedutnout this study. Cereal products were
passed through a one-screw extruder using feedum®isontents of 30% and 50%.

Water absorption index (WAI) and water solubilitydex (WSI).WAI and WSI were
determined in duplicate following the method ddsedi by Anderson (1982). Each sample
(1 g) was suspended in 6ml of distilled water atidesl for 30 min at 30C temperature.
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Subsequently, the dispersions were centrifuge®@® 4 for 20 min using Heraeus Labofuge
200 Centrifuge (Thermo Electron LED GmbH, Langebskl, Germany). The supernatants
were poured into dry test tubes and stored ovetrigh10°C for the process of evaporation.
WAI and WSI were calculated using following equaso

WAI = weight of sediment / weight of dry solids

WSI = weight of dissolved solids in supernatantO/&@ight of dry solids

Degree of gelatinization (DG)Degree of gelatinization was determined by compggarin
OD values of a particular extrudate to its con{ran-extruded) sample. OD values of the
samples in triplicate were measured using Speattopeter Genesys 10 (Thermo Electron
LED GmbH, Langenselbold, Germany) at a wavelen@tG08 nm. Calculations were made
using the following equation:

DG=optical density of extrudate x100/optical deysit control sample.

Results and Discussion

Water solubility and water absorption index&§ater solubility index (WSI) is used as a
measure for starch degradation; it means thatveerloNVSI there is minor degradation of
starch and such condition leads to less numbersolfble molecules in the extrudates
(Hernandez-Diazt al., 2007). Higher moisture content in extrusion prgcean diminish
protein denaturation and starch degradation. Tiperxental results show that WSI of all
examined extrudates (excluding maize) decreasddingteasing moisture levels. The effect
of feed moisture content on WSl is illustrated igure 1 (A).

The highest WSI under 50.0% feed moisture contemixirusion process were determined in
barley and maize extrudates, being 8.7% and 5.8%pectively. Whereas the lower WSI
under same conditions were measured in rye meatraicdle extrudates, with the values of
2.0% and 1.8%, respectively. In the case of 30.686 inoisture content, barley extrudate had
the highest WSI, yet in triticale extrudate was sugad the lowest WSI, being 10.1% and
3.6%, correspondingly.

127 OMMoistare content 30%: B in OMosture coatent 30%
104+ MIdoistare content 50% 75+ Bl Mosture coatent 50%
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Figure 1. Effect of feed moisture content on WSI (A WAI (B) and extrudates
from different cereal types

WAI, an indicator of the ability of flour to absonvater, depends on the availability of
hydrophilic groups which bind water molecules and the gel-forming capacity of
macromolecules. The results of the effect of fe@isture content on WAI of extrudates from
different cereal types are demonstrated in Figui#)1

The higher feed moisture content influenced high&xl for all but rice, barley and maize
extrudates. The highest WAI was determined incailé extrudate (2.31 g'yalong with the
lowest WAI in rice extrudate (0.63 g’y both under 50.0% feed moisture content. Badrik a
Mellowes (1991) and Hernandez-Diaz (2007) reposiedlar findings where WSI of several
extrudates decreased and WAI increased with intrgasoisture levels.
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Degree of gelatinizationDegree of gelatinization was mainly affected byfetént cereal
types. It was observed that lower feed moistureaeoéd gelatinization in all except rye flour
and wheat flour extrudates. The effect of feedstowe content on DG of different extrudates
is illustrated in Figure 2.
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B IIoisture content 5006
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Figure 2. Effect of feed moisture content on DG andxtrudates from
different cereal types

Nevertheless the highest DG was examined undef®&@e@d moisture content in rye flour
extrudate where all starch was gelatinized, yethim wheat meal extrudate only 6.1% of
starch gelatinization showing the lowest DG wadeaad.

Conclusions

1. The effect of moisture content in extrusion processfunctional properties of different
cereal types was examined throughout this studyeHmental data indicate that the
extrudate type had a significant influence on wadetubility index (WSI), water
absorption index (WAI) and degree on gelatiniza{bii). Extrusion conditions have to
be chosen considering cereal type of extrudaterderato get the preeminent functional
properties for fermentation process.

2. Samples with higher degree of gelatinization resulh lower water solubility and higher
water absorbability. Therefore, extrudate samplék & higher degree of gelatinization
have a higher gelling capacity and could be incafea into foods as thickeners or in
dough where retaining the moisture is importantiier maintenance of the texture.
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Abstract

Since its invention in the 1930s, plastic packadiag posed two challenges: its dependence on g@etnohnd
the problem of waste disposal. Over the past fa@ry packaging suppliers have been introducingwariorms

of biodegradable plastics made from a variety ahtd, in the main corn. The market of biodegradablgmers

at the present is growing based on projections ¢basumers and recycling regulations will drive dewh for
environmentally-friendly packaging. Market introdion has started successfully all over Europe. Most
important application sectors of biodegradable p@lss today: organic food and service packagingpsing
bags, catering products, bio waste bags, mulchsfilhorticulture auxiliaries. At the Latvia Univessiof
Agriculture faculty of Food Technology the follovgrtasks of some biodegradable polymer testing dod f
applications were carried out:

- plasticized PHB films were used for sour cream saled with meat and mayonnaise packaging;

- PLA film influence on the quality indices of ryedard at the storage time and their suitability ficzalol
packaging was evaluated;

- with the aim to check the published data of bioddgble PLA packaging film special suitability to
provide longer shelf life of fresh fruits and végjdes, some in Latvia cultivated fruit storage ever
tested.

Key words: biodegradable films, food packaging, rye breadtdru

Introduction

Since its invention in the 1930s, plastic packagimas initiated two challenges: its
dependence on petroleum and the problem of waspmoshl.Most of today’s conventional
synthetic polymers are produced from petrochemieald are not biodegradable. Theses
stable polymers are a significant source of enwvitental pollution, harming organic nature
when they are dispersed in the environment. The m@terials such as fossil fuel and gas
could be partially replaced by greener agricults@lrces, which should also participate to
the reduction of C@emissions (Narayan, 2001). Over the past fivesg/packaging suppliers
have been introducing various forms of biodegraglaldstics. These materials are made from
a variety of plants, in the main corn. The marlkiebiodegradable polymers at the present is
growing based on considerations that consumerseytling regulations will drive demand
for environmentally-friendly packaging. Some of th®degradable polymers are already
competitive alternatives to conventional food pajtkg, polylactate (PLA) is being one most
important of then{Haugard, Martensen, 2003).

State of the art of biodegradable polymer packagingAccording to the Biodegradable
products Institute (BPI) a biodegradable plasticene in which degradation results from the
action of naturally occurring micro-organisms swdh bacteria, fungi or algae. This takes
place in two-steps: degradation/defragmention atetd by heat, moisture, or microbial
enzymes, and second step — biodegradation — whershorter carbon chains pass through
the sell walls of the microbes and are used asnangg source. The packaging is certified
compostable and biodegradable according to Europtamdard EN-13432, which is the
internationally recognized standard for compostaplckaging in Europe in 20800
Biodegradable polymers are a growing fiékhplan, et al., 1993; Van de Velde, Kiekens,
2002; Rouilly, Rigal, 2002)Some micro organisms and enzymes capable of degradem
have been identified (Chandra, Rustgi, 1998; Kgpl®&x®8). Depending to the evolution of

! Drachman F. // Development in Biodegradable Riadir packaging, Industry Insights, Intertech Fi€97.
Sourcewww.intertechpira.comresource used on 10.02.2008.
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the synthesis process, different classificationsioflegradable polymers have been proposed.
There are 4 different categories of biodegradaliynpers; only 3 of them have been
obtained from renewable resources. Production dgypdor biodegradable polymers
worldwide has grown dramatically since the middfe1890s. Demand for bioplastics in
Europe experienced its first boom in 2006, accaydina survey by the European Bioplastics
Association. Currently bioplastics account only fess than one percent of the European
plastics market. Prospective amount of biodegradaickaging market at 2010 could be
about 10% Renewable resource based biopolymers such ashsamd PLA account for
around 85% of the total producti@apacity with synthetic biopolymers accounting fioe
remaining 15%. Biodegradable polymers market intobidn has started successfully all over
Europe (Platt, 2006). European Bioplastics Associationinestes the global production
capacities of bioplastics to increase six timedl @ill. The shares of the three material
classes: synthetic biodegradable, biobased biodalgla and biobased non-biodegradable are
expected to change significantly towards biobasedniodegradable bioplastics. Their share
is about 12 percent in 2007 of a total productiapacity of 262000 tones in a year; in 2011
the share of biobased non-biodegradable plastit®evalmost 40 percent of total capagity
Most important application sectors of biodegradgimé/mers at the present time are mainly
for organically produced foods packaging, convaraldruit and vegetables as well as bread
and bakery products, ready-to-eat foods, servic&gmang, shopping bags, catering products,
bio waste bags, mulch films, horticulture auxikexi Nets, trays and flow pack — from PLA,
cellulose and starch materials — are being usetedls Not only the range of biodegradable
products has widened but the number of those matwréas, distributors and users has also
increased. At present PLA is the most widely usedidgradable polymer for fresh-food
applicationd. A new study from Pira Intl. Ltcestimated that biodegradable packaging will
grow at a compound annual growth rate (CAGR) op2&ent by introduction of lower-cost
polyhydroxyalkanoate (PHA) in 20i1Until today the poor barrier properties of unesht
biodegradable materials have prevented their useim@ducts requiring a long shelf life.
Currently Hycail Finland Oy have developed a neweagation biodegradable PLA material —
Hycail ® XM 102¢, which is ovenable and microwavable and can vatigttemperatures
over 200 °C. Compostable PLA trays to improve shigffor meats and other food products
by absorbing any liquids exuded during storage heeen developédBiodegradable lidding
film Alcan’'s CERAMIS®- PLA with high-barrier properties to seal foodysdfor fresh meat,
sausages, cheese and pasta packaging) has beeiudetll. Presently, biopackaging can be
found almost everywhere on the shelves in Eurogeaermarkets. Supermarket — Sainsbury
in the UK was first who recognized the opportursitier compostable plastics packaging.
Supermarket chains such as Delhaize (Belgium), (petonging to the Carrefour group;
Italy), Albert Heijn (Netherlands) and Migros (Seetrland) are actively placing their trust in
biopackaging As an industry leader in research and developrmkbtodegradable films is
Treofan Company offering one of the broadest prodines for food packaging. Biophan

! 1% European Bioplastics Conference, 21-22 Novemb@62Crowne Plaza Hotel, Brussels. 2006. Source:
http://european-bioplastics.orgésource used on 09.02.2008.

2 2" European Bioplastics Conference, 23 November 2B6f@blished as the place to be of bioplasticssitrgiu

- Berlin/Paris. 2007. Sourcénttp://european-bioplastics.org/index.php?ids6#8ource used on 08.02.2008.

® Biodegradable packaging to grow at CAGR of 22 eetc Packaging Digest, 08.01.2007. Source:
http://www.packagingdigest.com/article/CA649017ihtresource used on 11.02.2008.

*  Hycail launches first transparent, microwavable d anovenable biopolymer.  Source:
http://www.hycail.com/pages/engels/nieuwsen.ht@$ource used on 11.02.2008.

® Compostable tray devised for meat packaging. 20B6urce: http://www.foodproductiondaily.com/news-by-
product/news.asp?id=82700&idCat=0&k=Biopak--meatrP olylactic-Acid resource used on 12.02.2008.

® CERAMIS® PLA High-Barrier films Biodegradable packaging rRd. 2007. Source:
http://www.publications.alcan.com/sustainabilityd@@en/pages/review_7_innovation_casestudies_9.html
resource used on 12.02.2008.

" Packaging. Sourcéittp://european-bioplastics.org/index.php?id=1&3ource used on 08.02.2008.
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films (thickness of 20 um up to 50 fnhave excellent product features: high transparenc
exceptional surface gloss, high stiffness, resistaroil, fat and alcohol, low water vapour
barrier, high water transmission rate. The headlioE PLA properties and application for
cheese packaging have been studied and presentdr iBEC funded framework project
“Biopack” (Plackett,et al., 2006). The market development of biodegradablstipk has
been hindering by their high price. Since 2003gap between conventional petroleum-based
plastics and biodegradable plastic prices has wadaonsiderably due to the price jump of
crude oil and energy as well as growing of bioddghde polymer production capacities.
NatureWorks produced PLA (to compete directly WiET) price is 2.2-1.5 € per kg, while
for PHB Metabolix it is foreseen 1.85 € per kg D08,
The aim of this work is to batch information in geal of the state of the art of biodegradable
polymers for food packaging and to capsule the reeit the studies carried out in Latvia
on suitability of biodegradable polymers. In thebdeatories of Department of Food
technology as well as in the Latvia State Institoke=ruit-Growing, Dobele, the following
tasks of some biodegradable polymer testing fod foplications were performed:
- plasticized PHB films were used for sour cream aakhd with meat and mayonnaise
packaging;
- PLA film influence on the quality indices of ryedad at the storage time and their
suitability for bread packaging was evaluated;
- with the aim to check the published data of bioddgble PLA packaging film special
suitability to provide longer shelf life of fredhuits and vegetables, some in Latvia
cultivated fruit storage were tested.

Materials and Methods

All published data on the studies of biodegradalalekaging materials for food performed in
Latvia University of Agriculture (LUA) were analyde and accordance with them
consequences were drown. In detdile quality of fresh strawberries, black currentsi a
raspberries at the storage time were tested. Trawviserry varieties: ‘Tenira 'and‘ Pegasus’,
which have been commercially grown in Latvia, blaclrrent as well as late-bearing
raspberries, were used for our experiments. Folitgusudies at the storage time the fruits
were packed in polypropylene (PP) trays (210x148rd%) and sealed on the sealing
equipmentPratica with oriented polypropylene (OPP) film with thickss 40um, as well as
the PP trays and Carton boxes as control packagifhgberries were enclosed into pouches
size of 200x300 mmade from biodegradable PLA films thickness of P&6fan company)
and 40pum (MaaG company)All samples were stored in alight showcases apé&rature
+5+2 °C. To evaluate the packaging material infageon the ambience in packaging head
space the gasses composition was measured by ghwean”OXYBABY” ECO. The
moisture dynamics of the berries at the storage tiras determined by sample mass change
weighing on the scales at each day of analyZzlee weight losses were calculated as % of the
initial weight.

Results and Discussion

In the experiments performed at LUA several kindglasticized PHB were tested. The
impact of plasticized PHB comparing with Lean PquPlE covered with light protective
graphite layer films and PS cups of volume 250 sually used for dairy product packaging
were evaluated on the quality indices of sour crednimas been noticed that significant

! European Bioplastics Member. Source: Treofan GmbH http://www.european-

bioplastics.org/index.php?id=35&source used on 10.02.2008.

2 Techno-economic Feasibility of Large-scale Proiductof Bio-based Polymers in Eurgp&uropean
Commission, Directorate-generaloint Research Centre, EUR 22103 EN, Decemi2805. Source:
http://www.biomatnet.org/publications/1944rep.pdfsource used on 06.02.2008.

% Drachman F. // Development in Biodegradable Riagiir packaging, Industry Insights, Intertech PR@O7.
Sourcewww.intertechpira.conresource used on 06.02.2008.
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differences of £ &’ and b~ colour values during storage time for 18 daysteaimong all
sour cream samples packed in different kinds ofenmads; kind of PHB plasticizer slightly
influences L &’ and b- values during storage. Significant differencese¢ondary oxidation
products acetaldehyde, pentanal and 2-methyl-1gmaipcontent among samples storage was
observed as well. In general established that PHBedb polymer films with various
plasticizers (Dioctylsebacate or Bisoflex) might Iseitable for different packaging
technologies of dairy products (Muizniece-Brasa2@06; Muizniece-Brasavat. al, 2006).
The shelf life extension of meat salad in mayorgmoked beef, potatoes, eggs, pickled
cucumbers, salt, and mayonnaise) packed in pounhds from biodegradable commercially
in Brazil produced plasticized PHB (poBrhydroxybutyrate) films thickness of 605 pm
was determined. pH of samples packed in plasticRid& film under vacuum significantly
decreased after 10 days refrigerated storage &C+4A favourable impact of biopolymer
packaging material — plasticized PHB film on tatalor changes of salads at the storage time
has been observed. The growth of micro organismseiat salad in mayonnaise demonstrated
that storage time of salads in a vacuum packagadhgs made from plasticized PHB could
be not more than 10 days (Muizniece-Brasawval, 2007). Treofan Company as producer of
biodegradable PLA films suggest their Biophan filfmsuse in bread packaging because it is
transparent, it allows preserve freshness andigesg of bread products, what is provided by
high water vapour permeability of the material. @periments showed that after 21 days of
storage rye bread samples packaged in environmefigndly PLA material films loosed
22.01-22.80% of their initial moisture contentvesl as moisture loss from sweet-and-sour
rye bread within 28 storage days reached respéct8B@05% and 33.11%. The mentioned
moisture loss is too high and bread becomes stal@eceptable for Latvian consumer. The
results show the optimum shelf life for rye breatkaged in PLA film is up to one week,
when moisture loss is still negligible. For longerm storage materials with better barrier
properties should be used (Straungteal, 2007).In the same way, vacuum-packaged cakes
in PLA film due to its high water vapor permealyiliapidly loses moisture and hardens faster
then control sample in air ambiance, therefore nah be recommended in packaging
technologies for shelf life extension of cakes (khiece-Brasavat. al, 2007).

As an example the dynamics of oxygen and carbowidkoin the MAP packaged black
currents container headspace at the storage tist®ign in Fig. 1.

25 - -0- - PP+OPP / CO2

- -e- - PP+OPP/ O2
-2
&

tvss PP+PLA (40) / CO2

........
.............
‘‘‘‘‘‘

xxxxxx A PP+PLA (40) / 02

—~0— Carton+PLA (40) / CO2

CCand Q, %

g:. ...... oo s T —=a— Carton+PLA (40) / O2

0 3 7 10 14 17 21 25 memOumme PP+PLA (25) / CO2
Storage time, days

@ PP-+PLA (25) / 02

Figure 1. The dynamics of oxygen and carbon dioxidat the storage time in the
headspaces of different containers with packed bl&acurrents
(Latvia State Institute of Fruit-Growing, Dobele)

As the sealing of packages was performed at atneogpear ambiance, the initial content of
CO, was presumed closely to zero and &cording as in atmosphere — 21%. The gas
composition in packages established at the stdnangedepends from the barrier properties of
films used for packaging. As a result of berry’sdthing the C@content in the head space of
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packages has been raised accordinglyc@tent — decreased. The highest,@ontent 18%
have been observed in the PP trays sealed withfiDRRfter 25 storage days. It could be
explained by low C@ permeability of OPP film, which promotes g€@ccumulation in the
packages. The more acceptable concentration gff@Gtorage of berries has been observed
in the carton boxes inserted in PLA pouches thisknef 40um (MaaG company) — 11 to
12% and Q@ — 4%, which could be assessed as adequate tobeiguil modified atmosphere
(EMAP) for minimal breathing of fruits at the stgetime. In the PP trays enclosed into
pouches made from biodegradable PLA films thickn&s&5 pm (Treofan company) the
content of CQ was acceptable, whereag €ntent decreased close to zero, the oxygen free
ambiance could not provide the fruit quality at herage time. The mass of berries packed in
PP trays and sealed with OPP film accordingly td®G#herent moisture barrier properties
does not changes for 21-25 storage days.

Conclusions

A rapid growth of biodegradable packaging materials European countries started
since 2006, the global production capacities ofplaistics will increase six times until
2011. At present PLA is the most widely used biagddgble polymer for food packaging.
The experiments performed in LUA proved about thigability of biodegradable packaging
materials for food application, for all that thepeximent should be followed up.
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PASTEURIZATION EFFECT TO QUALITY OF SALAD WITH
MEAT IN MAYONNAISE
Vita Levkane, Sandra Muizniece-Brasava, Lija Dukal&a

Latvia University of Agriculture, Faculty of Foo@&dhnology,
Liela Street 2, Jelgava, LV3001, Latvia, e-miglkanevita@inbox.Ilv

Abstract

Experiments have been carried out at the Latviaréisity of Agriculture Department of Food Technoto@he
aim of the present study was to investigate effépasteurization regimi®r salad with meat and mayonnaise to
maintain its quality. Salad samples were packedaouum using conventional packagifigns as well as
environmentally friendly plasticized poB+hydroxybutyrate (PHB) and polyactic acid (PLAN# foreseen for
food packaging, applying pasteurizati®o(s vidgVacuum packed salad samples were placed in pewsihe

of 200x300 mm, PHB (thickness 7n), and PLA (thickness 4Pm). Mass of sample 200£1 g in each pouch
from witch substantially all air was removed priorfinal sealing orMULTIVAC A 300/16 Following-up by
thermal treatment in water bat@lifton Food Range(Sous vidg in different temperature +60+0.5 °C,
+65+0.5 °C, and +70£0.5 °C, including warming upot3.0 min, different holding time, and followingfférent
cooling time. The cooling occurred in two stepswvimter artesian well at +10+1 °C temperature fallgaby ice
water cooling at +3+2 °C. The quality of meat salad in mayonnaise deftned by measuring of total plate
count (CFU/g) of micro-organisms; from it were detged optimal pasteurization temperature andedlttnent
process in time. A control sample without any presgves was packed in conventionally used polyglepe
(PP) trays covered with non hermetical. MiBbus videtreatment of meat salad in mayonnaise at ambient
temperature in water bath +65+0.5 °C in total therimeatment time within 50 min, including warmimng

15 min, holding time 20 min and core temperatursashple +63+0.5 °C and following total cooling tite min
does not have influence on the consistency of sakmed cut down the total microbial colony count.
Environmentally friendly packaging films plasticzé’HB and PLA could be successfully used $Saus vide
thermal food treatment at the temperature not hitiren +63+0.5 °C

Key words: salad with meat and mayonnaiS®us videgpackaging, shelf life.

Introduction

The market for ready-to-eat products has becomeagl@€onsumers expect and demand safe,
high quality fresh produce every day. An innovatagproach to packaging that can increase
shelf life of ready-to-eat products is necessarie produce industries for ready-to-eat
products are looking for increasingly to sophidech plastic films packaging to ensure
consistent high quality, protection form injuringnsuring cleanliness, and reducing disease
with ever increasing shelf life (Church, Parsori)®.

The market for different kinds of salads with mayaise has become popular in the recent
years in the Baltic States. Last century in thes@0at kind of salads were popular only in the
coffee-bars, in the 90’s it was possible to findtjaeveral kind of no packed salads on the
market, but in 1996 the first salads in the paakagboxes came at sight at the market
showcases. Packaging boxes were plastic PE oray® with non hermetical lids. The main
idea of salad packaging in the plastic trays cofrega Europe. In 2000's Europe’s idea was
adapted in the Baltic States. Now, in 2008 it isgiole to find in the commercial network
salads in different forms packaged in plastic cioits with non hermetical lids, as well as
salads packaged in vacuum or modified atmospheradSusiness in Baltic States at the
time being is constantly growing and it is a vencaessful one. Assortment of salads in
mayonnaise will continue to grow in the future. kinovative approach to packaging that can
increase shelf life of salads is necessary. Readat products need a preservatives or mild
pasteurization to give them a commercially accdptabelf life (Ghazale, 1998).

The term ‘Sous vidé means “under vacuum” and describes a processicignique whereby
freshly prepared foods are vacuum sealed in indaliggackages and then pasteurized a time
temperature combinations sufficient to destroy vatjee pathogens but mild enough to
maximize the sensory characteristics of the prddu@Galimpin-Johan, 2007; Jang,

! Hyytia-Trees, E., Skytta, E., Mokkila, M., KinnuméA., Lindstrom, M., Lahteenmaki, L., Ahvenainéh,and
Korkeala, H. // Safety Evaluation 8bus VideProcessed Products with Respect to NonprotedBlostridium
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Lee, 2005). General processing steps involvefidas videare preparation of raw materials,
vacuum packaging, pasteurization, chilling/coolinbilled storageé Sous videnas long been
used as a method for cooked catering products améneing quality compared with
conventional methods. TH&ous viddgechnologies for ready-to-eat meals developed theer
last 20 years as food service industry’s need tmine more efficient while simultaneously
satisfying the consumer’s growing demand for highaality in food and food services
(Nissenet al, 2002). Products treated wious videare being increasingly used in the retail
market. UsingSous videghe products offers greater microbiological saféyger shelf life
and flexible storage logistics. Ti®&ous videeconomic benefits include better use of labour
and equipment through centralized production antereled shelf life due to vacuum
packaging, which by excluding oxygen inhibits oxida processes and growth of spoilage
organisms (Pailet al,1999; Rhodehamel, 1992). The shelf life @@us vidgroduct can be
as long as 42 days (Schaffner, Labuza, 1997).

Literature studies concluded that the safetySols videproducts needs to be carefully
evaluated product by product. Time-temperature déoations used in thermal treatments
should be re-evaluated to increase the efficierfcprocessing, and the use of additional
antibotulinar hurdles, such as bio preservativesull be assessed (Waegal, 2004). The
effects ofSous vidgpackaging upon the sensory characteristics okehibreast and of sliced
potatoes in cream both immediately after cooking—80 °C ) and following subsequent
chilling, chilled storage and reheating — higheddrdc scores were associated with higher
flavors and juiciness scores for chicken and witihér flavor and moisture scores for potato
(Church, Parsons, 2000). Salads in mayonnaise @patmmroup of ready-to-eat foods with
high risk and relatively few data have been pullision the survival and growth of spore-
forming bacteria in those products packed by sévpexkaging technologies. Several
guidelines give interpretation of microbiologicahadysis of some ready-to-eat fodds
(Ohosone, 1997), but there is not mentioned, thadd products are salads in mayonnaise. A
novel process for preparing a pasteurized meatagdtable containing salad in mayonnaise
having a long shelf-life under refrigerated storages proprietaryy This process includes
essential steps of acid treatment to pH 4.5 andte855 °C temperature-short time bulk heat
treatment before packaging. US Patent 5114733 1 96fates to a process for preparation of
salad mixture with oil emulsion not requiring amegervatives. Prepared salad is placed in
container and air tight closed, pasteurized undereased pressure, refrigerated and storage
time achieved several weeks. Another finding is Ri8ent 5320856 (1994yvhich informs
about separate independent ingredients specificntilestabilization treatments, cooling and
after combination into the desired complex foodckrtwhich is finally sealed in a package.
The aim of the present study is to investigate éfffiect of pasteurization for each of
21 variants of salads with meat and mayonnaiseni dut the best treatment regime to
prolong the shelf life without hazardous influemeethe quality.

botulinumby Use of Challenge Studies and Predictive Mialagical Models. 1999. Source:
http://www.pubmedcentral.nih. gov/articlerenderifagtid= 91810 &tools =botresource used on 20.05.2007.

! USFDA /I Food Code Annex 6 Food Processing Cate2005. Source: http://www.cfsan.fda.gov/-
arcobat.fc05-a6.pdfesource used on 29.01.2008.

2 Food Safety Authority of Ireland. // Guidelines the Interpretation of results of Microbiologioahalysis of
some Ready-to-eat Foods sample at Point of Sale/idaBece Note No.3, 2001. Source
http://www.fsai.ie/publications/quidance notes/qmui, resourse used on 30.01.2008.

% United States Patent 4191787 1980. // Proces$feparing a Pasteurized Meat-Containing Salad. .1980
SourceAvailable at:_http://www.freepatentsonline.com/4T8T.html; resource used on 29.04. 2006.

* United States Patent 5114733 1992. // ProcesBriparing a Salad Product and an Emulsion Theref6g2.
Source:_http://www.freepatentsonline.com/5114738lhtesource used on 29 04.2006.

® United States Patent 5320856 1994. // Method dfidrComplex Food Articles Having Prolonged Shét-|
1994. Source: http://www.freepatentsonline.com/BEBhtm| resource used on 29.04.2006.
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Materials and Methods

Experiments have been carried out at the Latviavéfsity of Agriculture Department of
Food Technology. The object of research is saldtl wieat in mayonnaise. Meat salads in
mayonnaise produced for a local market were use@xXperiments. The ingredients in the
salads were potatoes, cooked beef, boiled eggkledicucumbers, salt, and mayonnaise
Provansa purchased on the local market. Twentyddfferent types ofSous viddreated and
control samples were evaluated. The details of xatare described in the Tablel.

Table 1
Performed experiments of salads with meat in mayoraise
. Cooling time, min
?am_ Packaging | Packaging Pas:_eun- Heating Hold- By artesi By ice
pie No. material technology zation time, ng yanesian | - \yater
tempera- min time, water (+1-2)
ture, °C min (+1041), °C °C !
1. PA/PE Sous vide 65 15 20 15 0
2. PA/PE Sous vide 65 15 20 5 10
3. PA/PE Sous vide 65 15 25 5 10
4, PA/PE Sous vide 65 15 15 5 10
5. PA/PE Sous vide 65 15 20 5 5
6. PA/PE Sous vide 70 15 20 15 0
7. PA/PE Sous vide 70 15 20 5 10
8. PA/PE Sous vide 70 10 15 5 10
9. PA/PE Sous vide 70 10 10 5 10
10. PA/PE Sous vide 70 15 20 5 5
11 PA/PE Sous vid 60 15 20 15 0
12. PA/PE Sous vide 60 15 20 5 10
13. PA/PE Sous vide 60 15 25 5 10
14. PA/PE Sous vide 60 15 30 5 10
15. PA/PE Sous vide 60 15 20 5 5
16. PA/PE Vacuum - - - - -
(control)
17. PE Air - - - - -
containers | ambiance
18. plasticized | Sous vide 65 15 20 5 10
PHB
19. PLA Sous vide 65 15 20 5 10
20. PLA Vacuum - - - - -
21. plasticized Vacuum - - - - -
PHB

Salad samples wer&ous videpacked in vacuum using conventional PA/PE film and
environmentally friendly in Brazil commercially ptocedplasticized polyB-hydroxybutyrate
(PHB) film pouches, thickness of films wer&+2 um. Polylactic acid (PLA) film foreseen
for food packaging thickness of 404in, was used as well. Salad with meat in mayonnaise
was placed in PA/PE (thickness 20/48n) pouches with barrier properties size of
200x300 mm and sealed by chamber type machine MUATI A 300/16. As a control the
meat salad in mayonnaise without preservativespaaked in traditionally in retail used PE
containers covered with non hermetical lids. Massazch sample was 200+1 g following-up
by thermal treatmentSpus vidg in water bath Clifton Food Range in different mmmature
+60+0.5 °C; +65+0.5 °C and +70%0.5 °C, includingrmveng up 15 or 10 min, different
holding time (10; 15; 20; 25; 30 min), and follogiby different cooling time (10; 15 min).
The cooling occurred in two steps: by water frortesian well at +10+1 °C temperature
following by ice water cooling at +1 to +2 °C. Aftprocessing, samples of each salads were
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stored at +6+0.5 °C. Microbial population in saladgh meat in mayonnaise was assessed in
the next day after packaging and pasteurizatiowrdbiological quality of selected samples
wasevaluated by the methods of the Guidance Note Nif.l8land (2002) They conform
the prepared mixed vegetable salads as well asedookeat belonging to category D,
accordingly acceptable till CFU$6<10". The principal spoilage mechanisms that limit the
shelf life of cooked and processed meat productth@®dient of salad in mayonnaise is
microbial growth. The results were processed byheraatical and statistical methods. Data
were subjected using The Friedman’s test usingtdestical analysis software SPSS 16.0 for
Windows, significance was defined at p<0.05.

Results and discussion

The remaining CFU, § of micro organisms in pasteurised samples of nsedad in
mayonnaise (cooked beef, potatoes, boiled eggklepiccucumbers, and mayonnaise)
accordingly Table 1. is showed in the Figure 1.

N
o

-1

lg CFU, g
COPLPENNWWARMTIOIOO®D
QUIoUIoOoUIoOoUITOUIOUIO O

\
\
R AR R R A

S e M M T T M

SSS%%%%%%%‘%%SSSSSSS%
\
\

[ IIIIIII‘III TITTT

1 2 3 456 7 8 9 1011121314 1516 17 18 19 20 21

Number of Samples

Figure 1. The total plate count values of salads

The horizontal line in the Figure 1, according ke tguidelines from the Note No. 3 of
Ireland (2002)represents the acceptable maximum number of badtgrCFU, §'<7).

The results of Friedman’s test showed that theeenat a significant difference between the
samples 1 to 15; 18 and 19 (P>0.05), while theedsfice exists between previously
mentioned and samples16; 17; 20 and 21 (P<0.0%. ldlvest CFU could be reached
applying theSous viddreatment at the temperature in the water bat8.50°C (samples 6
to 10, Table 1), nevertheless consistence and cofgquroduct has beerhanged, and it is not
attractive point for consumers. Applying pasteursatemperature +60+0.5 °C in the water
bath the remaining CFU is higher (samples 11 to Thg besSous videghermal treatment
regime could be suggested using ambiance temperiattine water bath +65+0.5 °C (samples
1 to 5, Table 1). In this case the consistencelafds has remained similar to fresh prepared
product before pasteurisation. This process induitie essential steps of meat-containing
salad with mayonnaise packaging in individual pas;tHrom which substantially all air has
been removed prior to final sealing of containdadlowing-up by thermal treatment of
hermetically sealed pouches in water bath at amkiemperature +65+0.5 °C in total
treatment time within 50 min, including warming d® min, holding time 20 min at
pasteurization temperature in the core of samp&t@% °C and following cooling withit5

! Food Safety Authority of Ireland. // Guidelines the Interpretation of results of Microbiologioahalysis of
some Ready-to-eat Foods sample at Point of Saliela@ce Note No.3, 2001. Source
http://www.fsai.ie/publications/guidance_notes/gm. resourse used on 30.01.2008.
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min. The cooling occurs in two steps: by water frartesian well at +10+1 °C following by
ice water cooling at +(2) °C. Experimental data proved, that environméntéiendly
packaging films plasticized PHB and PLA (samplestf 19) could be successfully used for
Sous videthermal food treatment at the temperature notdrighan +65+0.5 °C and the
pasteurization effect is similar than using conieral packaging films. The total count of
micro organisms in salads packed in not hermeyicdtised PE containers at air ambiance as
well as in vacuum packed pouches was Ig CFU>§ (samples 16 and 17).

Conclusions

Mild Sous viddreatment of meat salad in mayonnaise at amldg@nperature in water bath
+65+0.5 °C in total thermal treatment time withi@ &in, including warming up 15 min,
holding time 20 min and core temperature of sampig+0.5 °C and following total cooling
time 15 min does not have influence on the consistericyatads and cut down the total
microbial colony count. Environmentally friendly giaging films plasticized PHB and PLA
could be successfully used f8ous videghermal food treatment at the temperature notdrigh
than +65+0.5 °C.
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Abstract

Ostrich commercial rearing is new in Latvia agriaté. The first several ostriches were introducetatvia ten
years ago. Presently the largest ostrich’s farred@rated in east part of Latvia, mainly in regafnJekabpils.
The task of this study was to start with batchifighe information on several methods of ostrichdsetn-eat
making and secondly — to develgpus videmild cooking method with the aim to apply it fostoch meat
ready-to-eat preparation with better quality anolgmged shelf life. The information in the scieiatifiterature
as well as in website proved thstus videcooking technology for the time being has not beyeplied for ostrich
meat ready-to-eat preparation. Bullocks’ tenderfminchased at the local market as cheaper and simoilar to
ostrich meat was chosen to specify the prelimireeriments. In our experiments has been foundSbhas
vide thermal treatment improved the microbial stabildf bullocks’ tenderloin during 20 days storage at
+4.0+0.5 °C.

Key words: ostrich meatSous videpasteurisation.

Introduction

Ostrich commercial rearing is new in Latvia agriaué. The first several ostriches were
introduced in Latvia ten years ago. Presently éingdst ostrich’s farms are located in east part
of Latvia, mainly in region of Jekabpils (HorbacukR905; Zdanovska, 2005). Ostrich meat is
lean, tasty and healthy a highly nutritious red mafathe future. The global demand for
ostrich meat has escalated with the internatioredt towards healthier eating, as it is
virtually fat free and low in calories and cholastéout very rich in proteinThe ostrich meat

is low in cholesterol (just 0.062 g per 100 g melaty in fat (less than 0.2%), low in Joules
(387000 J per 100 g of meat), reach in protein5®&), iron (3.2 mg per 100 g meat) and,
absolutely reach in taste. The world’s foremostpsiep of quality ostrich meat in South
Africa and internationally Klein Karoo offers toetlwholesale trade and to consumers a wide
range of raw semi-manufactured ostrich meat. Thange includes prime fillet, steak,
goulash, mince, sausages, kebabs, marinated ogiraciucts, spice sprinkled ostrich meat
products, smoked fillet and a variety of cold dekats Cuts are vacuum sealed in bags of
500 g in each pack before being packaged. Meaxpsreed fresh, frozen as well as pre-
cooked to accommodate out-of-season demand (Kakde)n Karoo ostrich meat is ideal
choice for the weight conscious. Sportsmen, spamnsen and people with an active lifestyle
benefit greatly from the high ostrich meat iron t®m. The low fat content of ostrich meat
results in slightly drier meat. Salt and seasomirayvs moisture therefore the meat could be
seasoned after sealing. The perfect ostrich filbetsteak is pink to rare, moist and tender.
Ostrich meat will become dry if overcooked or waidine (Karoo). As a new industry there is
a lack of supporting data as it relates to ostrilt, the principles are the same as for other
comparable mainstream meat specie (Khalifa). @stheam" and a control pork ham product
were prepared by a traditional ham cure, and Pal@lsage products were formulated with
either all-pork or a 67% ostrich/33 % pork blendi gsrocessed with a commercial spice
blend. Results of experiments indicate that valdeged ostrich meat products were more
acceptable when they were more finely ground, shiaed combined with pork in a sausage
product than when they were prepared as a "handugtdMcKennzet al, 2003). Previously
frozen ostrich meat was evaluated over 28 dayseterahine the refrigerated shelf life and
consequence has been drown that, vacuum-packatygchaseat stored under refrigerated
conditions should be used within 10 days (Otrembal, 1999).Quality characteristics and
storage stability of three types of burgers pregpawith ostrich meat (alone or mixed with
pork or beef meat) were evaluated. Burgers formadlatith ostrich and pork meat had a
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faster oxidation rate and became more oxidized thamthers (Fernandez-Lopetzal, 2006).
Three different formulations for sausages were gmeqgh two of them from different ostrich
muscles, one — from beef meat. Physical, chemaral, sensory analyses improved that the
ostrich meat formula reached the highest generalityuscores in the sensory evaluation
(Ferndndez-Lopert al, 2003). An ultra-high pressure treatment was usechodify the
commercial ostrich meat product “Yor” (Thai saugage Ostrich meat sausages (yor) were
subjected to ultra-high pressures of 300, 500 &@MPa for 40 and 60 min at 40 and 60 °C.
Subsequently the physical properties of the prajwailour, released and expressible water,
gel strength and stress relaxation as well as tieirmal characteristics (by differential
scanning calorimeter, DSC) were determined. Thecedf of pressure, temperature and
holding time significantly influenced the’, a andb™ values well (Chattongt al, 2007;
Supavititpatanat al, 2007). In July 2002 in Turkey an Ostrich meatcpssing plant was
started to build with a capacity to process 65 ésnper day — the assortment foreseen to
produce are steaks, sausages, salami, roastecanteatessed spicy meat (Ostrich2002).
Nowadays consumer demand refrigerated conveniealsirgrocessed using a brief/mild heat
treatment. This demand has led to a growth in fh@ieation of Sous videand cook-chill
processing technologies to extend the shelf lifg tankeep the quality of raw materi&ous
vide and cook-chill pasteurized, refrigerated readg#ébfoods were introduced in about 1970
by Georges Pralus in France as a more conveniedtdption than frozen food for the food
market. Raw food maintains good quality for a feaysl while pasteurized foods are
acceptable for up to 90 days, or longer if predarga such acid and salt are used. Translated
directly from Frenchsous videmeans “under vacuum”. In the culinary world therteefers

to a French cooking method in which fresh ingretliesre cooked in air tight (vacuum-
sealed) plastic bags in hot water bath (Sous vid2008). The food maintains maximum
flavour because it is slow cooked for an extengpeziod of time at a relatively low
temperature below water boiling point. From an gsial of the conventional process for
cooking Korean seasoned beefs@us-videprocessing method was developed that offers
convenience and storage stabiliBous-videpackaging resulted in better sensory quality and
storage stability compared with the conventionathod (Jang JaeDeodt al 2005). The
sous-videpackaging was effective in protecting the prodwom microbial, physical, and
sensory quality degradation. In most countriesdfowustry and retail food establishments
are required to comply with the published guidedirecommendations for microbiologically
safe production, distribution, and sale of readygat, refrigerated foods (Junegaal 2007).

In Europe, recommendations, guidelines, and cotlpsastice (ACMSF, 1995; ECFF, 1996;
Martens, 1997) have been developed to ensure thepsaduction ofSous vidgoods with
respect to preventing growth and toxin productign fonproteolitic C. botulinum The
assurance of microbiological safety is a key fagtathe success of cook-chill agbus vide
processed food products. The time and temperatamebinations recommended by the
European Chilled Food Federation (ECFF 1996) wé&e@ for 270.3 minutes, 85 °C for
51.8 minutes, 90 °C for 10.0 minutes, 95 °C for@iutes, and 100 °C for 1.0 minute. Cook
chill, sous videand vacuum packaging are common forms of reducsdem packaging
(ROP) that occur in retail food establishments. Task of this study was to start with
batching of the information on several methodssifioch ready-to-eat making and secondly —
to developsous videmild cooking method with the aim to adapt it f@trich meat ready-to-
eat preparation with better quality and prolondeelfdife.

Materials and Methods

Bullocks’ tenderloin purchased at the local mar&stcheaper and more similar to ostrich
meat was chosen to specify the preliminary expeartmeThe sous videprocess is a
pasteurization step that reduces bacterial loadisbuot sufficient to make the food shelf-
stable. The process involves the following stepsparation of the raw materials (this step
may include partial cooking of some or all ingreds); packaging of the product in plastic
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shrink film pouches thickness of 0n, 250 gram in each,
application of vacuum, and sealing of the packagelamber
type machine MULTIVAC A 300/16, vacuum level 99%;
pasteurization of the product for a specified anohitored
time/temperature water bath “Clifton Food Rangeg(Fe 1)
at ambiance temperatures 9G for 45 to 60 minutes, by
4 using full water immersion; rapid and monitored loop of
ath the product at or below 4 °C and reheating of thekpges to
" a specified temperature before opening and service.

All vacuum packed and pasteurised samples weredstor

Commercial Freezer/Cooler ELCOLD at temperature
+4£0.5 °C controlled by MINILog, Gresinger electromiz 20 days.Samples were analyzed
before packaging (on 0 day) and after 8 and 2(gedays. pH values of the samples were
determinate by METTLER TOLEDO MP120 pH-meter, meament ranges pH 0.00 to
14.00. Cooking losses were determined by weighiegsamples before and after cooking at
each experimentally chosen treatment. The tendemfesooked meat was characterised by
compressibility of samples in N before and afteoking as well as at the storage time was
determined by the Stable Micro Systems TA.XTplusxtliee Analyser, test method
compression: pre-test speed 1 mm/s, test speed/4, paost test speed 10 mm/s, target mode—
distance 10 mm, trigger type — auto (force), trigipece 0.2 N. At the storage time microbial
Growth dynamics of total aerobic mesophilic baetevias investigated in the row, marinated
and pasteurised meat samples. Microbiologicalrtgsivas carried out using colony count
method in accordance with Latvian standard Ltd. LMSO 7218:1996 and
LVS ISO 21528-2:2004.

Figure 1. Water b
“Clifton Food Range
with samples

Results and Discussions

The information in the scientific literature as e in website proved thabus videcooking
technology for the time being has not been apgbedstrich meat ready-to-eat preparation.
Microbiological and sensory changes are the mauses of quality decrease of cooked meat
and poultry products during cold storage. Heat @sses forsous videor cook-chill
operations should be designed so that, at a mininalinvegetative pathogens are destroyed
by a pasteurization process. Special labelling hefsé products is necessary to ensure
adequate warning to consumers that these foodsbrustrigerated at 5 °C and consumed by
the date required by the Code for that particutadpct (U.S. Department ,.2001). The
initial total microbial count of bullocks’ tendeifowas 1.3x18 which decreased till 3.1x30
during marinating 12 hours. Changes in the numifenioro organisms during storage of
sous videprocessed bullocks’ tenderloin are shown in Figin2our experiments has been
found that sous videthermal treatment improved the microbial stability bullocks’
tenderloin with little microbial growth during 20ags storage at +4t0.5 °C. The cooking
time in the water bath influenced the intransiemdrabial count as well. The low temperature
storage gave thsous videprocessed product the enhanced storage stabiitiuture more
extensive studies would be needed to obtain aerleéarage of bacterial stability and safety
for the ostrich meat as a function of added ingret$i, storage temperature and heat
processing conditions. Initial meat pH value averags 5.6480.04. The pH of product at
the marinating process by the presence of citrid a@s decreased slightly to 5.22604,
still at the cooking time it again reached theiahilevel. The pH value at the storage time did
not change noticeably due to time of storage.
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Figure 2. The effect ofSous vide cooking time on total aerobic bacterial count of
bullocks’ tenderloin during 20 days of storage at 4.0¢0.5 °C, the temperature in water
bath 90 °C

The data obtained in this study revealed the iseréa duration of cooking time increases
cooking losses from 30.5% if cooking time was 3(ues to 37% — cooking time 45 to

60 minutes. It has been observed that cooking $odserease of 15 to 20% during storage
time as a result of juice absorption at low tempem The cooking losses at the frying or
rousting process reached about 50% and remainedacdrat the storage time.
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Figure 3. The effect ofSous vide cooking time on the compression force of bullocks’
tenderloin during 20 days of storage at +440.5 °C, the temperature in water bath 90 °C

The changes in tenderness characterised by conmrdesce (N) as indicator of readiness of
the meat is shown in Figure 3. It is concluded ti@iking time at temperature 90 °C at the
water bath significantly decreased the compredsiare from 367.%223.0 to 243.627.0. The
least compressing force is found for fried meatyédner in this process the cooking losses are
highest and meat is not juicy.

Conclusions

Sous videcooking technology for the time being has not bagplied for ostrich meat ready-
to-eat preparation.
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In future more extensive studies would be neededbtain a clearer image of bacterial
stability and safety to use thsous videtechnology for the ostrich meat ready-to-eat
preparation as a function of added ingredientstag® temperature and heat processing
conditions.
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Abstract

Good quality is one of the main problems in eveigge of freezing berries. On the basis of worket ou
functional analysis of freezing, it is possibleofatimize regulation possibilities of heat procedses particular
kind of berries. Raspberries, red currants andkidacrants were used in the research. 10.0 cm thibkfrozen
berry layer was chosen for studying the freezimmcess. The freezing dynamics of berries is chaniaetk by
temperature measurements in a layer and on itacgirAs a result of the research the developegewrarit for
the measurements of heat flow are approbated.nédgssary to investigate suitability of differenttivars to
freezing and influence of freezing to quality ofdl product. Experimentally verified results wiglp to explain
and predict physical processes in berries duriegzing.

Key words: freezing, temperature, berries, heat transfer

Introduction

Freezing as a physical process is connected wadugts inner moisture transforming into
ice as the result of the temperature diminishindeurthe freezing point. With the decrease of
temperature the chemical and microbiological preessn the product slow down. Therefore
for each kind of product appropriate conditionsén&w be chosen for freezing, as also the
state of products before freezing has to be takém ¢onsideration to diminishing to the
minimum the harmful influences on their quality.

Freezing has to be done quickly. But one shoulcbretestimate the benefical influence of a
high rate of freezing on the quality of the produ€etperience shows that only few products
demand very quick freezing. They are fruit andibsrwhose quality is largely influenced by
the freezing rate (Kampuse, 2003). The freezing, niatits turn, is essentially influenced by
the temperature of heat dissipation into environimére thickness of the product layer and
the heat release coefficient. The research deubismost attention to the heat release
coefficient. With the decrease in temperature aftliissipation into environment, freezing
time shortens almost proportionally but the fregzexpense increases. The heat release
coefficient at a relatively thin product layer dimishes the freezing time.

Water disappearing in the biological system durihg temperature decrease changes the
thermo-physical properties of the product. The mam almost the only reason for the
changes of thermo-physical properties in the pro@uthe transformation of the free water
into ice, because water and ice possess diffenentnio-physical properties.

When freezing foodstuff, changes in their physidamical and biochemical properties are
individual and depend on the nature of the produnct the freezing process conditions but
basically there are great similarities. The aimthe research is to study the heat transfer
processes during freezing of berries grown in laatvi

Materials and Methods

Research object: fresh and frozen raspberries,coerhnts and black currants grown in

Latvia. Specific cultivars were chosen with alreatited chemical content. Two cultivars of

red currants were used in the experiments (cufraatirant-2).

Actual berries freezing temperature was —20. °C, the layer thickness was 100 mm. For
the determination of the layer density weight-vobumethod was used. For experimental
heat flow research, the equipment for heat flowsueament at the Department of Physics of
Latvia University of Agriculturel(LU) was used. It consists of a horizontal freezingncher
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with a steady temperature (-30 °C) and a compw@eéngireless measuring system with heat
flow sensors and thermocouples for temperature nneaments (Figure 1).

/4/1 2 5

Figure 1. Scheme of the experiment for determininghe heat conductivity

coefficient of frozen berries
1 — berry sample, 2 and 3 — metal plates, 4 —-osdosheat flow measurement, 5 — thermo-isolativagerial

During the project, the machine was adjusted tosmeathe heat conductivity parameters of
frozen berries samples. For this task, a sampléehalf thermo-isolating material was made.
The measurements are performed, placing frozemesdanto a foam sample holder which is
placed inside of the cold chamber. Under the samiplkerries, there is a 0.3 mm metal plate
placed for the insurance of the continuity of thamperatureT;. It is fixed by the
thermocouple. Straight above the sample, anothéalrp&ate is placed for the keeping and
the fixing of the continuity of the higher tempeana T;s. On the warmer metal plate,
symmetrically to the sample, the heat flquneasuring sensor is placed. Above the “warmer”
plate and the) sensor, an additional plate of thermo-isolatingemal is placed to supply a
negative temperature for the sample.

Results and Discussion

The research shows that the influence of the teatyes has to be differentiated — if one can
ignore the influence of the teperature on the sjeoeat and heat conductivity of fresh fruit,

then regarding the enthalpy of frozen products,témeperature is one of the main factors.
After the placement of the sample, fast changeedaiperature (Figure 3) and heat flow
(Figure 4) in time period can be observed. It $i#ds in approximately 1000 minutes (~16
hours). With this, we can consider that statiort@rpperature distribution in the sample is
set. At the stationary temperature distributiondtgnge takes place in one dimension. In
figure 2 heat flow through the sample is describgdhe Fourier equation:

oT
A=A 1)

where:
q — heat flow, W/
A — heat conductivity coefficient, W/(i);

Z—T — temperature gradient, K/m.
X
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This leads to the heat conductivity coefficientlu# layer:

~gox__ad )
T T,-T,
where;
d — thickness of the sample, m,
T, — the lowest temperaturi,
T3 — the highest temperatufi.

A X
x=d

x=0

T3 T
Figure 2. Distribution of temperature in the samplein a stationary situation

Data of the temperature distribution and heat fédter the set of stationary distribution with
sample thicknesd=0.1 m are used in the calculations. Results arerarized in the Table 1.

Table 1
Thermo-physical parameters of berries
No. | Sample type p, kg/m® A, W/(m K)
1 Curran-1 55¢ 0.08¢
2 Currant-2 610 0.087
3 Black currant 438 0.072
4 Raspberry 419 0.079

The research proved that the increase of the ptadio&ness over 20 cm and the increase of
the heat release coefficient above 90 W/(€) almost do not influence hastening of the
freezing process.

As the research showed (Kampuse, 2003), cell d#&iruis obvious in raspberries, i.e.
berries with thin parenchyma walls and big intdwdal space. These berries contain 84—89%
water and 5-10% sugar of the total weight. It pregadhe formation of big ice crystals. It is
especially important to take into consideration thepplying of reversibility of the
technological process. It was observed that inhth&t processing of whole cells, the most
important change of initial consistency is in trenetrability of the cells membrane.

The products temperature conductivity increasel ig# crystals forming. So simultaneously
specific heat diminishes and heat conductivity éases. The decreasing temperature of the
products and growing of temperature conductivigpstwith ice forming finishing. Analyses
of professional literature (Skrede, 1996) and twuiits of the experiment enable to conclude
that the transformation of water into ice is onéh&f most important aspects of freezing.

All these factors are taken into consideratiorhim tesearch. The most attention is paid to the
heat release coefficient. With the decrease of &raipre of the heat dissipation into
environment, the length of freezing shortens alnposportionally but production expenses
increase. The determination of the precise free@ngperature for each product type allows
one to create conditions for the effective useeghhological process in temperature ranges
where the most unfavourable quality changes affgdtie berries take place. In temperatures
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below the freezing point, its influence on fruitahghysical indicators cannot be taken into

consideration.
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Figure 3. Change of temperature of the raspberry saple surfaces

In the heat calculations of the freezing procdss,determined heat of the frozen products is
used with the latent heat of ice formation (War@QQ). In technical calculations, the ice heat
conductivity coefficient is asummed 2.22 — 2.33 WK).
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Figure 4. Change of heat flow through the raspberrysample
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The heat conductivity coefficient of foodstuff caimting 70-80% water including fruit and
berries is determined by the general formula. Oytire research, evidence for the hypothesis
on the ruling role of the temperature in the fregziprocesses was established. Also
discoveries and new information was gained on tleezing processes that are mutually
interconnected. It secures scientifically practicalidence for some technological
developments of qualitative improvement in bergefzing methods and their usage range.

Conclusion

1. The lower the temperature of the heat dissipatm €nvironment and the higher is heat
release coefficient, the shorter is freezing time.

2. The rate of freezing is essentially influenced by temperature of the heat dissipation
into environment and the heat release coefficient.

3. The increase of the heat conductivity of the praodycthe decrease of the temperature is
practically over when the water begins to turn ict
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Abstract

The aim of this study was to compare chemical caitipm of aroma extracts of blackcurrant buds. Damin
buds of six blackcurranR({bes nigrumnlL.) cultivars grown in Lithuania were collectedtite experimental field
of Lithuanian Institute of Horticulture in Februa2906. Aroma extracts were isolated from the frozeds in a
Likens-Nickerson micro-steam distillation/extracti@pparatus using cosmetic fluid CF-61 as an etidrac
solvent. The extracts of volatile compounds weralysed by gas chromatography with flame ionisatod
mass spectrometry detectors. The aroma extracts mamly constituted of aliphatic and oxygenatepdaes
39-46 % and 35-38 %, respectively. Blackcurranticals according to the main essential oil compa,nd
namely sabinene,d-3-carene and terpinolene were classified into ttieee chemotypes. Other
guantitatively important compounds detected in aomxtracts werep-caryophyllene, g-phellandrene,
cis-p-ocimene, y-terpinene, terpinen-4-ol and limonene. (+)-2-Carefi-2,3-epoxycarene, 1,9-decadiyne,
cyclohexylethylacetatecis- and trans 1-methyl-4-(1-methylethyl)-2-cyclohexen-1-gb-mentha-1,4-dien-8-ol,
B-selinene, 4-phenyl-1,3-thiazole, germacrene D-&al aromadendrene oxide were reported in blackourr
buds for the first time.

Key words: Ribes nigruni., volatile compounds, cosmetic fluid

Introduction

Blackcurrant Ribes nigrumlL.) is a shrub growing wild in the cold and tempgeralimatic
zones in Asia, Australia and Europe. The most irguarindustrial product of blackcurrant
are berries, however leaves and buds have alsa feome applications. They are used as a
raw material for the food and cosmetic industries tb the characteristic colour and excellent
flavour (Del Castillcet al, 2002; Piryet al, 1995).

Berries are the most important products of bladksurshrub. They are used to prepare juice,
jams, liquors, sorbets, ice cream, etc. (Del dasti al, 2002; Le Queret al, 1990). The
volatile fraction of berries consists of more that50 aroma compounds
(Varming et al, 2004); therefore berries have also been used pexrfame enhancer (Le
Quereet al, 1990; Griffithset al, 1999). However, the most important raw materafls
blackcurrant for the isolation of flavour substam@e dormant buds, which are harvested
from blackcurrant canes during the dormancy pefidy et al, 1995; De Toro, 1994).

The aim of this study was to compare chemical caitiom of aroma extracts of blackcurrant
buds isolated from six plant cultivars in Lithuamjeown by Likens-Nickerson micro-steam
distillation/extraction apparatus. Simultaneousastedistillation/extraction method has been
applied for the isolation of aroma compounds sih®64 (Likens and Nickerson, 1964), by
using various solvents, particularly such organiw boiling chemicals as diethyl ether and
pentane. In our study we selected quite new saglveatcalled cosmetic fluid CF-61
(methoxynonafluorobutane), which is clear, colosslefast drying substance with boiling
point of 61 °C. Cosmetic fluids possess weak odthey are environmentally favourable
fluids offering a unique balance of properties.

Materials and Methods

RAW MATERIALDormant buds of six blackcurrarRipus nigrumL.) cultivars Joniniai,
Almiai, Gagataj Ben Alder Ben NevisandBen Lomondere collected in the experimental
field of Lithuanian Institute of Horticulture (LIHpn 2F' February, 2006. The buds were

84



FOODBALT 2008

stored in a freezer before extraction. Cosmeticd fIGF-61 (methoxynonafluorobutane)
(3M, Saint Paul, Minnesota, USA) was used as araetxbn solvent.

STEAM DISTILLATION-SOLVENT EXTRACTION (LIKENS-NIBSBN).Approx. 5 g of
dormant buds were placed in a LikeNsckerson micro-steam distillation/extraction
apparatus together with 500 ml of glass-distilleatev;, 60 ml of CF-61 were used as the
extraction solvent. The samples were extracted Zorh. Volatile compounds were
concentrated to 0.2 ml in a Vigreux column by pogggentle nitrogen steam. Two replicate
samples were extracted from each cultivar ant teaets were stored in a freezer before a
further analysis.

GAS CHROMATOGRAPHY ANALYSIS

Gas chromatography and mass spectrometry (GC-NIBg. GC-MS system consisted of a
Clarus 500 gas chromatograph (PerkinElmer, USA)jppga with a mass selective detector
Clarus 500 (PerkinElmer, USA) and automatic injecidve separation was performed using a
non-polar fused silica capillary column Elite—5 (3%0.25 mm i.d. 1.@um film thickness).
Mass spectra were obtained by El at 70 eV. Oveméeature was programmed from 60 °C
to 250 °C (5.0 min hold) at 3 °C/min. Injection vole was 0.5ul at 1:100 split. The
temperatures of the injector and detector were 250 The samples were analyzed in
duplicate.

Gas chromatography with a flame ionization dete¢@®C—FID). GC analysis was carried out
on a VARIAN 3900 gas chromatograph (Palo Alto, foafiia, USA)equipped with a flame
ionization detector (FID) and automatic injectoheTseparation was performed using a non-
polar fused silica capillary column DB-5 (50 mx0.3& i.d. 0.52um film thickness). Oven
temperature was programmed from 100 °C to 250 °C if&in hold) at 2 °C/min. Injection
volumes were 1.Ql at 1:10 split. The temperatures of the injectod a@etector were 250 °C.
The samples were analyzed in triplicaléhe amount of the individual compounds was
expressed as a GC peak area percentage.

Results and Discussion

The compounds were identified by using GC-MS, wittike content of separated components
was measured by GC—FID. The identified in aromaaeks compounds constituted more than
93 % of the total integrated GC peak area of eatiae. The compounds were identified by
comparison of their KI relative tos€C;g n-alkanes, obtained on a non-polar DB-5 column
with those provided in the literature (Adams, 2Q@k) comparison of their mass spectra with
the data provided by NIST data system and liteeatsources (Le Queret al, 1990,
Piry et al, 1995).

In general, it was found that aliphatic (39-46 %)l axygenated terpenes (35-38 %) were
major fractions in blackcurrant bud aromatic exisadhe content of aliphatic mono and
sesquiterpenes was 26—-30% and 11-17%, respectveailg the amount of oxygenated mono
and sesquiterpenes was 25-28% and 9-11%, respgctive

The most abundant volatile compounds in blackctirbards were monoterpenes sabinene,
0-3-carene and terpinolene. It was observed thakblarant cultivars analyzed in this study
according to the main compounds in aroma extracky fme classified into the three
chemotypesJoniniai, Almiaiand Gagataiwere defined as cultivars biosynthesising sabinene
(34-48%) as a major essential oil constitu®@dn Alderand Ben Nevisvere assigned to a
second group, which is characterised by a high amotis-3-carene (approx. 35%) and
terpinolene (21-23%); whilBen Lomondontained remarkable amount of the all three major
terpenes, sabinen&;3-carene and terpinolene (35%, 16% and 12%, ré&éspBg; therefore
this cultivar was attributed to a separate chen®{fgure 1).
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Figure 1. Major compounds of blackcurrant bud aromaextracts

Other quantitavely important compounds in aromaaexs of buds wer@-caryophyllene
(4-19%), B-phellandrene (1-9%Jis-B-ocimene (1-9%)y-terpinene (1-9%), terpinen-4-ol
(2-12%) and limonene (1-5%). The highest amountallo€ompounds listed above were
detected irAlmiai (2—-6%) andGagatai(2—14%) cultivars (Figure 1).

o-Thujene, a- and pB-pinene, myrcene, (+)-2-careney-terpinene, trans-p-ocimene,
a-terpineol,a-humulene, germacrene D and several other compownads identified in the
blackcurrant bud aromatic extracts (Table 1). Saiens-3-carene, terpinolene- and 3-
phellandreney-terpinene 3-caryophyllene, terpinen-4-ol, germacrene D, biogermacrene
and spathulenol were reported previously as theomapmponents in dormant buds of
blackcurrant (Pinet al, 1995). All these compounds were found in the amsysed in our
study, except for bicyclogermacrene. To the best oof knowledge, (+)-2-carene,
B-2,3-epoxycarene, Cis- and trans1l-methyl-4-(1-methylethyl)-2-cyclohexen-1-ol,
1,9-decadiyne, cyclohexylethylacetate, p-menthadiga-8-ol, B-selinene, 4-phenyl-1,3-
thiazole, germacrene D-4-ol and aromadendrene owedee not previously reported in
blackcurrant buds (Le Queet al, 1990, Piryet al,, 1995).

Table 1
Composition of blackcurrant bud aromatic extracts d 6 cultivars, %
. . . | Ben Ben Ben

Compounds Jonininiai | Almiai Gagatai Alder Nevis Lomond
a-thujene 1.34+0.08 | 1.08+0.06 | 2.82+0.24 | 0.13+0.01| 0.34+0.02 | 0.71+0.20
a-pinene 0.87+0.08 | 2.37+0.02 | 1.18+0.04 0.51+0.08 0.96x0.04 0.81+0.06
B-pinene 1.71+0.07 | 3.20+0.04 | 2.37+0.55 2.67+0.05 3.06+0.10 3.20+0.23
myrcene 0.93+0.06 | 2.31+0.01| 1.27+0.06 0.14+0.01L 0.89+0.03 0.55+0.06
(+)-2-carene nd nd nd 0.36x0.11] 0.36+0.01 0.17+0.10
a-terpinene 1.22+0.03 | 1.68+0.20 | 4.31+0.11] 0.67+0.04 0.07+0.04 1.74+0.52
trans-B-ocimene 1.23#0.03 | 1.15+0.02 | 1.20+0.03] 2.75+0.04 2.79+0.17 1.32+0.0y
a-terpineol 0.13+0.01 0.10+0.02 nd 0.11+0.01  0.25+0.0®.08+0.02
o-humulene 4.53+0.34 | 2.33+0.08 | 4.93+0.15 2.34+0.08 0.54+0.07 1.96+0.8b
germacrene D 3.31+0.23 | 1.15+0.03 | 3.87+0.15 3.27+0.0f 1.44+0.13 1.27+0.60
spathulenol 2.17+0.00 0.48+0.01] 1.53+0.18 1.50+0.04 0.17+0/0346£0.12
camphene 0.05+0.00 | 0.34+0.00| nd 0.12+0.0] 0.13+0.01 0.06+0.01
a-phellandrene 0.15+0.00 | 0.81+0.02 | 0.65+0.02] 0.45:0.14 0.42+0.01 0.38+0.08
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S - . | Ben Ben Ben
Compounds Jonininiai | Almiai Gagatai Alder Nevis Lomond
p-cymene nd nd 0.53+0.02| 0.12+0.00 nd 0.21+0.06
cis-sabinene hydrate | 0.70+0.02 0.43+0.05 0.67+0.05 0.09+0.01 0.22+0)0261£0.12
trans-sabinene 0.8440.03
hydrate 0.51+0.06 | 1.24+0.62] 0.20+0.01 0.16+0.01 0.67+0.11
p-2,3-epoxycarene nd nd 0.92+0.11| nd 0.06+0.02  0.03+0.00
trans-1-methyl-4-
(1-methylethyl)-2- 0.59+0.02 0.55+0.03 | 0.76+0.10] 0.27+0.00 0.35+0.06 0.57+0.09
cyclohexen-1-ol
cis-1-methyl-4-(1-
methylethyl)-2- 0.26+0.03 | 0.37+0.02 | 0.55+0.08 0.56+0.08 0.70+0.11 0.40+0.08
cyclohexen-1-ol
Q_Z}e”tha Lo-dien Joors000 | nd 0.51+0.01| 0.42:0.04 0.12+0.01
p-cymen-8-ol 0.28+0.01 0.34+0.01 | 0.53+0.03] 0.20+0.08 1.20+0.19 0.26x0.0b
cis-piperitol 0.08+0.03 0.14+0.02 nd nd 0.07+0.02 0.11+0.03
trans-piperitol 0.04+0.00 | 0.08+0.01 | nd 0.11+0.0] 0.04+0.01 0.07+0.01
1,9-decadiyne 0.04+0.00 0.16+£0.01 nd 0.58+0.06 0.18+0.03 0.1820.0
Cyclohexylethyla-
cetate nd 0.05+0.00| nd 0.27£0.01 0.39+0.15 0.15+0.02
bornyl acetate 0.13+0.02 1.06+0.07 | 2.22+0.22] 0.12+0.00 0.27+0.07 0.19+0.08
E_{ﬂ entha-L4-dien 1 0.07:0.02 0.15+0.01 | nd 0.24+0.01] 0.34:0.19 0.09+0.01
terpinyl acetate 0.56+0.03 0.17+0.00 | 0.75+0.00f 0.50+0.02 0.33+0.10 0.31+0.06
citronellyl acetate 0.20+0.01 | 0.13+0.00 | 0.67+0.31] 0.20+0.02 0.36+0.16 0.17+0.08
neryl acetate 0.15+0.01 | nd nd nd 0.28+0.10  0.07+0.01
p-elemene 1.10+0.09 | nd 0.74+0.13| 0.38+0.01 0.10+0.03 0.25+0.09
v-elemene 0.17+0.00 | nd 0.34+0.01| nd 0.03+0.00  0.14+0.03
allo-aromadendrene | 0.04+0.00 | 0.08+0.01| 0.33+0.01 nd 0.03+0.00  0.07+0.0Q
B-selinene 0.46+0.02 0.04+0.00 | nd nd 0.03+0.01 0.56+0.24
germacrene E 1.06+0.12 0.15+0.01 | 2.33+0.11] 0.20+0.04 1.64+0.64 0.16x+0.12
4-phenyl-1,3-tiazole | 1.02+0.07 0.18+0.01 | 1.50+0.38] 0.54+0.0y 0.08+0.04 0.19+0.1b
germacrene D-4-ol 0.32+0.07 0.12+0.00 nd 0.17+0.06 0.10+0.p3 nd
caryophyllene oxide | 0.04+0.00 nd 1.15+0.13 nd 0.17+0.02 0.46+0.13
aromadendrene
oxide 0.77+0.05 0.23+0.01] 0.40+0.05 0.64+0.02 1.12+0/5521£0.06
t-cadinol 0.53+0.03 0.22+0.05 0.42+0.08 0.52+0.12 0.36+0/,0219£0.10
a-cadinol 0.47+0.02 0.14+0.05 0.95+0.13 0.51+0.03 0.37+0/1104£0.02
g:;g’nltg;ggitgzl' nd 0.06+0.01| 0.34+0.00 0.12+0.01 0.05:0.01 0.0720.0

nd—not detected

Conclusions

Six blackcurrant bud cultivars were analyzed in pinesent study and identified compounds
constituted more than 93 % of total integrated Gfakparea of each extracts. The major
compounds of aromatic extracts were sabinéfecarene, terpinolen@-caryophyllene 3-
phellandrenecis-p-ocimene,y-terpinene, terpinen-4-ol and limonene. Blackcur@uitivars
according to the main essential oil componentsiiisale, 5-3-carene and terpinolene) were
separated into the three chemotypéswith sabinene as a major compouddr{niai, Almiai
and Gagata); 2" with high amounts oB-3-carene and terpinolen®dn Alderand Ben
Nevi9; and & with remarkable amount of all three terper@sn Lomon}i
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CHARACTERIZATION OF RYE SOURDOUGH MICROFLORA
Emils Kozlinskis, Liga Skudra, Dace Klava, Daiga Kukulberga

Latvia University of Agriculture, Faculty of Foo@&dhnology
Liela Street 2, Jelgava, LV3001, Latvia

Abstract

Preparing of sourdough is one of the oldest biatetdgical methods, but the research is still gadngand is
crucial. In Latvia the spontaneous sourdough isduise traditional rye bread baking which microflors
determined in flour and in microorganisms cultupegssented in external environment. Literature geitaved
that spontaneous sourdough presents several laciic bacteria (LAB) and yeasts. Lactobacilli presen
sourdough are both homofermentative and heterofgatiee and depending on temperature can be pegbast
well as mesophylic and thermophilic. The latterserg in scalding are essential to ensure technoédgwocess
of rye bread. Metabolites of thermophilic LAB aesponsible for providing sufficient dough acidiBesides
LAB sourdough contain yeasts includiBgccharomyces cerevisiae, Pichia saitoi, Candideser, etc The aim
of the research was to analyze growth dynamicsiofafiora in three-stage spontaneous rye flour dough
fermentation process and to isolate some of iteeggmtatives. One of the basic tasks for applyiegrésearch
was to acquire methods of micro-organism identifica Results of experiments show predominance AB L
reaching 6.06 log10 cfu M high amount of yeasts reaching 5.22 log10 cfitamtl a final pH value 3.83
representing that this sourdough has desirableeptiep for preparation of rye flour sourdough start~or
identification of LAB cultures API CH 50 test wascaired while ID 32 C for yeasts. Results of thpesments
reveal heterofermentative LABactobacillus BrevisndSaccharomyces cerevisigeast presence in sourdough.
These microorganisms are typical members of sogfdomicroflora with reference to foreign scientific
publications.

Key words: sourdough microflora, lactic acid bacteria, yeasts

Introduction

Sourdough is essential in rye bread making andrddition of rye sourdough fermentation
correspond to the rye-growing areas in north, e¢énénd eastern European countries
including the Baltic states, where rye bread ctutsts a considerable amount of the bread
consumption (Rocken, 1996). Traditional sourdouglead technology is based on a
spontaneous fermentation process from LAB and yeestirring naturally in flour. Classic
sourdough preparation is a multiple stage prodessstarts with a mixture of flour and water
left for a specific period of time. Every next stag prepared with fresh flour and water
added to the previous stage (Lingbal., 1997, Kariluotoet al., 2004). In the first stage of
sourdough fermentation the temperature vary formi@%o 26 °C, which is optimal for yeast
development. In the second and third stage of saugtl fermentation an average temperature
of 32 °C is applied — optimal for lactic acid bacgKramer, 2002).

The character of the process results from growth nttroorganisms in different
environmental conditions. Temperature, dough ct&isi® and dough resting time at each
stage determine development of active microfloravddainen and Linko, 1993,
Muller et al.,2001).

In addition to environmental influence, flour isrdaly responsible for the properties and
quality of spontaneously fermented sourdough. Ryar fnaturally contains a wide variety of
yeast and bacteria= Candida crusei, Erwinia herbicala, Bacillus sppmoulds,
Saccharomyces sppheterofermentative LAB and acid — tolerant yeéistamer, 2002).
Genera of LAB identified from sourdoughs &m@ctobacillus, Leuconostoc, Pediococcasd
Streptococcuysand the majority of the sourdough LAB belongghe genud.actobacillus.
The taxonomy of LAB is still under revisiohactobacilluspresent in sourdough has been
divided in three groups according to their carbobtel fermentation patterns: Obligate
homofermentative LAB L. acidophilus, L. delbrueckspp. bulgaricus, L. farciminisetc.;
Facultatively heterofermentative LAR:. casei, L. curvatus, L. plantaruetc.; Obligately
heterofermentative LAB:L. brevis, L. fermentum, L. fructivorans et{Kandler and
Weiss, 1986).

The most frequently isolated yeast species fromangwheat sourdoughs &@accharomyces
cerevisiaewhich are able to ferment glucose, galactose,asaland raffinose, but not lactose.
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Other yeast species often isolated from sourdoaghS. exiguus, Candida milleri

(C. holmii), C. kruseiThe latter are able to ferment glucose only. Yéast specieRichia
sitoi, P. norvegensisand Hansenula anomalaand some Saccharomycesspp. have
occasionally been isolated from sourdoughs (Manyenat., 1999).

Further the LAB of the sourdough have a synerggstiect with yeasts and inhibit the growth
of molds and of ropeB@acillus mesentericp)gReed and Nagodawithana, 1995).

There are relatively few investigations regardin§BLand yeast interaction in sourdough.
Lactobacillus spp.is the main producer of organic acids in spontaskodermented
sourdough. Although the decrease of pH may causeholes (organic acids, ethanol, etc)
of Enterobactericag moulds or acid — tolerant yeasts present in sp@uus sourdough
(Kramer, 2002).

Bacillus spp.represents undesirable microflora in spontaneousdsugh. For example if
Bacillus subtilishas expanded in dough, it produces proteolaseshgdrblyse proteins
resulting in increasing of dough pH and preveniid AB and yeast activity. Besides the
metabolites of Bacillus subtilis generate undesirable taste and aroma of dough
(Kramer, 2002).

Scientific publications show that application ofospaneous sourdough in rye bread
production may cause unstable quality of rye br&sdected LAB starter cultures should be
used in Latvian bakeries to provide controlled dough fermentation. Though LAB starters
selected in Europe frequently does not satisfy iaatvbakers. Therefore dynamics of
spontaneous rye flour sourdough microflora develaptimin every fermentation stage was
investigated and some of its representatives veetated.

When the above is clarified it is possible to préenaiability and development of desirable
microflora accommodating technological processdength of every stage, temperature of
fermentation and flour — water proportion in favanirit. Desirable microflora in this case
refers to LAB and yeasts providing the highestiagiand preferable sensory properties.

Material and Methods

Current research was carried out in Latvia Uniwgref Agriculture in the Department of
Food Technology in Scientific Laboratory of Microlmgy in 2008.

The rye flour from stock company “Jelgavas dzirgiash content 1.45%, moisture content
14.5%) and water was used in all samples. There tieee stages of sourdough preparation
totally 72 hours; the renewal of sourdough wasizedleach 24 hours (Figure 1).

10 grams of sourdough in 90ml 0.5% sterile physjiial liquid were mixed in BagMix&rat
speed 7 for 60 seconds.

Plate counting method was used for microbial deteciThe samples for investigation in two
reiterations were taken in: 0, 4, 8, 24, 28, 32,58 56, 72 hour of fermentation.

Total plate count was investigated on Nutritionra@i#utions 1:100; 1:1000; 1:10000). Yeast
plate count was investigated on Malt extract aghiutfons 1:100; 1:1000). Lactic acid
bacteria plate count was investigated on MRS adjartions 1:100; 1:1000). Incubation was
performed at 35 °C (for total plate count and LA®B) 27 °C (for yeasts) for 24 hours to
develop the colonies.

Counting of colonies formed and calculating the bamof CFUs was accomplished by
Acolyte colony counter.

Changes of pH (Jenway 3250 pH meter) in sourdougie wbserved using standard methods
with reference to “Standard - Methoden fur GetreMehl und Brot” (Spicher, 1993).
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Figure 1. Three-stage technological process of spganeous rye
flour sourdough preparation

Dilution and Lindner methods were applied to obtpure cultures. After isolating pure
cultures API identification method was applied ttentify microorganism cultures. For
identification of LAB cultures APl CH 50 test wasad while ID 32 C for yeasts.

Results and Discussion

Three-stage method was used in spontaneous rydasmir preparation (Figure 1). At the
end of each stage, dynamics of microflora develogmas investigated.

Results shown in Figure 2 represent growth dynamicspontaneous sourdough microflora
during fermentation process and changes of pH vdlbe initial rates of plate count were
very close — 4.2bg10 cfu ml* (LAB), 4.54 log10 cfu mt (yeasts), 4.72 log10 cfu thitotal
plate count).

At the first four hours of fermentation changestatal amount of microorganisms and pH
value were not relevant — LAB and yeasts remaimelhg — phase and adapted to the new
nutrients available. After four hours LAB and yesastarted an intensive exponential phase
although at the end of the first stage of sourdoiggimentation LAB and particularly yeast
plate count started to decrease caused by limitatimutrients.

Amount of yeast cells became 28% lower than initéé supposedly because of activity of
LAB. Generally, in the first stage of fermentatioH value decreased substantially as a result
of intensive development of microorganisms — froitial rate pH 6.7 to pH 4.26.

Immediately after the first renewal of sourdougH, yalue increased rapidly to pH 5.37 but
after four hours it returned close to a previoweleo pH 4.36. At the same time LAB started
a new lag-phase whereas amount of yeasts incrégsati% in four hours after renewal. At
the end of the second stage of spontaneous sourdowgparation LAB were developed
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rapidly in exponential growth phase by 26% and edd5.020g10 cfu mf*. Equally, growth
of yeasts increased in exponential growth phasegluhe second stage of fermentation.
Decrease of pH value was not significant but reexdistable and reached pH 3.98.

7 6.5

6.5 S o 6

\ a

RSN = —

b
7

4 \l — \D 35
35 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 3
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Time (h)
—o— pH —e— Total plate count+— Yeast count—— LAB count

Figure 2. Development of microorganisms and changed pH value in spontaneously
prepared sourdough from rye flour during 72 hours

The second renewal at the beginning of third stddermentation had insignificant influence
on development of LAB. It is possible that LAB aeWere ageing and metabolites present in
dough were inhibiting its regeneration. Opposiwts were observed in the changes of yeast
content — it increased by 23% during the third stafgffermentation and reached

5.22log10 cfu mt".

Convincing predominance of LAB, high amount of yeamnd a final pH value 3.83 represent
that current sourdough has desirable propertieprigaration of rye flour sourdough starter.
Results of API tests reveals microorganisms thatygsical members of rye flour sourdough
microflora - Lactobacillus brevis, Lactobacillus fermentum, $@romyces cerevisiadVith
reference to “Handbook of food science, technolagg engineering” (Y. H. Hui 2006):
heterofermentative LAR.actobacillus brevisare found in rye bread sourdough from Russia,
Germany and Swedehactobacillus fermenturare found in German, Austrian and Swedish
rye bread sourdoughSaccharomyces cerevisiageast present microflora of rye flour
sourdough from Germany, Finland, Poland, Germamulysnmark.

Conclusions

1. During 72 hours of rye flour sourdough preparagwacess, amount of LAB and yeasts
increased by 42% and 15% respectively, though iactief these microorganisms
increased significantly considering pH value changem pH 6.7 to pH 3.83.

2. Predominance of LAB reaching 6.06 log10 cfu’mhigh amount of yeasts reaching
5.22 log10 cfu mtand a final pH value 3.83 represent that this sougt has desirable
properties for preparation of rye flour sourdoutdrtsr.

3. ldentification of microorganisms using API test hmed was successfully acquired. LAB
and yeast cultures isolated and identified fromrantr sourdoughtactobacillus brevis,
Lactobacillus fermentum, Saccharomyces cerevaiaealso typical members of German,
Russian, Swedish etc. traditional rye flour sougiou
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Abstract

The main task of this study was to determine thbataydrate composition of willow honeys. The frigep
glucose and the minor oligosaccharide content wésenonofloral willow honeys collected in Lithuanim2006
during flowering season were analyzed by gas chiagnaphy with flame ionization detector (GC-FID}eaf
the trimethylsilylation of carbohydrates. Fructogliicose, sucrose, maltose, isomaltose, turanosealbse,
palatinose, celobiose, raffinose and panose weeatifted and quantified in all samples. Glucose was
predominant in 6 out of 7 samples. The mean vadfisictose and glucose varied form 32.92 to 3&88 from
35.27 to 42.29%, respectively. The ratio of fruefgtucose varied from 0.78 to 1.10. The amountuciase
was 0.12-0.25%. Data obtained was thoroughly coetpaiith previously published results and it wasniiu
that the characteristics of Lithuanian honeys irstreases meet international requirements for nahgaey.
Some correlations between sugar concentration teddntent of willow pollen in the honey were ehied.
However, the information on honey sugar composii®mot sufficient for the reliable determinatioh the
botanical origin of honey.

Key words: honey, carbohydrates, willow, gas chromatography

Introduction

In general, honey is a supersaturated sugar sojugigars are the main constituents of honey
accounting for about 95% of dry matter. Fructose glncose are the major sugars, the former
one being a major component almost in all honeysymxcept for some honeys of rape
(Brassica napus dandelion Taraxacum officinale and blue curls Trichostema
lanceolatumi origin, when glucose is present in higher amouy@tavia et al., 2002). In
addition, disaccharides, trisaccharides and otligosaccharides are present in honey in
small concentrations. The concentration of fructasd glucose as well as their ratio are
useful indicators for the classification of unithoneys (Persano Oddbal.,1995; Persano
Oddo and Piro, 2004).

It is known that there are compositional differenbetween honeydew and blossom honeys.
Honeydew honey is characterised by a higher coratm of oligosaccharides, mainly
trisaccaharides melezitose and raffinose, whichallysiare not found in blossom honeys
(Bogdanowet al.,2004).

Honey has been produced in Lithuania from the anctemes. Detailed carbohydrate
composition of Lithuanian honey was not analyzedil unow, except for routine
measurements of glucose, fructose and saccharose $tandard quality assessment. The
main honey plants in Lithuania is spring rafassica napud. ssp.) and in honey from
those plants spring rape pollen are over-repredantboneys, but monofloral willow honeys
also are collected. Monofloral willow honey mediuane found in Spain, Croatia and
Scandinavia countries (Persano Oddo and Piro, 200@heover, there is a lack of the data in
the literature about willow honey. Therefore, wiilhoney was selected for the analysis. The
main task of this study was to comprehensively atiarize carbohydrate composition of
monofloral willow honey samples and to determinthére is any dependence between pollen
content and the amount of corresponding carbohgdrathe honey. Such data may facilitate
faster characterization of honey botanical souitceay also provide the information for the
identification of adulteration and incorrect laledl.

Materials and Methods

Honey samplesSeven honey samples of willow origin were collecteding 2006 years
flowering season in &dainiai district, except one sample — in Vilkavskiistrict (Lithuania).
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The botanical origin of the samples was analysed rbglissopalynology method
(BaltruSaityt et al., 2007). Willow pollen content from total content pbllen in honey
samples varied from 54.10 to 92.90%. In tested $sngmall amounts of rape, dandelion,
white and red clover, cornflower, raspberry pokéso presented.

Gas chromatography analysisloney samples were diluted with ultra-pure watertfinal
Brix value 5-6. 14Qu of this solution and 1@l of internal standard were transferred to a
GC autosampler vials and freeze-dried in a Maxi-Dyg (Heto-Holten, Allergd, Denmark)
for 4 h.S-Gentiobiose was selected as an internal stantdaoduse it was not found in honey.
Freeze-dried samples were derivatized by the addiof 150 ul of 1-(trimethylsilyl)
imidazole and 1 ml of pyridine. The vials were cagy@and the solutions heated at 80 °C for
1 h. Trimethylsilylated carbohydrates are suffithgnolatile compounds and can be analyzed
by gas chromatography. The stock solutions of esiee compounds were prepared in the
same way as the samples, from 5.0% (w/v) standdutiens in water.

Trimethylsilylated carbohydrates were analyzed @&Ca8000 series gas chromatograph with
a flame ionization detector (Fison Instruments,avjlitaly) by injecting 0.2l of the mixture

to the capillary column ZB-5 (30 mx0.25 mm idx0.26m) coated with 5%
phenylmethylpolysiloxane. The injector and detedemnperatures were 260 °C and 300 °C,
respectively. After testing several programs thestnadficient separation was achieved when
the temperature was raised from 100 °C to 180 °@ &C/min (5 min hold), increased
to 215 °C at 2 °C/min and finally raised to 3258@/at 3 °C/min (10 min hold).

All reference compounds were analyzed in the sanay.wdentification of honey
carbohydrates was achieved by comparing their tietertimes with those of reference
compounds. The concentration was calculated usiteynal standard and expressed in %
(w/w). The analyses were repeated three times.

Materials. All chemicals and solvents were of analytical gradira-pure (18.2 ®2) water
was used (Millipore, Simplicity, Canada). Pyridiaed 1-(trimethylsilyl) imidazole, fructose
(99.0%), glucose (99.5%), sucrose (99.5%), mal{880%), isomaltose (98.0%), turanose
(98.0%), trehalose (99.5%jp-gentiobiose (98.0%), palatinose (99.0%), celobi(2®0%),
raffinose pentahydrate (99.0%) and panose (98.0%E virom Sigma-Aldrich (Steinheim,
Germany).

Statistical analysisStandard deviations were calculated using spreatisio&ware (Exc@b.
Correlation coefficients (R) to determine the relaship between several carbohydrates and
the amount of the willow pollen in the honey, asllvés between different sugars were
calculated using SPSS statistical software.

Results and Discussion

GC-FID chromatograms indicate that sugar compasitiche tested willow honey samples is
similar, however some variations in the contentnafividual carbohydrates were observed.
Three regions, representing mono-, di- and trisagdhs may be distinguished in the
chromatographic profile of honey sugars (Figure 1).

In total, eleven carbohydrates were identifiedha studied samples. Some separated peaks
were not identified because reference compounde wet available. The amounts of the
guantified sugars were within the limits establheby Codex Alimentarius
Commission (2001).

As it was expected (it is usual to the honey) fosetand glucose were dominant in willow
honeys. As it was mentioned above, there are @y Kinds of honey (honey from rape,
dandelion and blue curl) when glucose is domin@av{aet al., 2002). Our results do not
totally coincide with this finding, because glucagas dominant in six out of seven samples.
The mean values of fructose and glucose varied fé@®2 to 38.88 and from 35.27 to
42.29%, respectively (Table 1). Honey was interigiamalysed for sugars, particularly in
Southern European countries. For instance, 34.839%3%f fructose and 25.8-35.2% of
glucose were reported in Spanish honeys (Mateo Bosth-Reig, 1998); 31.4-39.8%
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(fructose) and 27.4-36.3% (glucose) in honeys fRomnugal (Mendegt al., 1998). It was
found that the percentage of carbohydrates alserakpon the bee speciesp(s dorsata
A. cerana A. millifera) and concentration of the main sugar may varyhm wide range:
42.3-54.2% of fructose and 33.1-52.2% of glucoseeveetermined in the honeys from
Nepal (Joshet al.,2000).

monosaccharides disaccharides

[_H A
- )

internal
standard

trisaccharides

Figure 1. Typical chromatogram of the trimethylsilylated carbohydrates in willow honey

Table 1
Amount of pollen and the main carbohydrates in theested willow honeys and
fructose/glucose ratio

Pollen amount, % Fructose, % Glucose, % FIG
92.90 34.27+0.27 41.55+0.03 0.82
75.80 32.924+0.22 42.29+0.08 0.78
73.20 34.74+0.14 42.23+0.18 0.82
70.20 38.88+0.24 35.27+0.09 1.10
65.60 34.12+0.10 42.21+0.06 0.81
57.50 36.11+0.06 37.80+0.18 0.96
54.10 34.67+0.11 41.86+0.23 0.83

Due to the low fructose value, the fructose/gluceg® (F/G) was below 1. The ratio of F/G
was 0.78-1.10; for comparison, in other studieshofey it was reported 0.84-1.89
(Persano Oddoet al, 1995), 0.86-1.6 (Horvath and Molnar-Perl, 1990)78-1.77
(Costaet al.,1999), 0.99-1.77 (Mateo and Bosch-Reig, 1998).

Seven disaccharides and two trisaccharides wemetifidel in the tested willow honey
samples (Figure 2). Maltose was the most abundaatcharide constituting from 1.14 to
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1.85%. Maltose, which is usually present in homeloiv quantities (to 3%), was suggested as
a marker of natural honey (Persano Odtlal.,1995; Joshi et al., 2000; Coteal.,2003).
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Figure 2. Distribution of disaccharides and trisacbarides in willow honey
(Sac—saccharose; Mal-maltose; Tur—turanose; Tre—tralose; Pal—palatinose;
Cel—cellobiose; Isom — isomaltose; Raf — raffinos®&an — panose)

The content of sucrose (which is the main sourdb@fidulteration of honey) in the all tested
samples was in conformity with the limits estabdidhby the European Codex Honey
Standards, which are5 g 100 ¢ for honeys in general and up to 10 g 10bfay Citrus
honeys (Codex Alimentarius, 2001).

Small amounts of two trisaccharides, panose arfthose were found in the tested willow
honeys (Figure 2). Raffinose was not find in onegi@, while panose — in two samples. The
origin of raffinose in floral honey is not cleat;i$ suggested that raffinose could be nectar
constituent or could get in with honeydew contartiora(Da Costa Leitet al.,2000).

The total GC area percent of unidentified compouimdshe chromatogram varied from
2.04 to 3.01%. The majority of the unidentified ke&luted from the column at the end of
GC run, i.e. in the region characteristic to tridearides (Figure 1). Therefore, it is likely that
the majority of these peaks are representing variesaccharides or other oligosaccharides.
The correlation coefficients between willow contemtd corresponding sugar, as well as
between individual sugars were calculated. Theetation between willow pollen content in
the honey and identified carbohydrates was weak; dhlculated coefficients were not
significant statistically. In the willow honey tlerrelation between glucose and fructose was
strongly negative (R=-0.94, significant at the 0éZl), while the correlation between some
disaccharides was strongly positive: saccharose raatlose (R=0.88, significant at the
0.01 level), turanose and trehalose (R=0.93, st at the 0.01 level). Medium correlation
was noticed between saccharose and turanose (R=flgfificant at the 0.01 level), and
saccharose and trehalose (R=0.76, significantea0101 level). It can be seen, that botanical
source of honey cannot be concluded from honeyrsugbaobserved data were normally
distributed (Gaussian distribution law).

Conclusions

The mono-, di- and trisaccharide composition obrdys from willow origin were studied by
GC-FID, after the trimethylsilylation of the carlyalnates. Fructose and glucose are dominant
in all samples, their amount varied from 32.92 2029% of honey. Fructose glucose ratio
was below 1 in six samples, due to the higher amaofirglucose in these samples. The
amount of sucrose, like monosaccharides, coinoidésthe recommendations of European
Codex Honey Standards; it varied from 0.12 to 0.25%

97



FOODBALT 2008

The strong correlation between the willow pollenntemt in the honey and identified
carbohydrate was not observed.
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Abstract

Among various abundant sources of phenolic compsane spices such as oregano, thyme and basilaifthe
of this research was to determine phenolic compsuindoregano, thyme, basil. In spices six phenolic
compounds were identified — caffeic acid, rosmaraiid, eriodyctiol, luteolin, naringenin, apigenirhe main
phenolic compound in spices was rosmarinic aciderotompounds were present in less than 4% (fraat to
phenolics). Caffeic acid was identified only in thg. Compounds from two flavonoid classes were ifledtin
spices: flavons (apigenin, luteolin) and flavon@asodictyol, naringenin). Apigenin and luteolin reedetected
in oregano and thyme. Eridyctiol was present irspites, with the highest concentration determineategano,
while naringenin was present in oregano and thyfe/onons eriodyctiol and naringenin were presersipices
in higher concentrations compared to flavons apigeand luteolin. Total amount of identified phermoli
compounds was the highest in thyme.

Key words: phenolic compounds, aromatized oil, spices

Introduction

Several thousand molecules having a polyphenottsirel (ie, several hydroxyl groups on
aromatic rings) have been identified in higher tdaand several hundred are found in edible
plants. Phenolics behave as antioxidants, dueetoethctivity of the phenol moiety. Source of
polyphenols as mentioned above are ubiquitousrdtiiee, however, shows that researchers
have become interested in phenolic compounds aespDifferent amounts of phenolic acids
and flavonoids have been detected in spices depgrah growing conditions, plant part
analyzed (leaves, flowers), and/or extraction cimaé Spices are used for oil aromatisation
either for oil enrichment or expanding the commareidvantages. Among spices frequently
used for oil aromatisation are basil, thyme, oregabiterature data show that these
spices contain different amounts of phenolic conmoisu (Jayasingneet al, 2003;
Javanmardiet al, 2002; Grayeret al, 1996). Rosmarinic acid is a powerful antioxidant
(Javanmardiet al, 2002) and was identified as a main phenolic camdoin oregano
(Exarchouet al, 2002, Pizzaleet al, 2002). Other phenolic compounds in oregano are
caffeic acid, luteolin, apigenin, eriodictyol, ddpxicampherol, dihydroxiquercitine
(ékergetet al. 2005, Pizzaleet al, 2002, Kulevanoveet al., 2001). In thyme the main
phenolic compounds are glycuronids of apigeninedlih, eriodyctiol, luteolin glycosides,
rosmarinic acid, quercitine (Justesen, 2000; Guidlad Manzanos, 1998). The main phenolic
compounds in basil are rosmarinic acid, lithosperaid, vanillic acid, coumarinic acid,
hydroksibenzoacid, syringic acid, ferulic acid, foaatheuic acid, caffeic acid
(Jayasingneet al, 2003, Javanmardet al, 2002). Plant phenolics are one of the most
important primary antioxidants, and during aromattan process they could migrate from
spices in oil and protect oil from oxidation. Thenaof research was to detect phenolic
compounds in the three spices (basil, oregano &yde) that will be used for oil
aromatisation and to evaluate two methods for etitia of phenolic compounds from spices.

Materials and Methods

The plant material for the analysis was obtainemnfrthe plant collections of Faculty of
Agriculture, Latvia University of Agriculture anddm Santa Maria (producer — AS Paulig
Baltic, Estonia, licence — Santa Maria AB, Swedimther — commercial sample). The
following samples were analysed: commercial basinmercial oregano, commercial thyme,
basil Green Qcimum basilicuni.), Greek oregan@Oreganum vulgaré..), thyme (Thymus
vulgare L.). Commercial samples were supplied dry in heiradly sealed packaging.
Samples from LUA Faculty of Agriculture were aiiadf (30 °C temperature) and packaged.

99



FOODBALT 2008

Phenolic compounds from spices were extracted usingnethods.

Method 1.

500 mg of dried leaf material was pulverized (detisize 0.125-0.250 mm), suspended in
5 ml of methanol (High Performane Liquid Chromatqgry (HPLC) grade), and left
overnight at 4 °C under dark conditions. All sugamts were decanted and filtered using
syringe filter (Javanmardet al, 2002) and transferred into HPLC vials. This methe
mainly used for the extraction of phenolic acids.

Method 2.

500 mg dried leaf material was pulverized, suspendelO0 ml diethyl ether (HPLC grade)
and left to extract overnight at room temperaturbe diethyl ether (HPLC grade) was
evaporated in rotavapour (till dryness, temperatdingater bath 18+2 °C). The dried residues
was redissolved in 1 ml of 80% MeOH, filtered ussyginge filter and transferred into HPLC
vials (Grayeret al.,2003).

Reversed-phase HPLC and mass detection were pedomman Agilent 1100 LC-MSD
system controlled by Agilent software v. A.09.03g{ent Technologies, Waldbronn,
Germany). A Phenomenex C18 (ODS, Octadecyl) secgriard and a Phenomenex Luna
C18 (2) 100 A column (4.6 mm i.d. x 250 mm; padisize =10 um), maintained at 35,
were usedElution was performed at a flow rate of 1.0 mL/musing as mobile phase a
mixture of 0,05% formic acid (HPLC grade) in wafeolvent A) with pH=3.1, acetonitrile
(HPLC grade) (solvent B). The solvent gradient armed according to the following
conditions: 1) 0-5 min, B: 10-35%; 2) 5-20 min, 3-70%; 3) 20—-40 min, B: 70-90; 4)
40-41 min, B: 90-50%; 5) 41-42 min, B: 50-25%; B}43 min, B: 25-5%; 7) 43—44 min,
B: 5—-0%; and 8) 44—46 min, B: 0—-10% Detection wasedat 280 nm and 320 nm. The mass
detector was an Agilent G1946D (SL) ion-trap magsectometer (Agilent Technologies,
Waldbronn, Germany) equipped with an electrospeaysation (ESI) system. Nitrogen was
used as nebulizing gas at a pressure of 50 psihenfiow was adjusted to 13 I/min. The full
scan mass spectra of the phenolic compounds weasuredl from m/z 100 up to m/z 1000.
Mass spectrometry data were acquired in the negaivization mode. For identification of
phenolic compounds, HPLC retention times, UV s@eatmass spectra were compared with
those of standards or those phenolics identifiezpines previously. Analysis of variance was
performed using SPSS 11.0 for Windows. Significdifferences between means were
determined a level of p<0.05.

Results and Discussion

Total amount of quantified phenolic compounds iralgsed spices differed significantly
(p<0.05) (Fig.1). Thyme was shown to have the tagl@nount of phenolics whereas basil
had six times lower concentration of phenolics. rEhe&vere some differences between
commercial samples and those obtained from the ddsity plant collection. Besides, the
obvious influence of the solvent on the amountafaeted phenolics was observed.

Out of diethylether and methanol, the latter wasashto contribute better to the recoveries of
polyphenols from the matrix. Literature studieswstd different methods that could be used
for extraction of phenolic compounds (Lee, 2000ya3tngneet al, 2003). Methanol is
widely used to extract antioxidants from plant miatewhich can be applied also for the
extraction of antioxidants from spices (Kiet al, 2005, Jayasingne (et al, 2003,
Pizzaleet al, 2002). On the other hand, for extraction of dlavids also diethyl ether has
been used (Grayet al., 2003; Grayeet al., 1996).

In the present study more phenolics were extraatéag methanol. Extracted amount with
diethyl ether was 8.8-9.1 times lower. The highasounts were in commercial thyme,
Latvian thyme and Greek oregano, but the lowestusinon both basil samples. Phenolic
compounds of spices belong to different clasesngli®acids, flavonoids, anthocyanins.
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Figure 1. Total phenolic compounds in spices

In the analysed spices, 6 phenolic compounds, beigrto different classes were identified:
phenolic acid (caffeic acid), phenolic acid denwvat(caffeic acid dimmer — rosmarinic acid),
flavons (apigenin, luteolin) and flavonons (eridagat, naringenin). Rosmarinic acid is the
main compound in all analysed spices and contewtladr phenolic compounds is very low
(till 49%).

Greek oreganoj 69.39
. 0
Commercial oreganGzzzzzzzzzzzzzz7z7rrrrrms—52 115
. 41
Latvian thyme gz 74.96

0 30 60 90

Phenolic compounds, mg 100" g

Extraction with methandd Extraction with dietilether
Figure 2. Rosmarinic acid in spices

The highest amount of rosmarinic acid was in Latviayme, commercial thyme and Greek
oregano (Fig.2), but the lowest amount in basil am Rosmarinic acid was the only
phenolic in basil Green. Extracted amount of rosm@aracid was dependant on the used
solvent, and higher amounts were obtained usintpanel. There are big differences between
chromatograms of samples obtained with both met(eigs3).

In the chromatogram of Greek oregano samples d&tiasith methanol (Fig.3.a) the main
peak is rosmarinic acid, others are significanttyaer. On the other hand, in the
chromatogram of sample extracted with diethyl eff#@g.3.b) the main peaksare flavonoids
(eriodictyol and naringenin) peaks, followed bymasinic acid peak. Of phenolic acids in
spices, caffeic acid was the only one identifiekisTcompound presented was present in both
thyme samples: in the Latvian thyme 0.26 mg 106, in the commercial thyme 0.38 mg
100 g*. Furthermore, four flavonoids were identified ahdir content differed significantly
(p<0.05) between spices (Table 1). None of theofiawds was identified in basil Green.
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Figure 3. Chromatograms of Greek oregano phenolicanpounds extracted with
a) methanol, b) diethyl ether

Apigenin was identified in oregano and thyme with highest amount in Greek oregano and
Latvian thyme (Table 1) and higher amounts of apigevere extracted with methanol. The

second flavonoid — luteolin, was present in lowioants, comparing to apigenin. It was not
possible to identify apigenin and luteolin in basimples.

Table 1
Flavonoids in spices, mg 100 ¢’
: Spices
Compounds Extraction Greece Commercial Commercial
solvent Thyme
oregano oregano thyme
Apigenin l\/_Iet.hanoI 0.282+0.014| 0.105+0.006 0.376+0.019 0.209+0.p1
Dietilether| 0.081+0.005| 0.040+0.008 0.088+0.006 0.119+0.006
Luteolin l\/.Iet.hanoI n.d. n.d. n.d. 0.160+0.008
Dietilether| 0.027+0.002| 0.064+0.00¢4 0.047+0.003 0.043+0.003
Eriodictyol I\/-Iet.hanol 1.382+0.069| 0.273+0.014 0.382+0.022 0.446+0.(026
Dietilether| 0.518+0.037| 0.104+0.00f 0.059+0.004 0.122+0.006
Naringenin l\/_Iet_hanoI 1.069+0.053| 0.717+0.036 0.433+0.022 1.073+0.054
Dietilether| 0.481+0.024| 0.372+0.019 0.124+0.001 0.432+0.(22

*Results are given as meantstandard deviation
n.d. — not detected

This data are in accordance with those obtainedbdsil produced in Denmarks, where none
of these compounds were identified (Juste2601).

The highest amount of luteolin was in commercightlk. Unlike apigenin, it was possible to
extract higher amounts of luteolin with diethyl ethException is the commercial thyme,
from which luteolin was better extracted with metbia The highest amount of eridyctiol was
in Greek oregano, whereas in other analysed spieess 3 to 5 times lower. Naringenin was
identified in all oregano and thyme samples, wihlke highest amount in Greek oregano.
Eridyctiol and naringenin were reported as char&tie compounds of thymes grown in

Macedonia (Mariret al.,2003) which is geographical close to Greece areGr cultivars.

Conclusions

Total amount of identified phenolic compounds whe highest in the Latvian thyme,
followed by the commercial thyme and the Greek amneg In the spices six phenolic
compounds were identified — caffeic acid, rosmaricid, eriodyctiol, luteolin, naringenin,
apigenin. It is possible to extract more caffeigdacosmarinic acid, and apigenin using
methanol as a solvent, whereas diethyl ether stttbsolvent for extraction of — eriodyctiol,
luteolin and naringenin. The main compound in alhlgsed spices was rosmarinic acid.
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Literature data showed that this compound is angtrantioxidant, and therefore it can be
suggested that these spices could contribute tprinention of the oxidation of aromatised
oils besides giving them nice aroma.
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AMINO ACID PROFILE IN LATVIAN POTATO VARIETIES PREP ARED BY
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Abstract

Potato consumption in Latvia is taking significaatt from total vegetable amount therefore it iSraportant to
focus attention on potato nutritional changes durimostly used heat treatment methods. In fact paantains
small amount of protein but it is high in nutritedrquality — contains considerable amount of ciuaiaino acids
which change notably during frying/backing process.

Consequently the aim of the research was to estimhénges in amino acid profile among various potat
varieties prepared using various heat treatmeregsses.

Following Latvian potato varieties were selecteBrassla’, ‘Imanta’, ‘Zile’, ‘Madara’ and ‘Lenora’. étatoes
were prepared using different heat treatment methsidallow frying (15015 °C), deep fat frying (1802C)
and baking in oven (21045 °C). The highest totalranacid content was found in raw potatoes of tagety
‘Brasla’ and crucial amino acid content in ‘Leno@i dry matter (DM) basis while the lowest bothataind
crucial amino acid amount in the variety ‘Imantdamong the baked potatoes in the variety ‘Lenorgltamino
acid content was found as the highest but crucmha acids — in the variety ‘Madara’ like in shalland deep
fat fried potatoes. For their part, similarly tr@vier amount of total amino acids — in the varid@yasla’ and
crucial amino acids in the variety ‘Imanta’. In dduh, the effect of type of heat treatment anddkof potato
variety on each amino acid was studied. Compared treatment types significant changes were deseavin
Arginine (Arg), Aspartic acid (Asp), Phenylalani(ighe), Tyrosine (Tyr), Isoleucine (lle), Histidifidis, Lysine
(Lys) and Valine (Val) while among varieties in Asle, Val, Glutamic acid (Glu), Methionine (Methad Tyr.
Key words: potato varieties, amino acids, heat treatment ousth

Introduction

The potato $olanum tubersoum )Loriginated in the Andes Mountains of South Amaric
where it has been an important food for 8,000 yead know is spread through the entire
World (Harris, 1992). Potatoes have an importaig o a healthy diet, as they are a good
source of complex carbohydrate, dietary fibre,mita C and protein. Concerning the protein
amount, potatoes in average contain about 2% whalityjis considered to be excellent, e.g.
amount of lysine in potatoes is similar to thatyipical animal protein (Salunkret al, 1998),
but the nutritional value of potato protein variegh variety, storage and environmental
conditions as well as the type of cooking (Lisinsk&®89; Harris, 1992). Traditionally,
potatoes are a central component of warm meal innym&uropean countries
(Wandelet al, 2001) and are prepared using various methodsooking from where the
traditional ones and well known are boiling, fryiagd baking (Salunkhet al, 1998). Frying,
especially deep fat frying has become the most lpopuieparation technology during the last
few decades. In the research by Nordic and Battimtries’ authorities on the type of potato
cooking methods, it was discovered that in Latvansumption level of fried potatoes
comparing with neighbour countries has been ornteehighest (NorBaGreen, 2003). Out of
that, in Latvia other cooking methods like shallbying and baking in oven are famous as
well. One of the explanations could be formatiomlesirable flavour, colour, taste and texture
during frying and baking processess which can hiet@o out by occurrence of Maillard
reaction (Sanibal, 2004; Amrein, 2003). Reactiorbased on the high temperature during
heating process where the accumulated reducingsugact with free amino acids in the
tuber cells (Mottranet al, 2002) and nutritional changes in amino acid cantecur. Several
amino acids, like Asp, Asn, GIn, Glu, Val and Lyshich are present in relatively minor
amounts had been shown to be the most active amdmbs in the Maillard reaction
(Ashooret al, 1984; Akikoet al, 2005) Therefore, the aim of the research was/atuate
the changes in amino acid profile during variouatheeatment processes in several potato
varieties selected and cultivated in Latvia.

104



FOODBALT 2008

Materials and Methods

In the cooperation with State Priekuli Plant Bregdinstitute (Latvia) five table potato
varieties almost in the same size were chosen:dtan ‘Brasla’, ‘Imanta’, ‘Zile’ and
‘Madara’ which are selected and cultivated underdbntrol of the institute. Selected potato
varieties were analysed after short period (2 wekking sizing) of storage at temperature
4—6 °C and relative air humidity (RH) 80 %.

Washed and hand-peeled potato tubers were cutree tlvays: for shallow frying potatoes
were sliced into 0.7x1.0 and 3—4 cm long stripslevfor deep fat frying — into 0x®.6 and
4-5 cm long strips but potatoes prepared for ovging were cut horizontally into halves.
Control sample is raw potato.

Sunflower-seed oil was used for frying. Potatoesewsaked in oven (210+5 °C), shallow
fried on the pan (15015 °C), and deep fat friedha deep fat fryer (1805 °C), (Fig. 1).
Throughout the oven and deep fat frying procedime/temperature was recorded by USB
TC-08 Thermocouple Data Logger PICO-Technologisigent (Fig. 1).

Amino acids were determined by AOAC official meth®84.12, total protein content was
determined by the Kjeldahl method (LVS ISO 5983798nd dry matter (DM) content by

g LVS ISO 6496:1999 and
- XM120 Precisa moisture
analyser.

Obtained data were analysed by
statistical software S-PLUS 6.1
Professional Edition. By means
of specifying the differences
between independent groups
Two-Way Analysis of Variance

i and for the multiple comparisons
of the meansTukey test was
applied. Conclusions were done
at 95% significance level.

Figure 1. Time/temperature control with TC-08
Thermocouple Data Logger equipment

Results and Discussion
In the research the amount of protein, DM contamd 46 amino acids including seven
essentail: Thr, Val, Met, lle, Leu, Phe and Lys eveletermined in five various potato
varieties prepared applying several heat treatmathods. To compare obtained amino acid
values data were calculated on DM basis. The pratentent is presented in g per 100 g of
product (Table 1).

Table 1

Protein content in potato varieties prepared by searal cooking methods, g 100 g

Potato variety Control Baked in oven | Shallow fried | Deep fat fried
Mean+SD Mean+SD Mean+SD Mean+SD
‘Brasla’ 2.09+0.04 2.33+0.10 2.63+0.08 3.41+0.04
‘Imanta’ 1.68+0.07 2.11+0.11 2.13+0.10 4.76+0.13
‘Lenora’ 2.04+0.06 2.08+0.07 1.94+0.07 2.70+0.08
‘Madara’ 1.55+0.04 2.46x0.10 2.61+0.13 4.27+0.08
Zile’ 1.44+0.01 2.07+0.11 2.86+0.13 3.48+0.08

Among the potato varieties and cooking methodsitbkest protein content was found in the
control samples of ‘Brasla’, among baked sampl#dadara’, shallow fried — ‘Zile’ and deep
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fat fried — ‘Imanta’ while the lowest — in the camitand baked samples of ‘Zile’ furthermore

shallow fried and deep fat fried — ‘Lenora’.

Changes of the protein content can be explaineddayrrence of several reactions during
pre-treatment and heat treatment at high temperatur

There are several amino acids which biologicalvagtioses during heat treatment process
therefore it is important to follow up the changd#sthe amino acids itself. Comparing the

differences among samples by type of cooking meti{od4) and potato varieties (n=5) per
each type of amino acids (n=16) the differences fwand p<0.001 within some of varieties

and cooking methods (Table 2, 3).

Table 2
Differences of amino acid content among the potatearieties

Amino acid ‘Brasla’ | ‘Imanta’ |‘Lenora’ [Madara’ Zile’
Aspartic acid (Asp)*** A A B B AB
Glutamic acid (Glu)*** A B B B AB
Valine (Val)*** A A AB B A
Methionine (Met)** A A B AB AB
Isoleucine (lle)*** A A B B AB
Tyrosine (Tyr)* AB A AB AB AB

The same letter within each component is not siganitly different at the 5 % level by the Tukey tiple-
comparison test. *¢0.05; ** p<0.01; *** p<0.001

Table 3

Differences of amino acid content per DM dependingn the heat treatment method

Amino acid Control Baked in oven | Shallow fried | Deegat fried
Aspartic acid (Asp)** A AB AB B
Valine (Val)* A AB AB B
Isoleucine (lle)* A AB B B
Tyrosine (Tyr)*** A B B B
Phenylalanine (Phe)** A AB B B
Histidine (His)*** A B B AB
Lysine (Lys)** A AB B B
Arginine (Arg)* A AB AB B

The same letter within each component is not siganitly different at the 5 % level by the Tukey tiple-
comparison test.  *4.05; ** p<0.01; *** p<0.001

In table 4 can follow up the changes in the amgenteach amino acid on DM basis between
potato varieties prepared by several heat treasnent
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Table 4

Amino acid content depending on type of heat treatent and potato variety, g 100 g dry matter
Potato varietiesB — ‘Brasla’,| — ‘Imanta’,L — ‘Lenora’,M — ‘Madara’,Z — ‘Zile’
A;Qi'gg Control Baked in oven Shallow fried Deep fat fried
Variety B I L M Z B I L M Z B [ L M Z B [ L M 4
Asp 1.32|11.34|,185/157|157|1.20|1.10,161|1.67|1.22/1.11,1.081.56|1.72|1.41,0.88| 1.03|1.17|1.41| 1.35
Thr 0.28| 0.30| 0.33| 0.34( 0.29] 0.33| 0.27| 0.29| 0.31] 0.26| 0.30| 0.23| 0.25| 0.35| 0.40| 0.26| 0.23| 0.20| 0.28| 0.20
Ser 0.29|0.28]0.31| 0.28( 0.29] 0.25| 0.21| 0.29| 0.28| 0.29| 0.21| 0.20| 0.29( 0.31| 0.40| 0.22| 0.21| 0.22] 0.26| 0.20
Glu 1.05/1.28|1.88|1.61|1.28|1.00|1.54|1.57|1.25/0.97|0.93|1.51|1.52|1.75|1.32|0.79| 1.45| 1.27| 1.36| 0.77
Pro 0.20| 0.23]0.19| 0.22( 0.21] 0.25| 0.24| 0.21| 0.21| 0.23| 0.18] 0.23| 0.22| 0.28| 0.37| 0.26| 0.26| 0.16| 0.23| 0.16
Gly 0.19]0.22] 0.20| 0.18] 0.16] 0.19| 0.18] 0.16] 0.21] 0.16] 0.15|/ 0.16] 0.18] 0.22] 0.28] 0.18] 0.17| 0.14| 0.19]| 0.12
Ala 0.21| 0.24]0.22| 0.27| 0.22| 0.22| 0.18| 0.25| 0.21| 0.23| 0.21] 0.20| 0.25] 0.25| 0.37| 0.22| 0.21| 0.22| 0.23| 0.14
Val 0.31|0.22]0.31| 0.38( 0.22| 0.22| 0.18| 0.29| 0.31| 0.26| 0.21| 0.20| 0.33| 0.31| 0.28| 0.18| 0.19| 0.26| 0.28| 0.22
Met 0.09|0.07|0.12| 0.12| 0.09| 0.07| 0.08| 0.13| 0.12| 0.09| 0.09| 0.08| 0.14{ 0.11| 0.11| 0.08| 0.07| 0.09]| 0.09| 0.09
lle 0.17|0.15/0.21| 0.21|0.18| 0.14|0.12| 0.16/ 0.21] 0.19| 0.12| 0.14| 0.18{ 0.19| 0.15| 0.13| 0.13| 0.14| 0.19| 0.16
Leu 0.38| 0.42] 0.46| 0.34| 0.41| 0.36| 0.33| 0.33| 0.42| 0.45| 0.33] 0.34| 0.29( 0.41| 0.34| 0.33| 0.30| 0.26| 0.35| 0.37
Tyr 0.38| 0.23]0.42| 0.41|0.36| 0.22| 0.18| 0.25| 0.24| 0.19| 0.21] 0.20| 0.29| 0.22| 0.31| 0.26| 0.19| 0.22] 0.21| 0.22
Phe 0.31/0.31]0.32| 0.25] 0.23| 0.25| 0.21| 0.25| 0.24| 0.26| 0.21] 0.20| 0.22| 0.22| 0.25| 0.20| 0.19| 0.22| 0.21| 0.24
His 0.20| 0.21]0.21| 0.20( 0.25| 0.14|0.12| 0.16/ 0.17| 0.13| 0.12|/ 0.11] 0.18{ 0.16| 0.15| 0.13| 0.11/ 0.12] 0.12| 0.12
Lys 0.36]0.28] 0.46| 0.32] 0.36] 0.31] 0.27] 0.29] 0.31] 0.32] 0.27| 0.25] 0.29] 0.31] 0.31] 0.26| 0.26| 0.22] 0.28| 0.31
Arg 0.59|0.28| 0.50| 0.49| 0.41]0.33/0.39|/ 0.45]/ 0.35/0.29]/ 0.51| 0.34| 0.40| 0.28] 0.28] 0.37| 0.30| 0.20| 0.26| 0.27
Essential 1.91 1.76 2.19 197 1.79 1.69 145 1.74 193 1.83 152 1.44 1.70 190 1.83 1.45 1.37 1.39 1.68 1.59
Total 8.26 6.07 7.98 7.20 6.55 550 557 6.69 6.53 553 5.14 547 6.60 7.10 6.71 4.77 5.29 5.11 594 4.95
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Some of amino acids play an important role durirgjlldrd reaction like Lys which is one of
the most essential amino acids and is presentrisiderable amount in the potatoes. Another
important amino acid is Asp which is one of the mprecursors of acrylamide formation
through the Maillard reaction. Losses of Tyr careRplained by the oxidation in the presence

of

oxygen during potatoes cutting prior to frying.

Conclusions

1.

There are considerable differences in several aragid profiles among potato varieties
and type of heat treatment was found. Significaniin the type of the potato variety
was found in Asp, Glu, Val, Met, lle and Tyr whilethin the type of heat treatment
applied in Asp, Val, lle, Tyr, Phe, His, Lys andgAr

. The change in Lys was discovered in type of heaittnent however differences within the

varieties were not significant as well as Glu aral While Asp changes were found both
within the potato variety and type of heat treattnen

. From the nutritional point of view, fair essenthino acid content in the control samples

was in ‘Lenora’, in baked, shallow fried and deap ffied potato samples of the variety
‘Madara’.
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Abstract

Seabuckthorn fruits contain functionally active quuands: vitamins, minerals, fiber, organic acidad a
phenolic compounds, important for human health.aA®sult of juice pressing marc is left which cetsiof
fatty acids, carotenes, insoluble fiber in a rgklii large amount. Since the tendency of usinglyirggound
wheat bread is rising, it is possible to increasenutritive value by adding seabuckthorn marc. @ime of this
work was to determine the changes of differentyfattids, carotenes, phenolic compounds and viténof
seabuckthorn mark during storage. The researctcamed out at the Experimental Fruit and Berrydessing
Center of Latvia State Institute of Fruit Growingrithg 2005, Latvia. It was found that the conteintadty acids
reduced for 4.3 to 21.6%, the content of vitamir t6r 54.5%, the content of phenolic compoundsr4#t9%
but the content of carotenes — for 32.7%.

Key words: seabuckthorn marc, fatty acids, phenolic compounds

Introduction

Seabuckthorn are one of the most valuable plapiscb@cause they contain vitamin, organic
acids, fiber, pectic compounds, carotenes, polyunsied fatty acids and other components
(Kawecki et al, 2004; Jamyansan and Badgaa, 2005; Lebeda, 2003he process of
obtaining seabuckthorn juice, as a leftover remaiasc, which contains 8-10% biologically
active compounds important for the human organisohyding natural antioxidants — vitamin
C and E, carotenoids, minerals and polyphenolsifkeya et al, 2003; Novruzov, 2005).
The marc is used for the production of pulp anddseé (Singh, 2005; Singh and Mdrsel,
2005). In Germany the marc after pressing is daied the oil is extracted by hexane, liquid
gas or similar way (Heilscher, 2003). In Mongoli&is extracted from the dry marc of the
seabuckthorn by Kazantsevis and Ohina method at6%0C (Avdai and Chimed-
Ochir, 2003).

The marc is possible to be utilized as a raw nmatdéor the production of palmitoleic acid
methyl ester concentrate (Klaas and Meurer, 2084w use was researched in the Institute
of Technology of Mogilev where fresh pressed sektaecn marc was used for the making
beverages (Timofeeva, 1996). However in Russiauties of marc are wider: in baking of
bread and manufacturing of vitamin mixtures fomfaanimals and birds (Zolotareva, 2004;
Tsybikovaet al, 2003; Kosheleet al, 2003). Similar research was done in Estoniagusin
seabuckthorn marc to increase the nutritive vafuegheat bread (L6ugast al, 2005).

The seabuckthorn marc can be used in bread, camiecy production and in other cereal
products to increase their nutritive value (SinZ®05; Gailite and Strautniece, 2005).

The storage of seabuckthorn marc after juice pngssan be different: it can be dried
immediately and stored dry or put into the refreder and stored at the temperature of -18 °C.
Biochemical content of the dry marc changes dustoyage. The changes can significantly
influence its nutritive value. Therefore the aimtlois work was to determine the changes of
different fatty acids, total carotenes, phenolimpounds and vitamin E during storage of dry
seabuckthorn marc.

Materials and Methods

The research was carried out at the Experimental &nd Berry Processing Center of Latvia
State Institute of Fruit Growing during 2005. Thesearchmaterial — fruits of different
seabuckthornHippophae rhamnoideis.) cultivars, widely grown in Latvia, was harvedtat
“Baltplant” Ltd, Dobele region and was stored frozg&t minus 18 °C until analyzing. The
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juice was pressed from thawing fruits with a pr&geran 60K”. The marc was dried by
compulsory air circulation for 24 hours at the temgture +4 °C; crushed in mill and stored in
plastic bags in a dark place at temperature +5 GCtliree months. The biochemical
composition of seabuckthorn marc was analyzed dwiarage.

The content of vitamin E in samples was establidie@ modified method. The method is
based on the extraction of carotenoides with petirol benzene. The same solvent was used
for the determination both of carotenoides andwitaE.

Five (5) g of sea buckthorn berries were crushetipr into a 100 ml retort. Ten (10) ml of
96% ethanol were added and the solution was miged fminutes. After adding of twenty
five (25) ml of petroleum benzene mixing was coméid 4 hours. Then thirty (30) ml oL@
was added and mixed for 15 minutes. The samplefiltagd. The sediment was rinsed with
ten (10) ml of 96% ethanol and two times withCH After the separation of both layers the
upper one was used for analyses. Yellow petroleenzdéne layer was put in twenty five
(25) ml retort and refilled till the mark.

Two (2) ml of petroleum benzene were taken and iptd twenty five (25) ml retort.
Ten (10) ml of ethanol were added and mixed. Then(@) ml of 0.5% 2,2’-dipiridyl solvent
was added in ethanol and mixed; one (1) ml of OR®Gk solvent added in ethanol and the
retort was placed in a dark place. After 15 minwgdsanol was added to the retort till the
mark. The absorbance of light was measured witpextsophotometer at 500 nm. At the
same time a control substance was prepared iratihe svay as the analyzed substance, only
instead of the analysis two (2) ml of petroleumZzere were taken. The content of vitamin E
was found by using a graduation curve and calcdilayeusing the formula:

_€x125x100

X , mg 100¢' (1)

where:
¢ — the content of vitamin E by using a graduatiorve, mg/25mi;
12.5 — factor of sample dilution;
a — weight of sample, g.

Analysis for determination of carotenoides:

Two (2) ml of petroleum benzene solvent were tated put in twenty five (25) ml retort,
refilled till the mark. The absorbance was read%@ nm. Petroleum benzene was used as
control.

For the analyzes of total phenolic compounds (m@gip the Folin-Ciocelteu method
(Singelton, 1999) was used, for fatty acids (% ofalt fatty acids) standard method
ISO 5508:1990 was used.

Dates were statistically elaborated using SPSSViodows and MS Excel.

Results and Discussion

The biochemical compositions of seabucthorn pulg s@ed oil are substantially different.
The palmitic (Ci6.9 and palmitoleic (Ge:1) acids dominate in the pulp oil, whereas linoleic
(C 189 and linolenic (Cig:3) acids dominate in the seed oil (Jamyansan andd&ad2005).
Since the seabuckthorn marc contains both oils) ifsecontent of fatty acids depends of the
proportion between these ingredient contents.

At the beginning of the research there were estadd higher contents ofi§3 and Gg.3 fatty
acids (respectively 32.3+2.3 and 25.8+1.8%) ingample (Figure 1). However, the contents
of Cie.0and Gg: fatty acids were less than on average in pulgregpectively 15.4+1.1 and
12.5+0.9%). It means that the samples of marc aoathigher amount of seeds than the skin
and pulp part. The samples contained 2.1+0.1% €1.4+0.8% Gg.1and 0.4£0.03% Gopin
average (Tab. 1), that conforms to data given terdiure (Jamyansan and Badgaa, 2005;
Korovina and Fefelov, 2005). After 60 days of matorage the considerable losses were
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established for .1, Co0.0 and Ggy fatty acids (respectively 21.6; 20.0 and 14.9%)e Th
content of Gg.1fatty acid decreased by 10.2%, buyt.6Cis.3and Ggrespectively by 9.5; 7.0
and 4.3%.

Table 1
Changes of fatty acids during storage
*Fatty acids - Storage3t(|)me, days —

Palmitic (Cis:0) 15.4 1. 14.9+1.( 13.1+0.¢
Palmitoleic (Cyg:1) 12.540.€ 11.7+0.¢ 9.8+0.%
Stearic (Cis:0) 2.1+0.1 1.8+0.1 1.9+0.1
Oleic (Ciga) 12.7+0.8 12.0+0.8 11.4+0.9
Linoleic (C1g.0) 32.3+2.3 33.4%+2.3 30.9+2.1
Linolenic (Cqg.3) 25.8+1.8 24.6x1.7 24.0+1.7
Arahinic (Co.g) 0.4+0.0: 0.37+0.0: 0.32+0.0:.

* 0o of total fatty acids

The content of total carotenes in whole dried &ui$ in average 20.43 mg 100'g
(Novruzov, 2005). It still substantially dependstba initial content of carotenes in the fruits,
as well as on the processing technology (Heilsc2@03). Several researches testify that the
content of carotenes in seabuckthorn oil in a dadce at temperature +5 °C after three
month storage decrease from 42.5 to 47.5% (Novruz@5; Bekkeet al, 2005).

At the beginning of our research the content ddltoarotenes in seabuckthorn marc was on
average 37.0 mg 100'¢Figure 1).

This research did not show disparity in the contntotal carotenes after 30 storage days
(p>0.05). Disparity was established after 60 sterdgys (p<0.05) where the content of total
carotenes decreased to 32.05 mg 160Tde content of total carotenes decreased for82.7
during whoI%storage time (90 days), which is casgile with the data in literature.

'O

= 40,0 |

g o ——

g 37,0 36,24

o 32,05 ",
< 200 ,
e

[

o

8

o 0,0

l_

0 30 60 90
Storage time, days
Figure 1. Changes of total carotenes content duringtorage

Fruits of seabuckthorn contain different phenolienpounds that are represented mainly by
flavonols, leuoanthocyanins, catechins, chlorogexi etc. The total content of phenols
depends on the cultivar and varies from 828.7 892®mg 100 § (Novruzov, 2005). As this
researcher indicates, the content of phenolic comg® is influenced not only by cultivar but
also species, grooving place and stage of ripehesise beginning of the research there were
2256.4 mg 100 § of total phenolic compounds in dry seabuckthormar(&igure 2). With
probability 95% there was established a dispanity0(028<0.05) after 30 storage days.
Relevant decrease was established after three-rstoréige reaching 1243.3 mg 100 g

The content of total phenols in seabuckthorn macrehsed for 44.9% during the whole
storage time.
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Figure 2. Changes of total phenolic content duringtorage

Summarizing the research data from China and Itaé/content of vitamin E in pulp oil may
be 54.3-248.2 mg 100g(Rongsen, 2005; Antonellet al, 2005). Depending on the
extraction way and technology the content of vitank is different, in addition it is
significantly influenced by the growing environmeoit the crop. For example iaubsp.
sinensig(growing place Jiaoko County, Shaxi, China) in weil the content of vitamin E in
pulp oil and seed oil was higher (respectively 228 688 mg 100 than in dry badlands
(respectively 150-170 mg 100"g(Wei and Guo, 1996). Similar results were shown b
research from Mongolia: the pulp oil contained @30mg 100g, but seeds oil
260.0 mg 100 § of vitamin E.

The beginning of our research there was 559.5 roggt®f vitamin E in seabuckthorn marc.
The content of vitamin E relevant by decreasednduill storage time. In addition the
decrease was on average about 85 mg T0@ drst two months, but in the third month on
average 134 mg 100'g(Figure 3). At the end of research the contenvitfmin E was
decreased by 54.5% (to 254.39 mg 100 g

W 600.0
£
S
s
S " 400.0
,; 2
(@]
[0
£ £ 200.0
o
(&S]
Q
£ 0.0
0 30 60 20
Storage time, days
Figure 3. Changes of vitamin E content during storge
Conclusions

The obtained data show that it cannot be recommknoestore dry seabuckthorn marc,
because during storage its nutritive value sigaiftty decreases, along with the possibility to
use it for the nutritive improvement of other protiy e.g., wheat bread. The highest losses of
fatty acids during 60 storage days were establisioedCis.1, Co0.0 and Ge:o fatty acids
(respectively 21.6; 20.0 and 14.9%). The contentotdl carotenes in seabuckthorn marc
decreased by 32.7%; the content of total phenaliopounds — by 44.9% but the content of
vitamin E decreased by 54.5% during 90 days.
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Introduction

Aromatic and medicinal plants are a good sourcebfoactive components which may be
used in foods, nutraceuticals agrimordgfimonia eupatorial.) and fragrant agrimony
(Agrimonia proceral.) are Rosaceae family plants growing wild in &e. They have been
used in folk medicine for blood, cardiovascularstgaintestinal, genitourinary, inflammatory,
liver, respiratory tract, skin and some other ctiads. However, scientific information on
their composition and properties is rather scafte aim of this study was to assess radical
scavenging properties and composition of extracid toeir fractions isolated from two
Agrimoniaspecies by different polarity solvents

Materials and Methods

The plants were grounded before extraction andaeted with acetone or methanol in
automatic extractor. The solvents were removed notary vacuum evaporator. Aqueous
extracts were obtained by shaking ground materigh water and concentrating obtained
extracts in a freeze drier. Crude acetone extragte further fractionated by using two
immiscible solvent systems in a separation funfiéle separation was based on different
solvent polarity (hexanet-buthylmethylether, butanol and water). Radical veoging
capacity (RSC) of extracts was measured in DPRRH ABTS' radical reactions; their
composition was determined by HPLC/UV/MS.

Results and Discussion

The RSC ofA. eupatoriaandA. proceraextracts varied in a very wide range:-<9¥.5% in
DPPH reaction and 6:779.5% in ABTS' reaction, depending on the solvent polarity. The
extracts isolated with hexane were not effectives t a low solubility of polar antioxaidants.
HPLC/UV/MS analysis of extracts resulted in sevepantitatively important peaks; three of
them were identified as luteolin@-glycoside, hyperoside and apigenin-glycoside. it ba
concluded that the results obtained encourage durthore comprehensive studies of
Agrimonia species, which may find applications in the prapan of health promoting
functional ingredients.
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COLLABORATION DUTCH PUBLIC FOOD SAFETY AUTHORITY AN D
PRIVATE CERTIFICATION BODIES
A.J.M. (Toon) van Aert

Dronten University of Applied Science,
De Drieslag 1, 8251 JZ, Dronten, The Netherlardmail: aet@cah.nl

Introduction

In the Netherlands, there is a long tradition imgbices in the field of food safety. The
obligation to have a good working HACCP-system ache place where food is being
produced, stored or processed already exists 4i886. Another important driver for Dutch
food producers to upgrade and improve the HACCResyscontinuously were the specific
requirements on food safety of some leading fodallezs in the Netherlands. They claimed
that each supplier not only had to fulfil the legafuirements of having a well working
HACCP-system, but also had to have a HACCP-ceaitéicAs a result of these requirements,
nowadays 60% of the Dutch food producers/procegsmsess a HACCP-certificate which is
a much higher number than in any other countripeeiin EU or in the rest of the world.

This claim could be set due to the fact that a BIHACCP scheme exists that is already
accredited since 1997. This Dutch HACCP schemedtitements for a HACCP based Food
Safety system”) results in a private certificaléne Dutch HACCP-scheme is compiled by the
National Board of Experts — HACCP in The Nethermrahd is owned by the (private)
Foundation for Food Safety Certification. The DutddhCCP scheme is GFSI approved
since 2002.

Need for less duplication of audits.

Of course the Dutch Food Safety Authority (VWA =tblu Food and Consumer Product
Safety Authority) has a legislative task and resjalhty to safeguard the food safety. This
authority surveys, assesses and communicatesdke and makes them manageable in the
society. They try to realize this task by monitgrithe safety of food, feed and consumer
goods, the health and welfare of animals and tbehal and tobacco legislation. The VWA
until now disregarded the HACCP-certificates whidhere achieved by the food businesses.
The motivation for this was the own responsibiiiyen by the EU and Dutch government.
Certified food businesses were assessed and meshibor the same way as non-certified food
businesses. Certification is a private initiativelas a company'’s choice. Of course this way
of monitoring and assessing was criticised by #wifted food businesses which put a lot of
effort in gaining the HACCP-certificate.

Recently started a discussion between the publi’A\&d the private certification bodies to
discuss how more confidence from the VWA could bkieved. A better collaboration was
seen as a general interest for anybody. When thé \é@uld be convinced of the quality of
these private certification audits, this could Werel HACCP certified food companies and
the VWA as well. So an intensive discussion stari&dnumber of measurement were
discussed which were already implemented since nyaays as qualification of auditors,
harmonisation of audits and audit reports and ntpktie information available for VWA. In
return, the VWA is willing to share their specikoowledge and experience, e.g. by opening
their unique database which gives a clear viewllgb@ssible risks in a certain sector of the
food industry.
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New public and private partnership

Very recently the certification bodies and the Féadhority and the food industry agreed in
a unique cooperation which resulted in a changéhén policy of the Dutch Food Safety
Authority: a risk based policy and using privatdiatives of the food industry. Transparency
in the market and sharing food safety knowledge iarportant preconditions for this

collaboration. Finally it has to result in less @sidand an improvement of food safety
throughout the whole food supply chain. This newywé& monitoring and surveying food

businesses by the VWA has already started in 2808 @ilot. If the experiences are positive
this cooperation will be extended to other seatdthie Dutch food industry.
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Abstract

It is well-known that cooking of various meats at high temijpees results in the formation of compounds that
are not present in uncooked meats. Heterocycliecnatic amines (HCAs) are an important class of heat-
produced compounds. They were found to be mutagerdacarcinogenic for animals and even for humahs.
aim of this study was to measure the amount of H@Abeef during very long time and high temperature
cooking. After sample extraction from the modelteys by using Chromabond XTR and Chromabond PS-H
cartridges the concentrations of HCAsgere separated by HPLC and measured by a massapetry using
mass selective detection mode. Six HCAs (1Q; Med(@-DiMelQx; MeAuC; Trp-P-1; PhIP) were identified
and quantified in the heated beef samples. Theertdrations of these HCAs varied from undetectablels to
50.4 ng ¢. MeAaC and Trp-P-1 were present in heated beef extatctise highest concentrations, while the
values for the amino imidazoazaarenes were lowhiP Rvhich is one of the most abundant HCAs in
conventionally heated meat was found at rather baitentration.

Key words: heterocyclic aromatic amines, heated beef, ammmidazoazarenes, amino carbolines

Introduction

Heterocyclic aromatic amines (HCAs) are formed myrithe cooking of meat
(Keatinget al, 1999). Since the discovery of heterocyclic aracainines in foods a large
number of scientific publications have been puldldshon this subject until nowadays.
Generally, there are two classes of HCAs: aminal@anbazarenes and amino carbolines. The
amino-imidazo part of the amino imidazoazaarene emgé is formed from creatine
(creatinine), while other substitutes come frome&ter degradation products (pyridines or
pyrazines), which are formed in the Maillard reastibetween sugars and amino acids.
Amino-carbolines are formed during pyrolysis of amiacids or proteins at higher than
300 °C temperature. Both of these classes contaie tthan 20 different compounds. Some
of them are strong mutagens and carcinogens asdtakserved in the experiments with
animals (Sugimura, 2002); moreover, some study isatowed how HCAs may influence
the formation of human cancer (Felton, 1995).

There are a lot of factors influencing the formataf HCA in meat. However, it seems that
the most important factors are four: food composittemperature, time and contact with heat
source. Therefore, the increase of temperatureoah@ating time may result in higher HAs
concentrations. The aim of this study was to meate amount of HCAs in beef during very
long time and high temperature cooking.

Materials and Methods

Chemicals and materials

All HCAs references were purchased from Torontoddesh Chemicals (Toronto, Canada);
acetic acid, acetonitrile, methanol (all HPLC graded diethylene glycol were from Sigma-

Abbreviations of HCASs:

PhIP 1-Methyl-6-phenyl-1H-imidazo[4,5-b]pyriding&nine CAS No.: 105650-23-5;
1Q 2-Amino-3-methylimidazo[4,5-F ]quinoline CAS N@6180-96-6;

MelQ 2-Amino-3,4-dimethylimidazo[4,5-f Jquinolin€AS No.: 77094-11-2;
4,8-DiMelQx  2-Amino-3,4,8-trimethylimidazo[4,5-f]goxaline CAS No.: 95896-78-9;
Trp-P-1 3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]indml acetate CAS No.: 68808-54-8;
Trp-P-2 3-Amino-1-methyl-5H-pyrido[4,3-b]indoleAS No.: 72254-58-1;

AoC 2-amino-9H-pyrido[2,3-b]indole CAS No.: 26148-68

MeAoaC 2-amino-3-methyl-9H-pyrido[2,3-blindole CAS N68006-83-7;

Glu-P-1 2-amino-6-methyldipyrido[1,2-A:3',2'-D]idézole, hydrochloride hydrate CAS
No.:67730-11-4;

Glu-P-2 2-aminodipyrido[1,2:3',2-D]imidazole, hydrochloride CAS No.: 67730-30-
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Aldrich (Germany); ethyl acetate from Chempur (Rda sodium hydroxide, hydrochloric
acid and ammoniumhydroxide (25%) from Merck (Daadst Germany). Diatomaceous earth
extraction Chromoband XTR (70 ml, 14500 mg, kiegbiyyand Chromoband PS-H+ (strong
PS/DVB cation exchanger in H+ form) cartridges werevided by Macherey-Nagel (Duren,
Germany).

Meat preparation and cooking

Beef was purchased from the local market. One kgawf beef meat was homogenized,
freeze-dried and stored in a freezer at -18 °A us@. One g of freeze-dried meat was heated
with diethylene glycol (10 ml) in crucibles at 22C for 30 min using oven (grill with
convection program). The crucibles with meat wereediately cooled on ice after heating.
Extraction of HCAs

The chromatographic separations of HCAs were pewédrusing modified method (Messner
& Murkovic, 2004). All samples were dissolved in i 1 M NaOH and homogenized for
30 min at 150 rpm. The alkaline solution was pourgd Extrelut cartridges. Ethyl acetate
(50 ml) was used as the extraction solvent ancethate was passed into PS-ehrtridges.
The cartridges were washed with 0.1 M HCI (2 mil &meOH (2 ml) and HCAs were eluted
with 2 ml MeOH-concentrated ammonia (19/1, v/v)l gdmples were evaporated to dryness
(using nitrogen) and extracts were dissolved in m@omethanol before measurement.
Identification and quantification of HCAs

All conditions were maintained similar as descrilpeelviously (Messner & Murkovic, 2004).
HCAs were identified and their amount was deterahibg HPLC-MS system using Waters
ASSC-MS equipment (Waters, Milford, USA) equippeithwWaters 1525 ASSC pump,
Waters ZQ-2000 mass spectrometer on a reverse pimadgical column (Altima C18 5u,
150 mm, ID 2.1 mm). The data was analyzed using sMagnx 4.0 software
(Micromas UR Ltd., England). Mass selective deteetas equipped with an atmospheric
pressure ionization electrospray (API-ES) usingagrhentation voltage of 45 V for positive
ionization. Drying nitrogen was heated to 350 °@ #re drying gas flow was 10 I/min.

The data were acquired in the selected ion modél@As and calculated in the extract ion
mode. The HCAs were quantified using calibrationvewf each HCA in MeOH.

Results and Discussion

Preparation of beef samples, identification andngjtieation of HCAs were performed using
new model system described elswhere (Messner & itk 2004). LC-MS chromatograms
of the selected solutions of HCAs references in Meddd beef meat samples heated for 30
min at 220 °C in crucibles are presented in Figursix HCAs (1Q; MelQ); 4,8-DiMelQXx;
MeAaC; Trp-P-1; PhIP) were identified in beef samples.

LC-MS chromatograms of several solutions of HCAfemences in MeOH (100 ng ml) and
beef meat samples heated for 30 min at 220 °Cuicildes are presented in Figure 1.

The concentrations of HCAs in freeze dried beeffdamare presented in Figure 2.

In general, the concentration of different HCA ineah varied from undetectable to
50.4 ng §. MeAaC (50.4 ng §) and Trp-P-1 (31.4 ng) were present in highest amounts in
beef extracts. It should be noted that unusuatij llmount of Me&C was found in meat of
our study comparing to some previously publishedsulte (Skog et al, 1998;
Toribio et al, 2000; Messner & Murkovic, 2004); the concentiatof MeAaC in earlier
studied real and/or model systems was more thanim®s lower. Comparatively small
amounts of 1Q (11.1 ngy, MelQ (14.3 ng g) and 4.8-DiMelQx (10.6 ngY were formed
during thermal treatment of meat. PhIP which is afethe most abundant HCAs in
conventionally heat treated meat was determineaun meat samples in a quite high
concentration constituting 22.3 ng-.glt should be noted that this finding differs fratme
previously reported, when beef samples were hased) almost the same model system at
the same time and temperature (Messner & Murkd@@4). It might be due, that in our
experiment 10 times higher amounts of samples aagents there were prepared and cooked.
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Also, some role may play differences in a type obldng oven as well as extraction
cartridges, which were used in our and above meaticstudy. Others available HCAs as a
reference compounds were not found in cooked naapkes.
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Figure 1. LC-MS chromatograms of several solutions of HCAs rierences in
MeOH (100 ng/ml) and beef meat samples heated fo® 3nin at 220 °C in crucibles
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Figure 2. HCAs concentrations in freeze-dried beef samplestaf heating
for 30 min at 220 °C temperature

The comparison of the data obtained on various HDdkates that there was a significant
difference between the concentration of amino imi@aaarenes and amino carbolines. The
values for the amino imidazoazaarenes were lowesstNkely this finding can be explained
by the fact that carbolines and their analoguesliysiorm during treatment of meat at very
high temperatures. Consequently, heating 1 g ot fioe@0 min at 220 °C can be considered
as a very long time and high temperature therraeaktnent.

Conclusions

Five of six HCAs which were identified in beef sdegp possess strong mutagenic-
carcinogenic properties. The concentrations of itlemtified HCAs in heated meat varied
from undetectable levels to 50.4 ng.dgVleAaC and Trp-P-1 were present in heated beef
extracts at the highest concentrations. The corattort of PhIP, which is one of the most
abundant HCAs in cooked meat was also preseniatta high quantity. The values of 1Q;
MelQ; 4,8-DiMelQx in heated beef were lower, onmge 12 ng §. It can be concluded that
higher amounts of amino-carbolines HCAs than anmimmazoazaarenes type HCAs are
formed during long time and high temperature cogkihbeef.
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Abstract

The main carbohydrates of honey are fructose, gkicsucrose and maltose. Invertase hydrolyzes saiatmout
fructose and glucose. Therefore low content of aerand high content of glucose and fructose ireyare
parameters for characterization of honey qualigveBal sorts of honey contain heightened contembaifose.
Therefore it is possible to use this criteria fientification several honey sorts. Each carbohgdnat a specific
angle of rotation of polarized light (specific riten). It depends on relations and content of cayboates in
honey. The aim of the present research was to les$tathe relationship between honey sorts and coroé
carbohydrates as well as specific rotation and ipiiies of using these criteria (content of canlgdrates,
specific rotation, and activity of invertase) fdnacacterization of honey quality. Following paraenstwere
determined with different physico — chemical methospecific rotation — by method of polarimetryntamt of
sugars with high pressure liquid chromatography awctlvity of invertase — spectrophotometrically. €Th
following results of honey analysis were obtaingd: activity of invertase 4-30 (invertase numbeontent of
carbohydrates (sucrose 0.5-3.0%, glucose 30-383%tofe 35-42%, and maltose 1-6%); specific rotation

[a]? at-16 to -5°. The obtained results indicated that content dbalaydrates partially dependent on honey

sorts. Content of sucrose depends from invertasigitgcin honey. Invertase is good parameter fonéyp
characterization. Specific angle of rotation ofgs@ded light is not available for identification lebney sorts.
Key words: honey, sugars, invertase, polarized light, ideatfon.

Introduction

Honey is a complex natural product, containing mtran 400 different substances, e.g.
various carbohydrates, organic acids, proteins,nangcids, enzymes, aroma substances,
mineral substances, pigments, waxes, etc (Befi., 2005).

The main carbohydrates of honey are fructose, gkicesucrose and maltose. Invertase
hydrolyzes sucrose about fructose and glucose,ebmymes amylases hydrolyzed starch
about carbohydrate maltose, glucose and dextksexosckuii, Kysnerosa, 2003).

The name of mix from sugars glucose and fructosavert sugars. The content of glucose
and fructose in honey average is 31.3% and 38%eilriurn content of maltose in honey is to
9%, but content of sucrose to 8%, in several h@oeis yet more. Proportions of glucose and
fructose partially determine the crystallizationseasd of honey. Fructose determines the
hygroscopic features of honey, but glucose — tleedf honey crystallization. Honey with
partially crystallization, the top liquid layer, siaally contains fructose (Farmer, 2003;
Belitz et al., 2005; Kasenburger, 2006).

The highest content of sucrose and lowest contemvert sugars (glucose and fructose)
characterize the bad maturing of honey or else tadmee feeding with sucrose
(ITa6aprmos, 2002).

EU and Latvia are adopted the following standafdguality control for honey sugars: invert
sugars in flower honey — no less than 60%, in hdeeyhoney — no less than 45%; sucrose —
no more than 5%, in some exceptions — 10% (Coudiog#ctive 2001/110/EC, 2002; LR MK
noteikumi Nr.522, 2003).

Several sorts of honey contain heightened contentaitose. Therefore it is possible to use
this criteria for identification several honey sofienryproii, 2002).

Each carbohydrate has a specific angle of rotaifopolarized light (specific rotation). It is
depending on relations and content of carbohydiatéeney. As now, that specific rotation
of carbohydrate fructose is -92.4°, specific ratatof glucose +52.7°, specific rotation of
sucrose +66.5°, but specific rotation of maltose.4°JYenyproii, 2002).

One of the characterizations criteria of honey igpak activity of enzymes. Important
enzyme in honey is invertase. Invertase is morsiges to heat than amylases and loses
activity during storage faster compared to amyla3émt is why in few countries (ltaly,
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Switzerland) invertase is used as additional datéo characterize honey quality. As a
freshness indicator invertase is also used in heteaydards of the beekeepers association in
Germany, Belgium and Spain (Bogdareial.,1999).

In conformity to EU recommendations it was propo&t fresh and unheated honey should
have an invertase number (IN) higher than 10, buhbney with low enzymatic activity IN
higher than 4 is recommended (Bogdanov, 1997).

The aim of the present research was to establshretfationship between honey sorts and
content of carbohydrates as well as specific rtatind possibilities of using these criteria
(content of carbohydrates, specific rotation, aotivay of invertase) for characterization of
honey quality. Research the relationship betweeeriase activity and content of sucrose in
honey. Following parameters were determined witletint physico — chemical methods.

Materials and Methods (Bogdanov, 2002)

In our work was analysed various honey sorts (warittowers, wild flowers, lime blossom
flowers, dropwort flowers, phacelia flowers, swektwer flowers, heather flowers, meadow
flowers and buckwheat flowers) from different reggoof Latvia.

Content of carbohydrates(glucose, fructose, sucrose, and maltose) in haeydetermined
by method of high pressure liquid chromatographiyl(8).

Principle. After filtration of the solutions, the sugar cent is determined by HPLC with RI —
detection. Peaks are identified on the basis of thgention times.

Calculation Quantitation is performed according to the extestandard method on peak
areas or peak heights.

Parameters for method:

column: Altima Amino 100A 5 u,

flow rate: 1.3 ml mift,

mobile phase: acetonitrile/water (70:30 v/v),

column and detector temperature: 30 °C,

sample volume: 10 pl.

Specific rotation was determined by method of polarimetry.

Principle. The angular rotation of a clear, filtered aquealst®n is measured by means of a
polarimeter. The value is related to the carbohygdcamposition.

Calculation. The specific optical rotatioja]?’ is the angle of rotation polarized light at the

wawelenght of the sodium D lin@$589.3 nm) at 20 °C of an aqueous solution of 1déypth
and containing 1g ritlof the substance.
a [100
a 20 =
[olo == 5,

: 1)

where:a — angular rotation found,
| — length in decimetres of the polarimeter tube,
m — grams of dry matter taken.

The activity of invertasein honey samples was determined by method of sgguitometry.
Principle. p-Nitrophenyla-D-glucopyranoside (pNPG) is used as substrate tfoe
determination of the invertase number in honey. @N#split into glucose and p-nitrophenol
by invertase. By adjusting the pH value to 9.5 ¢in@ymatic reaction is stopped and at the
same time nitrophenol is transformed into nitropgiate anion, witch corresponds to the
amount of converted substrate and is determinectregnotometrically at 400 nm.
Calculation. Invertase activity is expressed in invertase uiiskg™) or in invertase number
(IN), where 1 IN=7.344732 IU kfj One IU is defined as the number of micromoles of
substrate destroyed per minute and expressedIpgrdin of honey. One IN is defined as the
number of gram of sucrose hydrolysed per hour apdessed per 100 grams of honey.
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where: A — the value of absorbtion,
21.64 — slope of the linear regression of IN (ysaRINAA 400 (X axis).

Results and Discussions

Various honey samples from different regions ofviaa{gathered in 2007) were investigated.
Analyses were done in laboratories of the Chemidegartment of Latvian University of

)

Agriculture.
Results of investigations of different kinds of Bgrare shown in Tablel.
Table 1
Content of carbohydrate in honey and specific rotaon
Regions | Content of carbohydrate in honey, % Specific

Kinds of honey g athoef ring Fructose | Glucose| Sucrosg Maltose ro[tz'glg)n,
Various flowers Ludze 38.6¢ 33.1: 2.32 1.04 -12
Various flowers Jekabpil 37.1( 37.9¢ 1.92 3.9z -9
Various flowers Cesis 40.17 36.13 2.28 3.02 -14
Wild flowers Madona 36.40 32.67 2.31 1.26 -5
Wild flowers Cesis 41.74 33.09 2.12 0.73 -16
Lime blossom Riga 37.72 35.21 1.98 1.95 -7
Lime blossom Talsi 38.0¢ 36.3] 2.17 2.11 -8
Dropwort flowers Valka 40.5( 38.1 2.1 0.87 -16
Heather flowers Limbazi 37.91 33.2( 2.4C 4.2¢ -10
Meadow flowers Riga 39.12 37.03 2.32 1.75 -14
Buckwheat Saldus 37.96 38.48 1.72 3.12 -16
flowers
Phacelia flowers Jelgava 41.52 38.51 2.31 6.00 -14
Sweet clower Riga 37.30 37.77 2.69 4.99 -8

From results of “specific rotation” it is possilile ascertain, that specific rotation of honey is
not depending from a honey kinds. It means thaptrameter of specific rotation cannot be
used for identification of honey kinds.

It is necessary to note, that at all samples okfipand a parameter of specific rotation is a
negative size. Polarized light of all analyzed hos&mples turn on left.

From results of content of carbohydrates in homey possible to ascertain, that the content
of carbohydrates are not full depending from hokiys. At analyzed honey samples the
attitude fructose/glucose is in an interval 0.9261.

It is known, that the crystallization of some horkyds are faster, and the crystallization of
some honey kinds are more slowly. Speed of cryssibn in honey is defined with a
proportion and the content of carbohydrates in fione

It is known, that carbohydrate glucose promotesditystallization of honey, and however
carbohydrate fructose breaks crystallization ofdyon

Crystallization of such kind as heather blossomelyois slowly. About the analysis of ours
research can see, that the content of glucosesithéeblossom honey one of the smaller.

It is necessary to note, what even in boundariesnef kinds of honey, honey can have a
different speed of the crystallization.

The content of reducing sugars is differentiatedquality standards of flowers and honeydew
honey. Standards of EWodex Alimentariusand Latvia require the following: in flower’s
honey it has to be6® g 100 d, in honeydew honey it has to bd5>g 100 g. The same
content £45 g 100 ¢) of these sugars has to be in blends of both ficavel honeydew
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honey (Codex Alimentarius Standart 12-1981, Re20P1; Council Directive 2001/110/EC,
2002; LR MK noteikumi Nr. 522, 2003).

In both standards the norm of sucrose is requineet no more then 5%. In some sorts of
honey the sucrose content can be higher. So inyhfsom lucerne and citric plant sucrose
content can achieve 10%, and in honey from laveaden 15%.

The data of our analyses give evidence that conmdénteducing sugars and sucrose in
explored honey’'s samples complies with requiremehtpuality standards of EU and LR for
honey, as well as they correspond to data giveéheriterature (Belitz et al., 2005).

If to compare the content of carbohydrate maltaseaney between different kinds of honey,
it is necessary to note, that despite of some kioidéioney with the raised content of
carbohydrate maltose in honey (sweet clover anéyhaoh phacelia), at other kinds of honey
the maintenance of carbohydrate maltose approxiynsitailar.

29

27 . y =-0.002x + 2.486
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Figure 1. Influence of invertase activity in honey on the catent of sucrose in honey

However it is possible to approve, that the contérdarbohydrate maltose in honey partially
depends on a kinds of honey.

It is know, that enzyme invertase hydrolyses sueadsout glucose and fructose. In our work
also was determined activity enzyme invertase inelgosamples. The correlation between
activity enzyme invertase and the content of sweros honey was determined. Our
observations are disclosed in Figure 1.

From the results of regression analysis (signiftealevel 0.05) ascertained, that there is the
some dependence between the content of sucrosmaeytand invertase activity. As can see
from Figure 1, the more the content of sucroseadnely, then less is activity invertase in
honey. If to compare activity of invertase in hortestween different kinds of honey, it is
necessary to note, that lowest activity of invertas honey are at such kinds of honey as
honey from phacelia, meadowsweet honey and sweetichoney. At other samples, activity
of invertase in honey corresponds with criteria "tiiterantional Honey Commission”
discussions. Despite of rather low activity of irese at some samples of honey, it is
impossible to approve, that in these samples tverled quality. About quality of honey it is
possible to judge, estimating other parameters;hwbinaracterise quality of honey.

Conclusions

1. Specific rotation of light cannot be used for itigration of honey kinds.

2. The content of maltose in honey partially dependa &ind of honey.

3. Content of invertsugars (glucose and fructose) sumctose in honey correspond with
quality criteria of EU and LR.

4. Content of sucrose in honey partially depends acatiaity of enzyme invertase in honey.
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Abstract

The aim of the study was to determine the influesfocespberry marc on the degree of liking of tHeeat bread
and the intensity of the main sensory propertieso(a of breadcrumb, aroma, flavour, porosity andraess).
The evaluation took place in the sensory laboratdryhe Faculty of Food Technology, Latvia Universf
Agriculture. The berry marc used in the research prapared according to the technology worked roliaivia
State Institute of Fruit Growing. The control samphd wheat bread samples with 3%, 5%, and 7%spbeary
marc (from the flour mass) were made and bakedkpemmental bakery. The intensity of the main senso
properties was determined by using the line s@die. nine point hedonic scale was used to evalbatel¢gree
of liking for wheat bread with raspberry marc. Tralysis of variance (ANOVA) and Tukey's test wesed to
analyze the results of sensory evaluation. Thetsestithe sensory analysis show that the usesgharry marc
in baking high milling wheat bread influence colairbreadcrumb, flavour, aroma and sourness tieés not
affect porosity. The hedonic evaluation of the Hremmples show that there do not exist any sigmific
differences in the degree of liking among the whmatd control sample and the new wheat bread ssmypth
3%, 5%, and 7% of raspberry marc.

Key words: wheat bread, raspberry marc, sensory properties

Introduction

Bread and its products are an integral part of isbarent for the human body.
Notwithstanding the long history of bread it is avfethe most unique foodstuffs for human
bodies Koctposa, 2001).

Statistical data show that the tendency to eat tread is increasing. (Consumption of Food
Products.., 2004, 2005; Statistical Yearbook..,530€herefore it is essential to enrich bread
with fiber, vitamins, mineral substances and oteebstances, which improve nutritional
value of the bread.

Raspberries are a widely spread cultivar that avgrall over the world. These berries are
popular because of their colour, lovely flavouriciness and sweetness (Laugale, 2002).
100 grams of raspberries contain 3-8 g of sugac@ge, fructose), 0.9-1.4 g of organic acids
(malic acid, citric acid, salicylic acid), vitami and vitamins of B group, P, E, C, 0.5 g of
fat, 3.7 g of fiber, pectin substances (StrautR@Q5). Fresh and frozen raspberries are used
for food, as well as they are processed to obtagej fruit salad and jam; raspberries are used
as additive in yoghurt and confectionery productiéfter juice is obtained with the pressing
method the berry marc is 36% of the berry raw nigtetherefore some fiber, sugar, organic
acids, pectin and other substances remain in the (Daval, 1996).

Raspberry marc, that is a by-product remaining @fiiee is produced, is not used any further
so the possibility to use this valuable producthwitie aim to enrich the nutritional value of
wheat bread is being studied.

The aim of the study was to determine the influenfceaspberry marc on the intensity of the
main sensory properties (colour of breadcrumb, ardtavour, porosity and sourness) and on
the degree of liking of the wheat bread.

Materials and Methods

Dried raspberry marc has been made in Latvian $tatéute of Fruit Growing production
site. When the juice is liquidized by using thegsiag technology, the marc is dried in a
dryer with forced air circulation; the temperatusesuggested not higher than 40 °C, the
content of moisture in marc should be 9%. Raspberayc was ground in the grinder and
sifted.
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The control sample and wheat bread samples with 3%, 7% (of the flour mass) of
raspberry marc was baked at the experimental baker$/C “Dobeles Dzirnavnieks” in
accordance with the recipes and technological sekewf the bakery and by using the high
milling flour and additives such as - pressed bakgrast, sugar, salt, water, oil and raspberry
marc.

Four wheat bread samples were presented for tls®iseavaluation:

A — wheat bread (control);

B — wheat bread with 3% raspberry marc;

C — wheat bread with 5% raspberry marc;

D — wheat bread with 7% raspberry marc.

The line scale was used to evaluate the inten$isgsory properties (colour of breadcrumb,
aroma, flavour, porosity and sourness) of the wheaad. The degree of liking of the wheat
bread was evaluated by using nine point hedonies¢Rosteet al, 1991, Strautniece, 2004)
The sensory evaluation was repeated twice in tmsosg laboratory of food evaluation,
Faculty of Food Technology, Latvia University of Aaulture. 25 panellists (6 men and
19 women, mean age 23) were involved in the asgps&ach panelist received four
identical, coded bread samples. The sensory da@avelyzed using the analysis of variance
(ANOVA) and Tukey's test (Meilgaast al, 1999).

Results and Discussion
The results of line scale evaluation showing thensity of the sensory properties (colour of
breadcrumb, flavour, aroma, porosity and sournafsf)e wheat bread are shown in Table 1.

Table 1
Results of sensory evaluation by line scale of thgheat bread with raspberry marc

Sensory Samples
properties A | B c | D
Means value
Colour of breadcrumb 5.6( 6.9(C 8.6( 10.8(
Flavour 6.6( 6.8( 8.0C 8.2(
Aroma 6.5C 6.6( 7.6C 8.5(
Porosity 7.10 6.50 7.20 6.90
Sourness 3.90 4.80 6.80 8.60

The results of analysis of variance of bread waspberry marc are demonstrated in Table 2.
Table 2
Results of analysis of variance of main sensory pperties

Sensory properties Variance ratio Eajcuiatec Variance ratio Feiitical
Colour of breadcrumb 30.6 2.68
Flavour 4.98 2.68
Aroma 9.17 2.6¢
Porosity 0.84 2.6¢
Sourness 27.48 2.68

0<0.05

In accordance with the results of the analysis afiance — Faiculated30.6>Feriticay =2.68

(n=3, n=72), the conclusion is that there are significdifiterences in

the breadcrumb

colour intensity among the four estimated breadmasn The colour intensity of new bread
samples is influenced by the amount of the addspberry marc i.e. 3%, 5%, 7% (from flour
mass). The results of Tukey's test show that ther significant difference between the
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control sample (A) and the wheat bread samplesQBD) with raspberry marc. When
raspberry marc, which is pink, is added to the wklear, the soft part of the bread has riched
shade of raspberries.

The analysis of variance of flavour cdruiatedt4.98>Reriicay=2.68 reveal significant
differences in flavour intensity exist among tharfevaluated bread samples. The results of
Tukey's test demonstrate that sample (C) with 5¥asppberry marc and sample (D) with 7%
of raspberry marc have the most intensive flavbut,the bread sample (B) with 3% of berry
marc and control sample (A) have no differencelavdur intensity. When 5 and 7% of
raspberry marc is added to the new bread samplesgside with the bread flavour the
flavour of raspberries can be felt.

The results of the analysis of variance of aromgufted9.17>Reriicay=2.68) show that
there significant difference in aroma intensity aigaohe evaluated wheat bread samples with
raspberry marc and the control sample. Tukey srésstlts show that bread sample (D) with
7% of raspberry marc has a distinctly marked d#fifee in aroma, then it is followed by the
bread sample with 5% of raspberry marc, but themoidifference in aroma in bread sample
(B) with 3% of raspberry marc and the control sam@). The amount of the marc added to
the wheat bread increase the intensity of breatharbecause the aroma of raspberries enrich
aroma.

The consequently of the analysis of variance of ogity evaluation show that
FicalculatedT0.84<Reriican=2.68, it means that no significant differencesengiscovered among
the four evaluated bread samples in the inten$ipocoosity. The porosity of the wheat bread
is not influenced by raspberry marc added to thegdo

The results of the analysis of variance of soursséssv that Raiculatedy2 7.48>Reritica=2.68, it
means there exist significant difference in sowsriegensity among the evaluated four wheat
bread samples. Raspberry marc contains organics aid it influences the intensity of
sourness of the new bread samples (@l al., 2006). Tukey's test results show that bread
sample (D) with 7% of raspberry marc has the highegree of sourness, then it is followed
by the bread sample with 5% of raspberry marc, l@edd sample (B) with 3% of raspberry
marc. The control sample (A) has the least sourness

The obtained results show that the hedonic evalnasi from 5.7 (neither like nor dislike) to
6.5. (like a little). The results of analysis ofiamce of bread are shown in Table 3.

Table 3
Results of analysis of variance of bread samplesing hedonic scale

Source of Degree of Sum of squares| Mean square Variance

variation freedom, df SS MS ratio, F
Treatments 3 10.61 3.53 1.96
Panellists 24 46.72 1.95 1.08
Error 72 129.77 1.80
Total 99 187.10

0<0.05

The results of the analysis of variance show th@hicfraedl.96 does not exceed
Feriicay=2.68 therefore there do not exist any significdiffierences in the degree of liking
among the wheat bread samples. That means thatatiists liked all the bread samples
equally.
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Figure 1. Hedonic scores for the four bread samples
A— wheat bread (control); B — wheat bread with 2&pberry marc; C — wheat bread with 5% raspberng;ma
D — wheat bread with 7% raspberry marc.

Figure 1 shows the degree of liking of the foulreated wheat bread samples, the results
have been obtained by using hedonic scale.

Conclusions

1. The results of evaluating the sensory propertiesvsthat the use of 3%, 5%, and 7%
raspberry marc in the wheat bread technology infteethe colour of breadcrumb, aroma,
flavour and sourness of the wheat bread differdmilyit does not influence its porosity.

2. The sample containing 3% of raspberry marc haslgast changes in the intensity of
sensory properties, when compared with the costoiple wheat bread, which has only
some differences in their color of breadcrumb, smainess.

3. The hedonic evaluation of the bread sample showthigae do not exist any significant
differences in the degree of liking among the wheraiad control sample and the new
wheat bread samples with 3%, 5%, and 7% of raspinesrc.
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ALUMINIUM ANALYSIS — A PROFICIENCY TESTING STUDY
Amanda Earnshaw, Laura Prenton, Linda Owen
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Abstract

Proficiency testing is an external analytical qiyalissurance (AQA) measure i.e. the quality ofdhalytical
result is checked against criteria that are see¢peddently of the laboratory carrying out the asedy In a
proficiency test (PT), the participants’ resulte ased to derive the assigned value. Then, therdifte between
each result and the assigned value is comparedhetotarget standard deviation. The end product ef th
performance assessment is a standardised stétistien as a z-score.

In addition to assessing performance of particigaiaboratories, proficiency testing highlights fpgems in
laboratory analysis and can be used as an eduahtioal to help to improve data quality. The lastee
FAPAS”® proficiency tests (0770, 0787, 0784) have highkghproblems with assessing aluminium.

The results from laboratories taking part in a ¢gbichemical analysis will be normally distributed. the
majority of results will be centred on a mean vallwmeproficiency test 0770 (soya flour), multipleodes were
observed rather than a normal distribution. Aseheas insufficient evidence to draw any conclusiomss not
possible to set an assigned value or calculateatypres for this analyte. FAPRS$est 0784 (milk powder) had
a bimodal distribution and 3 modes were observaterFAPAS test 0787 (soya flour). In these tests, the major
mode was used as the assigned value.

FAPAS”® investigated using a reference value to checlasisggned value for one of the proficiency test8{07
This reference value was compared to the resultheoproficiency test and the methods used by gpatits.
The reference value was close to the major modetfandesults for ICP-MS methods were also simitathie
reference value.

Key words: proficiency testing, aluminium, quality

Introduction

Plants can take up aluminium from the soil and freater. So some plants, such as tea, and
some herbs and leafy vegetables, can build uplbigHs of aluminium naturally. Aluminium
can also be added to food during processing anck dood additives contain aluminium.
These are used in foods such as bakery produdes] gowdered foods and drinks, and
processed cheeses to improve the texture (Penninb®gs).

It is therefore important that materials, suchlam@ium, that are added to food or come into
contact with food, do not make food harmful and ihdoes not change the nature, substance
or quality of the food.

Scientific judgements on food data quality are undentinuous scrutiny. It is therefore
important to demonstrate that adequate confideraee b placed on results obtained by
laboratories. Laboratories need, therefore, to daestnate their performance and reliability in
such analyses. It is widely accepted in most aoédsod analysis and regulation that there
are a number of essential elements to laborataalityassurance. These elements include the
use of validated analytical methods, accreditafiovolving third party auditing and the
participation in laboratory proficiency testing sames (Wood, Nilsson and Wallin, 1998).
Thus, laboratories take part in proficiency testiogdifferent reasons, which include export
regulation on contaminants, labelling regulationsstomer requirements for quality and
guality data for food databases.

There is an increasing demand for independent podafompetence both from regulatory
bodies and customers. Individual laboratories neelnow how well they perform against
objective standards and how their analytical resudimpare with others.

By setting the acceptable allowable variation atbtive assigned value at a level that reflects
best practice PT testing provides such objectiemdsirds. By expressing the participants’
submitted results as z-scores they can be compatiecach other, with those at the extremes
of the overall distribution being clearly indicated
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Materials and Methods

All the schemes administered by FAPASollow a similar pattern. For the aluminium
proficiency tests, suitable test materials arectetband tested to ensure sufficient homogeneity
and then distributed to requesting participantabdratories usually have 6—8 weeks to analyse
their samples and return their results. The stadistinalysis is carried out on the submitted
results and a report compiled for issue to laboieto The suitability and quality of the test
materials distributed are fundamental to the effeaess of a PT scheme. The two main criteria
for a suitable test material are that:

» Itresembles, as closely as possible, the real lssmgth which a laboratory routinely deals.

* Variations in the composition of the samples of & material distributed to participants
are kept to the minimum. This is readily checkedistically (Fearn and Thompson, 2001).

After a stipulated closing date the submitted ssare put through the statistical analysis.
Deriving the best estimate of the ‘true’ value (#ssigned value) must take account of the often
far from normal distribution of the submitted rasulA simple mean value is not appropriate as
it is too easily influenced by the presence of exie values hence FAPRSises a variety of
other more sophisticated robust statistical procesitio derive the assigned value (Analytical
Methods Committee, 1989; Thompson, Ellison and W@006).

Results and Discussion

Obtaining the assigned value for a proficiency test be difficult if the distribution of results
is not normally distributed. Proficiency testingopiders examine the distribution of the
participants’ results prior to arriving at the census mean. Sometimes there may be a
suspicion that laboratories are using differenthmé$ resulting in distributions that show
multimodality, skewness or a large variance.

A graphical representation means that FAPAS caclkchesult spread, central tendency, etc.
Looking at distributions showing multimodality ugitbump-hunting means that the overall
structure of the distribution can be observed (lloart and Thompson, 2002). Such problems
with distribution of data for aluminium have beeigHiighted in three recent FAPAS
proficiency tests (0770, 0784, 0787).

A bump hunt of the data for PT 0770 (Soya FlourPR&®, 2006) identified multiple modes
(Figure 1). As there was insufficient evidence itavdany conclusions it was not possible to
set an assigned value or calculate any z-scordhifoanalyte.

0770 Aluminium - "bump-hunting"

0.08+

0.06

Density

0.04

0.021

0.00

T T
-10 0 10 20 30
Analytical result mg/kg

Figure 1: Bump-hunting Histogram of Aluminium in FA PAS® 0770 Proficiency Test

Bump-hunting for PT 0784 (Milk Powder; FAPRS2007a) revealed the data set to be
bimodal (Figure 2). Although the major mode (1009 kg') was used to set the assigned
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value, the uncertainty of the mode was larger #vgrected and had a questionable effect on

participants’ z-scores. Hence the assigned vahake zascores were issued for information
only. The homogeneity mean value was 973 pidgkgl was similar to the major mode.

0787 Aluminium - "bump-hunting”
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o
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Figure 2: Bump-hunting Histogram of Aluminium in FAPAS® 0784 Proficiency Test
The recent soya flour PT (0787; FAPAR007b) identified three modes (Figure 3). The

major mode (6.81 pg K was used to set the assigned value, but z-se@es again issued
for information only. The homogeneity mean valuedtuminium was 7.1 pg kg

0784 Alurinium- "bumptunting”
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Figure 3: Bump-hunting Histogram of Aluminium in FA PAS® 0787 Proficiency Test

Figure 4 is a dot plot, from PT 0787, of the vaidmitted results for aluminium, separated
by participants’ declared methodology. The seveP-MS results (5.98-9.496 pg Rgwere
clustered around the assigned value (6.81 |19, kwhilst data from other detection methods
appear to be more widely scattered (between 3 antg&g)
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Figure 4: Methods used for Aluminium Analysis in FAPAS® 0787 Proficiency Test

A UK national reference laboratory for metallic tmminants undertook some research to
determine the reference value for aluminium in stigar (0787). The content of Al was
determined using ICP-MS and was found to be 7.2%giy This value was close to the
homogeneity mean value and the major mode, prayidindence that the major mode can be
used as the assigned value for aluminium profigi¢asts.

Conclusions

Aluminium analysis is of particular importance ironitoring foods to ensure that there are
not harmful levels present or that the qualityadd is not compromised. Thus, ensuring that
data quality is luminium is prone to contaminatfaom the laboratory environment e.g. from
traces in acids, leaching from glassware and fromdered gloves. However aluminium can
be difficult to solubilise when digesting a solidnsple, so under reporting can occur which
may be defit for purpose is important for end us@reficiency testing is able to highlight
problems in the quality of analytical results amtsequently help to improve it. Analysis of
apendent on matrix, method or aluminium specigkérsample.
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IMPACT OF MINERAL ELEMENTS (Ca, Mg AND Fe)
ON MAILLARD REACTION IN MODEL SYSTEMS WITH CASEIN

Danute Terese Ramonaityte

Kaunas University of Technology,
Kaunas, LT-50524, Lithuania, e-mailanute.ramonaityte @ktu.lt

Abstract

Non-enzymatic browning, known as Maillard reactighR), occurs in many foods, including dairy prothuc
The initial reactants are the amino compounds addaing sugars. However, the MR in the real focstesps
proceeds in presence of other macro- and micro-coems. The task of the work was to determine the
influence of Ca, Mg and Fe on the browning charésties of the MR model systems consisting glycare
casein and lactose or glucose, and to estimatintbeaction of the elements with the high molecwaright
(HMW) products formed during MR. The extent of bromng in MR solutions was evaluated by measuring
absorbance at 420 and 550 nm. The HMW melanoiders weparated by means of dialysis.

It was determined that €aMg?* promote, and F& slows down the formation of colored MR compounhie
lactose—casein as well as in glucose—casein mgdadms by thermal treatment to 12 h at boiling terafure.
The amount of Ca in the non-dialyzable part of $lgetems increased over a longer time of interadiiom
28-38 to 62—71 %, while the amount of non-dialyealdlg stays fixed about 26%. The peak of non-didiiza
Fe (~50%) was found in the first hour of interactio

The results demonstrate the possible involvemefapfMg and Fe in the thermal changes of dairy yctsdand
the impact of Maillard reactions on the solubibiyd supposed bioavailability of the elements.

Key words: casein, Maillard reaction, mineral elements, infice

Introduction

Non enzymatic browning, known as the Maillard reaxt (MR), occurs in many foods,
including dairy products. The initial reactantstie MR are the amino compounds (mainly
free amino acids or proteins) and reducing sugasglucose, lactose and others). In the case
of milk products, casein and lactose are partitpiarvolved. | the early step, the free amino
groups of the proteins (such as amino groups oihdysesidues in casein) react non-
enzymatelly with reducing sugars. In the advancatifanal steps of the reaction proteins are
modified into colored, fluorescent and cross-linkedlecules, which form later the brown
polymers — melanoidins. This reactions is of imaoce in many heated, dried and stored
foods because the formation of flavoring ingredeirowning products, the loss of nutritive
value (Ames, 1998, Van Boekel, 1998).

MR in the real food systems proceeds in presencemaiy others macro- and
microcomponents. It is determined that the develmpnof non-enzymatic browning in foods
and the nature of compounds formed in differengestaof MR depend on the presence of
such minor substances as oxidizing or reducing tagéBobbio et al, 1985; Swales,
Wedzicha, 1992; Zidertmaet al.,1989), formaldehyde (Vasiliauska&nd Wedzicha, 1997),
urea (Braekman et al., 2001) and mineral elemeasysecially transition metals (Birglouez-
Arragon, 1997; Cheng, Kowakishi, 1993; Hayastal, 1996; Randleman and Inglett, 1990).
Diverse studies have suggested that melanoidinavieehs anionic hydrophilic polymers,
which can form stable complexes with metal catigkecording to several authors, Ca, Mg,
Fe, Cu and Zn are bound to some degree by solunléngoluble melanoidins derived from
different amino acids-sugar model systems (Rendem@87; O’'Brien and Morrissey, 1997).
However, heated methionine-sugar mixtures had tk ldffect on Ca and Mg solubility
(Delgrado-Andradeet al., 2004). It was predicated, that the effects of bviony products
generated during food processing should be takienaiccount, particularly in trace element
solubility and bioavailability (Morales, 2005). Hdaeatment of reducing sugar-casein model
system also affected the calcium bioavailability ly vitro and in vivo assay
(Seiqueret.al.,2001).

The results that appear in the literature give swdgticient information about the Maillard
reactions in food systems near to realistic fokmiloducts, where some metal present in the
reaction media. The aim of this study is to define influence of mineral elements Ca, Mg
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and Fe on the browning characteristics of the maystems from glycine or casein and
lactose or glucose solutions, and to evaluate therdaction of the elements with high
molecular weight products formed during Maillaractons.

Materials and Methods

Sample preparationGlucose and lactose (Merk, Darmstadt, Germanycimgg (Sigma
Chemical Co, St. Louis, MO, USA) and dried caseierevused to prepare the samples.
Mineral elements (Ca, Mg and Fe) were added asrveat@tions of the salts: anhydrous
CaCl, MgClLxH,0 and FeSgx7H,0.

The concentration of reactants in 100 ml model tewmds was as followed: lactose or
glucose — 0.25 mol; glycine — 0.25 mol; casein 5 @; calcium — 120 or 240 mg,
magnesium — 60 or 120 mg and iron — 20 mg. The hmadeures with casein were prepared
in NaSO; solution (0.7 %). The concentrations of Ca and Mgenselected to simulate usual
content of minerals in cow’s milk or dairy producésd the concentration of Fe used similar
as in fortified milk formulas.

Thermal treatment and dialysis of model sampRrepared model mixtures were heated at
boiling temperature in a flask under reflux for@uhs and samples were taken after 1, 2, 3, 4,
5 and 6 hours to monitor the course of the reaction

Maillard reaction products formed in each stageheéting were separated by means of
dialysis into two fractions: (1) high molecular bt (HMW) compounds (>12 000 Da), and
(2) dialyzable compounds. 10 ml of each solutiors walyzed for 72 hours at temperature
4—6 °C against 1000 ml bidistilled water, which veaganged for first time after 8 h, and later
for each 12 h.

Spectrometric analysis. Browning of samples was evaluated spectrophotooadiyi as
absorbance at 420 nmMy6g and 550 nmAssg) using Spectrophotometer Varian Carry 1/3,
USA. Browning index (BI) was calculated as: Blizy—Asso For browning measurements, due
to the insoluble nature of the brown pigments iot@ns, the model samples (5.0 ml) were
digested with 1 ml pancreatin solution (50 mg/mi)4& °C for 2 h. Trichloracetic acid
solution (50% w/v) was added to stop the enzymagiaction and the samples were
centrifuged (8000 g for 10 min) and filtered troufilter paper (Daviest al., 1998). For
comparison, the direct measurement of absorbamdea®ut in the non-digested samples.
The results of measurements were calculated aagwef triplicates.

Determination of mineral element3he content of Ca, Mg and Fe in non-dialyzabéetions
was determined by flame AAS method after dry aslisigp+25 °C) of non-dialysable parts
of the model systems.

Results and Discussion

Calcium added in concentration corresponded itstezdnin cow’s milk (120 mg or
3.0 mmol/100 ml) stimulated the browning interactia heated lactose-glycine system. The
increase of absorbance at 420 nm was more rapidngéer heating time. When a higher
content of calcium was added to the system (2400m§.0 mmol/100 ml) the stimulating
effect of C&" on the accumulation of browning compounds was to(g. 1a). This
suggested that effect of Ca ions on the MR in etglycine system become slight limiting.
Supposedly, in the presence of Ca ions in an apptepamount the interaction of some
charged advanced MR compounds eased due the formaftiCa bridges among reacting
groups, and the rate of accumulation of brown nmtins expand. However, at the
abundance of Gaions in the system the blocking effect on the twment of MR was
observed. On the other hand, by higher contenaloium lactose-casein system (Fifp) tan
lead to form of more HMW complexes, including prmtbound melanoidins, which
availability to enzymatic digestion was badly, angdart of melanoidins can to be precipitated
by adding of trichloracetic acid. Unfortunatelyptaning status of precipitates was evaluated
in this work only visual, and a higher darknesshaf precipitates of the samples with higher
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Ca content was observed in this way. Both additofeSa shortened an incubation time, after
which measurable absorption values were obtainéaeiisamples.

a b

0,25 T —0—L+Gly 1,6 —— 9 L+Casein
1 |8 —8— +120 mg Ca
D021 +120mg Ca / @ | |—A—+240mgCa ‘//A
) —A—+240mg C / 1,2
o0 ’//‘/ ~ 7 /'//)
1 0,8
N 8 ’ %
| P 04
0,05 : %
0 IW ‘ ‘ ‘ 0=

0o 1 2 3 4 5 6 71 6 1 2 3 4 5 6
Heating time, h Heating time, h

Figure 1. Change of browning index (BI) value in MRmodel systems by heating with
added Ca:a) lactose-glycing(L+Gly) and b) lactose-caseir{L+Casein)

The browning of test solutions with added Mg, wasasured at 2 different means — without
use of enzyme and after enzyme digestion. The bBasoeAs,o in the non-digested samples
was directly proportional to the concentration of lsldded and reflected rather opalescence
than absorption. However, the dependence of thainag@tions of color compounds
on the level of Mg in the digested samples (60 m@.6 mmol/100 ml and 120 mg or
5.0 mmol/100 ml) was similar as in case of Ca anidif{Fig. 2). Moreover, the browning rate
in glucose-casein model systems was higher thdactose-casein systems, but the effect of
Mg " ions was similar, as it can see by comparisorigta given in Fig.d-1b, and & - 2b

a b

05 —©—1-8-2 43 2 0,35

——1—8—2—4—3 15
+ 1,8 —O0—4 ——4—5—24A—6 /f

—0—4 —0—5 ——6

—~ T 114 —~ /\0’25

™ © ™ // /:‘// ©
N + 12 ) N 0.2 o 1090
g t1 ¢ g }47/'%/' 5
S S S k=1
N N [aN] [3\]
< < Y <
< < < <

o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
Heating time, h Heating time, h
Figure 2. Change of absorbance in glucose-casea) énd lactose-caseink) model

systems by heatingl and 4-no Mg added; 2 and 5-60 mg; 3 and 6-12Maqg
Filled and addle points show data without and afteayme digestion, respectively.

The change of absorbanAsy and Assc in
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0.35 | —o— L+Casein f[ime, expressed as increase_ of browning
"1 | ——+Fe 20 mglL Ve index, showed that Fe added in concentration
0371~ / of 20 mg or 0.36 mmol/L inhibited the

T 0,25 formation of melanoidins in the lactose-

02 casein system (Fig. 3). It was previous

e /O// determined (Cheng et.al., 1991,

0,157 /E// Hayase, 1996) that iron involves in MR not
0,11 only as complexing but also as oxidizing

0,05% agent. On this reason, the oxidative effect on

& the brown chromophores can be proposed in

T T T T T T T T

this experiment.
According to the data obtained by analysis
distribution of added Ca, Mg and Fe between
Figure 3. Influence of Fé* on the change of dialyzable and non-dialyzable fractions of the
browning index (BI) in lactose-casein heated model systems, a part of the elements
system(L+Casein)by heating is associated with HMW melanoidins. By
progress of MR in sugar- casein solutions the
relative amount of calcium incorporated into stmmet of non-dialyzable compounds,
increased from 28-36% to 63—-71% (Fig. 4). The igdbroperties of HMW compounds
derived in the lactose containing model systemadid to be was similar as in glucose
systems (the separate data is not given). As itreasrted in the studies, €dons are able to
form complexes with melanoidins (Rendleman, 198&ig&er, 2001). The results of our
experiments are in agreement with these findings indicate that bioavailability of Ca in
milk products trends to decrease by thermal treatme
The percenige of Mg in nor-dialyzable
—o—cCa fractions of tested model systems remained
—a— Mg near to constant during all heating time.
—o0—Fe The complexation of Fe by non-dialyzable
compounds was other than Ca and Mg. In the
first hour of lactose-casein interaction, when
the products from early and advanced stages
of MR begin to form and when the
\Q concentration of protein-bound melanoidins
is low, the percentage of Fe added, that
remains in non-dialyzable fraction, increased
approximately from 30% to 50%. As the
Heating time, h reactions proceed and the products of final
stage of MR accumulate, the amount of ‘Fe
bound to HMW fraction suddenly decreased
to 13.5%. It is proposed that metal binding
ability of melanoidins formed in sugar-casein
system decreased due the oxidative effect of
Fe’* theirself, incorporated into the structure
of casein-bound melanoidins.

0 1 2 3 4 5 6
Heating time, h

[e]
o

[o2]
o

Nondialyzable part, '
N B
o o

O T T T T T T T T T T T T
0 1 2 3 4 5 6 7

Figure 4. Percentage of non-dialyzable
elements in both glucose-casein and
lactose-casein model systems by heating
(present as average of percentage values)

Conclusion

The results of the study demonstrate the possiblicpation of Ca, Mg and Fe in the
thermal changes of foods containing casein andcredwsugars and the impact of Maillard
reactions on the solubility and supposed bioaviitalof the elements.
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Abstract

The aim of this study was to evaluate the influeoicthe method of packing and storage conditionsemsory
properties and chemical composition of the freshiceberg lettuce. There was investigated icebetgde of
cultivar ‘Elena’. Chemical investigations of leteuand their products were carried out accordindgpi¢ontiethods
applied at the Biochemistry and Technology labasat&resh-cut iceberg lettuce stored at the tempereaof
+1+1 and +&1 °C in package in air ambiance was distinguishedhe best taste properties. Fresh-cut iceberg
lettuce stored at the temperature of:32C in vacuum package had the biggest amounty&diuble solids.
When products are stored at the temperatures 1f a8d +21 °C, the bigger amount of dry soluble solids are
left in the packages without vacuum. Fresh-cutécghbettuce stored at the temperature af#1C in vacuum
package and package without vacuum has bigger amafirascorbic acid. When products are stored at the
higher temperatures, more ascorbic acid is fourfdeish-cut lettuce stored in packages without vacuBigger

chlorophyll amounts remained in cut lettuce, stoetdthe temperatures of #1 and +&1 °C in vacuum
packing.
Key words: chemical properties, fresh-cut lettuce, packaging.

Introduction

Iceberg lettucel(actuca sativalL. var. capitatg — one of the lettuces, which are grown in
Europe and North America for a long time. Their plapity is determined by low cost and
long period of storage. This lettuce is distingeshfor dietetic properties. Their leaves
accumulate considerable amount of folic acid, A &droup vitamins, calcium, iron and
ascorbic acid (20-50 mg 10d)g Because of good storage and taste propertibsrigéettuce

is in great demand among users. Minimally prepéttdce mixes are especially popular.

The quality of made up products depends on the adeththeir preparation, packing material
and storage conditions. It was observed that e@8a thore of ascorbic acid remains in the
products, which are stored at the low temperatBary-Ryan, O'Beirne, 1999). Loss of
marketable appearance and quality of products & wften observed due to the browning of
cut lettuce. Water, which is used in the productma has much nitrogen and calcium, and
suitably balanced composition of modified air sld@wn oxidation processes of ascorbic acid
and polyphenolic substances in cut lettuce. Theality and time of usage increase. Water
temperature, when preparing lettuce, also conditiemafluences production quality (Martin-
Dianaet al, 2005; Beltraret al, 2005).

In order to slow down oxidation processes of ascabid and to improve sensory properties
of products, it is suggested to irradiate packshwitrays, applying 0.5-1 kGyloses
(Xuetonget al, 2003).

Packing materials also influence sensory propedfegroducts, because lettuce respiration
intensity and product colour changes depend orcdmeposition of the used materials (Del
Nobile et al, 2006).

It was observed that cut lettuce, which were stamegacuum packing and before that were
soaked in 1% ascorbic acid solution, distinguistieeimselves with attractively intensive
colour (PospilSil, Kovacev-Granic, Kukec, 2003).

Lithuanian Institute of Horticulture together wijbint stock company “Salpr@h started
quality evaluation investigations of iceberg ledymroducts, made according to the minimal
preparation method.

The aim of this study was to evaluate the influentehe method of packing and storage
conditions on sensory properties and chemical caitipo of the fresh-cut iceberg lettuce.

139



FOODBALT 2008

Materials and Methods

Investigations were carried out at the Lithuaniastitute of Horticulture, Biochemistry and
Technology Laboratory. Iceberg lettuce were preapaned packed in the enterprise of
vegetable processing joint stock company “Sal@grofhe object of the research was iceberg
lettuce of cultivar ‘Elena’. Lettuce-heads were itubelts (6 mm in width and 80-100 mm in
length) and packed into packages of two types 200 gach. Packages were made out of
barrier PA/PE 80 mik and TOPLEX HB PE 45 film inawvays — using vacuum and without
it, in the air.

Investigations of the sensory properties and ch&ndomposition of the prepared products
were carried out on the sixth day of storage. Gbaimnvestigations of lettuce and their
products were carried out according to the methagplied at the Biochemistry and
Technology laboratory. Ascorbic acid was measuredy HWitration  with

2, 6-dichlorphenolindophenol sodium chloride sauot{Epmakos u dp., 1987); dry soluble
solids — by digital refractometer ATAGO; amounts of chlohgfls a and
b—spectrophotometrically according to Verndaspunenko, Jlagsiruna, Xannobuna, 1975).
Investigations were carried out in three repliaadioSensory properties significance was
denoted by a confidence level d¥5 Statistical processing of chemical compositiosutes
was made with the help of MS EXCEL.

Results and Discussion

In the department of vegetable processing in jetotk company “Salprai the heads of
lettuce cultivar ‘Elena’ were cut in belts. Befqracking, there were carried out investigations
of the cut lettuce chemical composition. There westablished 3.6% of dry soluble solids,
64.0 mg 100 g of ascorbic acid and 0.08g g* of chlorophylls in fresh-cut lettuce of cv.
‘Elena’ (Fig. 2, 3). Cut lettuce was packed intinfiof different types in two ways — with
vacuum and without it, in air.

LSD05-0.228

scores

+1+1°C +6+1°C +9+1°C +15+1°C

v

Figure 1. Sensory (total: external attractivenessmell) evaluation of fresh-cut iceberg
lettuce (V- vacuum, A — air), scores

It was established lettuce, stored at the temperatti+k1 and +&1 °C, had good sensory
properties (external attractiveness, smell); theyenevaluated in 4.7-5.0 points (Fig. 1). Cut
lettuce, stored at the temperature oft*land +&1 °C in packing without vacuum
distinguished themselves with the best aroma aste,tahough storing products at the
temperature of +6l °C, there were observed “dew” drops in the pagkikarketable
appearance of the cut iceberg lettuce stored ateimperature of +1+1 and +6x1 °C in
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vacuum packing was evaluated in 5 points, but tfasite and aroma were worse that these of
lettuce stored in packing without vacuum.

It was established lettuce, stored at the temperatfi+11 and +&1 °C, had good sensory
properties (external attractiveness, smell); theyenevaluated in 4.7-5.0 points (Fig. 1). Cut
lettuce, stored at the temperature ok*hnd +&1 °C in packing air ambiance distinguished
themselves with the best aroma and taste, thougimgtproducts at the temperature of
+6x1 °C, there were observed “dew” drops in the pagkiviarketable appearance of the cut
iceberg lettuce stored at the temperature of +1rd #6+1 °C in vacuum packing was
evaluated in 5 points, but their taste and aromeeweorse that these of lettuce stored in
packing without vacuum.

During storage the amount of dry soluble solidsniade up products decreased. The biggest
amount of dry soluble solids (3.3%) was in cutuedt stored at the temperature of3PC in
vacuum packing. When temperature of storage inipgcwithout vacuum was +6+1 and
+9+1 °C, in iceberg lettuce there was establishradre dry soluble solids than in vacuum
packing. When products were stored at the temperaifi +15+1 °C, the amount of dry

soluble solids in lettuce in vacuum packing angacking without vacuum essentially didn’t
differ (Fig. 2).
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Figure 2. Dry soluble solids content in fresh-cutdeberg lettuce, %
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Figure 3. Ascorbic acid content in fresh-cut icebey lettuce, mg 100 g

141



FOODBALT 2008

The amount of ascorbic acid in cut iceberg lettasereased from 8.0 mg 100* do

15 mg 100 @, dependending on storage conditions and packirthadgFig. 3). The bigger
amounts of ascorbic acid were established whenckettvas stored in both packings at the
temperature of +1 °C. When storing at the higher temperature, theumt of ascorbic acid
in cut lettuce decreased from 5.7 to 10.7%, depahd®n packing method. The bigger
amounts of ascorbic acid remained in lettuce, dt@e different temperatures in packing
without vacuum.

0.037--z----------- ccmorophylia - JRenioropayith .
00251 - ----------J--- -
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(@]
£
< oo0151-1+ - - B W
8
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0005+ 1 - — -
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+1+1°C +6+1°C +9+1°C +15+1°C

Figure 4. Chlorophylls a and b contents of fresh-cut iceberggttuce
(V- vacuum, A — air), mg ¢*

Amounts of chlorophylls a and b in cut lettuce ess#ly decreased during storage.
Temperature of storage and packing method influgnmigment concentration in products.
Bigger amounts were established in cut lettuceedtin vacuum packing in vacuum packing
at the temperatures of +1 and +&1 °C (Fig. 4). The least amount of chlorophyllsral &
remained in products, stored in vacuum packing padking without vacuum at the
temperature of +H3l °C. When lettuce was stored in air, without vanuat the temperatures
of +1+1, +6t1 and +21 °C, pigment concentration in them decreaseddifigrences among
chlorophyll amounts in products weren’t established

Conclusions

1. Fresh-cut iceberg lettuce stored at the temperatiireltl °C and +&1 °C in package
without vacuum was distinguished for the best tpsbgerties.

2. Fresh-cut iceberg lettuce stored at the temperatiurdtl °C in vacuum package had the
biggest amount of dry soluble solids. When prodwusts stored at the temperatures of
+6x1 and +21 °C, the bigger amount of dry soluble solids af in the packages
without vacuum.

3. Fresh-cut iceberg lettuce stored at the temperaibireltl °C in vacuum package and
package without vacuum has bigger amounts of ascadid. When products are stored
at the higher temperatures, more ascorbic acidbusd in fresh-cut lettuce stored in
packages without vacuum.

4. Bigger chlorophyll amounts remained in cut lettusred at the temperatures of+t1
and +&1 °C in vacuum packing.
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Abstract

The purpose of the study was to analyze some paskty factors with regard to various pig genetiek. The
study was conducted in spring on the material ctdig from fatteners born from sows of Polish LandréP.L.)
breed matted with a cross-breed boar (pietrain{pijiroc (du)) and synthetic Hypor sows with PIT 3®ars.
Two types of muscles were analyzeal: longissimus lumborumndm. semimembranosushe measurements
included: dry matter, total protein, fat and coélagcontent as well as physicochemical propertiesh ss:
colour, acidity and drip loss. Besides, the effeftseat treatment on the sensory value of thematerial, meat
colour, exudate and tenderness were studied.

The results of the study show that percent of nmeatrcass of pigs under investigation amountef7%. As
has been found, total protein content of the perciuscles depended on the breed. Pork from théetymt
cross-breeds was higher in protein than that frolm ®(pi x du) cross-breeds. Fat content of thesales from
the pigs of the synthetic line was lower than tliatm three-breed crosses pidd. semimembranosusom
three-breed pigs were higher in collagen as congptréhose obtained from the hybrids of Hypor x .3Bfie
analysis of meat after heat treatment did not slaow significant qualitative differences depending the
genetic lines of pigs. The sensory analysis shoavedrrelation between the sensory value and thetigelime
only form.l. lumborum.

Key words: quality, pork meat, cross-breed

Introduction

Today, when the supplies of meat and meat product®od markets are in abundance, the
quality of the product is of great concern of ttemsumers. Currently, the competition in
Polish meat industry is so high that manufactuoérslaughter animals have to be subjected
to the requirements of consumers. Creation andawgment of quality traits of pork starts
with animal breeding and ends with the culinaryparation of meat by consumer. The
specific quality traits of pork depend on age, dieraes, raising conditions and feeding.

The choice of animal for crossing is a very impottéactor which affects the quality of
carcass (Florkowsket al., 2006). Breeding should be aimed at creating optintarracial
crossing variants, which would enable us to obtaaximum profits from both increased
quantity and improvement of meat quality. Polishikpbas a good quality, but insufficient
carcass meatiness. Crossing Polish breeds withyedting breeds can improve the quality
of raw meat (Rybarczykt al.,2002, Wojciechowsket al.,2000).

The purpose of the study was to analyze some paakty factors with regard to various pig
genetic lines.

Material and methods

The study was conducted on material collected ffatteners born from sows of Polish
Landrace (P.L.) breed matted with a cross-breed @metrain x duroc) and synthetic Hypor
sows with PIC 337 boars. The meatiness of caraadsrunvestigation amounted to 57%. The
experimental material consisted of two types of efes musculus semimembranous
(m. s) andmusculus longissimus lumborym. I. I).

In samples of meat, the content of the followingeroical components was analyzed: dry
matter according to Polish standards of PN-ISO BB2; protein content by Kjeldahl's
method, using Kieltd! 2300; free fat [PN-ISO 1444:2000]; connective uissby
determining hydroxyproline content [PN-ISO 3496:@D0 The estimation of the
physicochemical properties of muscles included aasueement of colour indices:
L*, a* and b* using a Minolta Chromameter CR 20Gidity according to PN-ISO
2917:2001, drip loss following the method of Horik{1998). In the samples of muscles after
heat treatment (0.8% solution of NaCl, 1:2 promortimeat to solution, time of heat
treatment: about 30 minutes until final temperaturethe sample centre reached will
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obtain 74 °C), colour values, exudates as cookisg,ltenderness as texture measurement
were analyzed using the Zwick/Roell type Z010 maehfmeat samples were shaped as
cuboids and measured 10x10x10 mm, with fibres nmpierpendicular to the cutting plane.
Sensory evaluation after heat treatment was caoigdoy 6 panelists according to 5-point
Tilgner's scale of acceptance (Baryiko-Piekieln@73). The overall acceptability, colour,
flavor, taste and tenderness were selected agtisery descriptors.

The muscles of meat under investigation were catbérom three fatteners from each of the
four series in the spring time.

The data were analyzed statistically, using STATCN 6.0 software. One-way analysis of
variance was used to test the effect of geneteslion the variables examined. Significant
differences between the mean values were determisiad Duncan’s testi€0.05).

Results and Discussion

The result obtained in the study (Table 1) shovired the dry matter content of.s, as well

as m.LI. from both researched breeds was similar (abou®@6 A majority of authors
confirmed that the dry matter content wfl.l. was within the range from 25 to 30 %,
although inm.s.it was from 25 to 32%. The dry matter content aelseon animal species,
age, breed, raising conditions and feeding (Buczh®®9; Litwinczuk et al., 2002). The
results of the study were consistent with thos@nep by Rybarczyk et al.(2002) in crosses
with pietrain, duroc and Polish Landrace breeds.

Table 1
Chemical components
Type of muscles
Parameter — -
[%] m. anglssmus lumborum m._semlmembranous
P.L. x (pi xdu) | Hypor x PIC 337 P.L. x (pi x du) Hypor x PIC 337

Dry matter 26.10 25.56 26.1F 26.25
Protein 23.04 23.45 21.73 22.10
Fat 2.9F 2.9 3.82° 3.42°
Collagen 0.1C° 0.1F 0.17 0.1¢°

a, b — different letters in the same row for thensaparameter means differences statistically Sogmit
(P<0.05)

The pig genetic line proved to be a factor sigaifity differentiating the protein content of
meat. Pork from the synthetic cross-breed was highgrotein than that from P.L. x (pi x du)
cross-breed.

The estimation of the content of intramusculardaimonstrated that its lowest content was
observed irm.L.I. of three-breed crosses pigs (2.91%) but the difiees were insignificant.
In case ofm.s, the fat content was significantly higher for #niereed crosses pigs than that
observed for the synthetic line (3.84% and 3.428éspectively). Intramuscular fat content
affects the technological, nutritional and sens@iye of meat and meat products. The results
of numerous authors indicate that its optimum aanfer those values should be about
1.5-3% in m.Ll. and 2.2-4% inm.s. (Litwinczuk et al., 2002; Wood et al., 1996,
Daszkiewiczet al. 2005).

The measurements of collagen showed that breedhetas factor differentiating the content
of this protein inm.LI, but it did have a significant effect in casenofs.— a significantly
higher quantity was observed in meat of P.L. xqpu) cross-breed. Collagen is a major
protein present in connective tissue. Added to npratlucts, it improves water binding
capacity, juiciness and tenderness, reduces theemadates. The content of this protein
depends on intravital factors and should be withir-0.2% (Purslow, 2005; Sadowska, 1992;
Vanderhaeghe & Deroanne, 1989).

Table 2 shows the differences in values of aciditye lowest value of pH was observed in
them.l.l of P.L. x (pi x du) cross-breed. In the seconcetgp muscles, the lowest values were
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recorded for synthetic line, but the differencesevimsignificant. The meat from fatteners
under investigation was characterized by good tuéBorzuta, Pépiech, 1999), there was

not recorded any pig presenting PSE, DFD, ASE meats

Table 2
Physicochemical traits
Type of muscles
Parameter m. longissimus lumborum m. semimembranous
P.L. X (pi xdu) | Hypor x PIC 337 | P.L.x (pixdu) | Hyporx PIC 337
pH 5.7C 5.80° 5.76 5.7¢
Water holding 2.78 2.69° 2.64 244
capacity [%]
. L* 47.37 51.73 44.99 50.59
3 a* 2.99 2.66 4.04 4.74
@]
© b* 5.83 4.99 5.87 5.67

a, b — different letters in the same row for thensaparameter means differences statistically Scgmit
(P<0.05)

For the economy of meat processing, the value ¢émiolding capacity is very important.
Exudates of meat from both cross-breed were redootiea similar level (P.L. x (pi x du):
2.78%m.l.l. and 2.63%m.s; Hypor x PIC 337: 2.68% and 2.82%, respectivelyje results

of these analyses were in agreement with the eathservation of Barton-Gad al. (1993).
Table 2 also presents the results of colour teaitdyses of raw meat. It was observed that the
genotype had insignificant effect on CIE L*, a*, #lues.

Also, no significant differences in colour evaloatibetween the groups of fatteners were
recorded in meat after heat treatment (Table 3).

Table 3
Analyses after heat treatment
Type of muscles
Parameter m. longissimus lumborum m. semimembranous
P.L. x (pi xdu) | Hypor x PIC 337 | P.L.x(pixdu) | Hyporx PIC 337

Drip loss [%] 25.5% 28.32 28.5% 29.37
Shearing force 58.90° 60.30 51.26 50.66
[N/cm?]

s L* 13.17F 13.2% 13.02: 13.27

2 a* 25.57 28.32 28.52 29.37

O b* 58.90 60.30 50.68 51.26
Overall 3.64 3.8F 3.82 3.60°
acceptability

a, b — different letters in the same row for thensaparameter means differences statistically Scgmit
(P<0.05)

Meat samples frorm.L.l. of synthetic line had higher loss of water durivaat treatment than
the samples from other cross-breed. No significhiférences were observed in the second
type of muscles. The results of the experiment gbthat the genetic line was not a factor
differentiating tenderness of muscles, expressetidghearing force.

In general, there were no differences in the oVadeptability of meat after heat treatment
between groups of fatteners. Higher flavour andleeness acceptance mwfl.l. and taste of
m.s.were found in meat from three-breed crosses th@n the synthetic line. However, the

differences were insignificant.
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Conclusions

1.

Total protein content of the porcine muscles depdndn the genetic line. Pork from
Hypor x PIC 337 cross-breeds was higher in protieam that from P.L. x (pixdu). The
analysis of collagen content showed significantdyeér content of this protein in the
muscles from synthetic line.

2. Intramuscular fat content of the muscles from tigs pf the synthetic line was lower than
from three-breed crosses pigs.

3. The genetic line was not a factor differentiating physicochemical properties in muscles
under investigation.

4. The results of the study showed no differencesiéndverall acceptability of meat after
heat treatment between groups of fatteners.
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Abstract

The aim of the present study was to compare twol ataction methods of hen egg yolk phosvitin asian,

which differ in the use of organic solvents. Thadst was conducted on eggs from hens of Lohmanndirk
Green-leg breed, which were divided into 4 groups-:eggs from Lohmann line fed without suppleméata

Il — eggs from Lohmann line fed with the additiohhemokarbowit and humobentofet, Il — eggs frome&r-
leg breed fed without supplementation, IV — eggsnf Green-leg breed fed with the addition of hurmbkavit

and humobentofet. In the study, the yield of theguitin was examined and the following chemical poments
of yolk were analysed: dry matter, free fat andgirocontent.

The results of the experiment showed that the boédtens is responsible for yield of phosvitin &@n from
hen egg yolk. Green-leg breed had the highest yifzthosvitin isolation in comparison to Lohmanmneli The
highest yield of phosvitin isolation was recordedyroups fed with addition of humokarbowit and hiberatofet
(Il, IV). The type of used method of phosvitin iabn from hen egg yolk had no significant effentthe yield
of the process.

Key words: phosvitin, isolation method, egg yolk protein

Introducion

The avian egg is an encapsulated material indigi@dgor the development of the embryo.
The chicken embryo develops into a chick by utiigbnly the materials inside the shell at an
adequate temperature. The protein, lipids, carbahgd vitamins (except vitamin C), and
minerals contained in the egg are all necessarysaffetient for developing the chicken’s
body (Gutierrezt al.,1997).

Egg proteins have an ideal balance of amino agids.protein value of whole egg protein is
considered to be 100. The World Health Organizatgmproved egg protein as a standard for
measuring the nutrition quality of other food pige(FAO/WHO/UNU, 1985).

Egg yolk is considered a potentially important eunf energy because more than 65% of the
contents of dry yolk is lipids. Egg yolk contaimglycerides, phospholipids, and sterols. Hen
eggs are a rich source of linoleic acid, which issestial in human nutrition
(Gutierrezet al.,1997).

Egg yolk phosphatidylcholine contains important mfitees of ®3 fatty acids as the non polar
part. Choline, from the polar part is an importantrient in brain development, liver function
and cancer prevention (Gutierrezal. 1997). Consumption of phosphatidylcholine increase
plasma and brain choline level and acceleratesonabiacetylcholine synthesis. It has been
demonstrated that consumption of yolk phospholigietsds to alleviate the symptoms of
Alzheimer disease (Juneja 1997).

Hen egg yolk phosvitin represents about 11% of yotkein (Itoet al.,1962). Phosvitin has a
molecular weight of about 35 kDa and contains 2fvna acid residues, of which 123
residues are serine residues (Byehal, 1984, Clarket al.,1971). Of the 123 serine residues,
118 are phosphorylated and 5 are “free” (Claral., 1985). Phosvitin, due to its peculiar
physical and chemical characteristics, possessesriaty of functional and biological
properties (Antoret al.,2007).

Material and Methods

The study was conducted on two types of eggs frohmiann line and Green-leg breed. The
eggs were divided into 4 groups, depending onitteedf hens and the feeding method. Two
groups of hens were fed without supplementationthademaining were fed with addition of

humokarbowit and humobentofet. Humokarbowit and dloemtofet contain polyunsaturated

fat acids and their formula is exclusive.
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The four groups were:

| — eggs from Lohmann line fed without supplementat

Il — eggs from Lohmann line fed with the additidrhamokarbowit and humobentofet,

Il — eggs from Green-leg breed fed without supp@etation,

IV — eggs from Green-leg breed fed with the additidd humokarbowit and humobentofet.

In the study, the following chemical componentyalk were analysed: dry matter by thermal
drying method in 105 °C according to PN-ISO 144P@0free fat by Soxlet's method
according to Polish standards of PN-ISO 1444:2008 protein content by Kjeldahl's
method, using a Kjeltét! 2300 according to Polish standards of PN 75/A-0418

The isolation of phosvitin was prepared with 15%fjgm each group.

The first method of isolation of hen egg yolk phtsvwas modification of the Losso and
Nakai method (1994). Fifteen egg yolks were diluagth 0.5 | of cold distilled water at pH
5.0 and stirred at 4 °C for 1 h. The precipitateatanial was collected by centrifugation at
10,0009 for 20 min at 4 °C. The pellet was dissoblire200 ml distilled water, stirred for 1 h
and centrifuged at 10,000 for 20 min at 4°C. Thiepevas extracted with 400 ml of hexan:
etanol (3:1, v/v) at 4 °C for 3 h and centrifug@tie resulting cake was dried with acetone
and extracted with 200 ml of 1.74 M NaCl overnigttit4 °C. Next, the suspension was
centrifuged at 10,000 g for 20 min at 4 °C andgbhpernatant was dialyzed against distilled
water for 24 h at 4 °C and freeze dried.

The second method of isolation of hen egg yolk phiomswas modification of the Pangborn
method (1950). Fresh egg yolk from 15 eggs wadetilwith 200 ml of 0.9 NaCl solution at
pH 5.5 and centrifuged at 10,000 g for 1.5h. Thanglkes were extracted in 100 ml of
acetone, stirred for 1h and centrifuged at 10,00@rgl0 min at 4 °C. The precipitated
material was extracted in 100 ml acetone, stirmedlfh and centrifuged at 10.000 g for 10
min at 4 °C. Next, the pellet was extracted twinelDO ml of etanol, stirred for 1 h and
centrifuged (10.000 g, 10 min, 4 °C). The resulia¢fe was dried with acetone and extracted
with 100 ml of 1,74 NaCl overnight at 4 °C and #upernatant was dialyzed against distilled
water for 24 h at 4C and freeze dried.

The data were analyzed statistically, using 6.@wsoe. Two-way analysis of variance was
used to test the effect of diet and breed on theabie examined. Significant differences
between the mean values were determined using DiseEst ¢ = 0.05).

Results and Discussion
In the study, the following chemical components/olk were examined: dry matter, free fat
and protein content (49.57%, 16.19% and 30.16%gsearch groups.
The results obtained in the study showed that teedof hens and way of feeding was not
responsible for dry matter content (Table 1). Hogvethe breed of hens was responsible for
protein content. Free fat content depend on the offhen feeding, but it is significant only at
0.01<P<0.05.

Table 1

Influence of hen line and the method of hen feedingn chemical components

Chemical Variability F Value Significance
components
Dry matter Feeding stuff 2.118 0.1489
Hen line 0.901 0.3551
Protein content Feeding stuff 1.069 0.3038
Hen line 10.220 0.0019**
Free fat Feeding stuff 6,736 0.0147*
Hen line 0.073 0.7922

** P <0.001 and ** 0.001<R0.01 and *0.01<P<0.05 meant the significant diffiees between groups and
isolation method.
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The measurements of the dry matter content (Takile f2en egg yolk showed that the highest
content was in eggs from Green-leg breed fed witeopplementation. The remaining groups
(1, 11, IV) had similar content of dry mater ancetdifferences were insignificant.

The highest content of protein (Table 2) was foimegg from both Green-leg breed fed with
supplementation and without it. The way of feedivags not responsible for protein content.
Eggs from Green-leg breed fed without supplemeontaliad the highest content of free fat
(31.25%) (Table 2). Group I, Il and IV had lowemtent of free fat, but the differences were
insignificant.

Table 2

Yolk chemical components
Chemical Research group
components I Il Il v
Dry matter[ %] 49.41 a 49.92 b 49.61 ab 49.34 a
Protein 16.10 a 16.31 b 16.07 a 16.30 b
content[%]
Free fat[%)] 30.03 al 31.25 « 30.19t 29.17

a, b, c — different letters in the same row forghene parameter indicate statistically signifiadifferences
(P<0.05)

The results obtained in the study show that thi yé phosvitin isolation did not depend on
research groups and the isolation method (Table 3).

Table3
Influence of research group and isolation method othe yield of phosvitin isolation
Structure Variability F Value Significance
Phosvitin Group 2.006 0.1369
0s Isolation method 0.052 0.8231

*** P<0.001 and ** 0.001<R0.01 and *0.01<P<0.05 meant the significant diffiees between groups and

isolation method.

Table 4 shows the yield of phosvitin isolation fr@aggs using Nakai- Losso and Pangborn

method.
Table 4
Yield phosvitin isolation method from hen egg yolK%)]
Isolation Research group
method I 1 11 \Y]
Nakai- Losso | 2.92 ¢ 3.62 al 3.55 al 4.00 t
Pangborn 2.36 ¢ 3.74 al 3.73 al 4,73

a, b, c — different letters in the same row fordhene parameter indicate statistically signifiadifferences
(P<0.05)

The results of the experiment showed that the Bigyeld of phosvitin isolation using
Nakai-Losso method was in eggs from Green-leg bfegdavith supplementation. The lowest
yield of phosvitin isolation was recorded in egg®ni Lohmann line fed without
supplementation. The highest yield of phosvitinason by Pangborn method was found in
eggs from Green-leg breed fed with supplementatiod the lowest was in eggs from
Lohmann line fed without supplementation.
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Table 5
Comparison of phosvitin isolation method from hen gg yolk [%]
Isolation Research group
method I Il 1l Y
Nakai- Losso | 2.92 ab 3.62 ab 3.55 ab 4.00 ab
Pangborn 2.36 a 3.74 ab 3.73 ab 4.73 b

a, b, c — different letters in the same row for Haene parameter indicate statistically significdifiterences
(P<0.05)

Table 5 shows the yield of phosvitin isolation froall research groups isolated by
Nakai-Losso and Pangborn method. The analysiseofdhults showed that the highest yield
of phosuvitin isolation was in eggs from Green-legda fed with supplementation, isolated
using Pangborn method. The lowest yield of phasviblation was recorded in eggs from
Lohman line fed without supplementation, also itadausing Pangborn method.

Conclusions

1. The results of the experiment showed that the boédens is responsible for the yield of
phosvitin isolation from hen egg yolk. The eggsnirGreen-leg breed had the highest
yield of phosvitin isolation in comparison to Lohnmaline.

2. Feeding with addition of humokarbowit and humobéstio which contains
polyunsaturated fat acids, is responsible for ya#lghosvitin isolation.

3. The results obtained in the study show that ismtathethod was not responsible for the
yield of phosvitin.
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Abstract

Bread is one of the most important staple foodlimoat all countries including Latvia and plays ampbrtant
role in human nutrition but affect of time pressuddestyle and changes in eating habits, it constion
significantly decreases and do not reach recomntkadeunt need to be consumed. Therefore the puigfose
the research was to find out and evaluate withingénder in adult group amount of nutrients covefsrence
daily intake (RDI) by consuming wheat bread, ryeddt and sweet sour bread. Results show that byiciong
rye bread female covers only 7.1 % of protein 1.2f%at and 11.1 % of carbohydrates from RDI whiiale —
5.9 % of protein, 1.0 % of fat and 9.3 % of carbdrayes which is a part of total 28.6 % of nutriemeed to be
taken in accordance with WHO recommendations. Tames conclusion has been done in insufficient
consumption of wheat bread and sweet-sour breawportant deviations from RDI were found on mineral
substances and vitamins as well.

Key words: Bread, nutritional value, RDI, adult group

Introduction

Since the earliest of times bread has been a staptefor mankind, with records of grain
milling and baking stretching back over 7.000 ygdefferson, 2000) and plays an important
role in human nutrition (Al-Kanhat al., 1999; Isserliyskat al, 2001) as well as is one of
the most important staple foods in almost all coaatus an excellent source of nutrition
(Padamavathy, 2007). According to Department of ltHeand Food Standards Agency
healthy eating guidelines, one third of our totalocies should be in the form of starchy
foods, such as bread, potatoes, pasta, rice aner atreals (MRC Human Nutrition
Research, 2007). Dieticians suggest consuming Icereaucts in the same amount like
potatoes which is 40 % from the total productscanesumed. While changing eating patterns
of the past 50 years have led to an overall fabiread consumption (Jefferson, 2000). From
the Norbagreen survey was found that large powiothe Nordic and Baltic populations do
not reach the official and nonofficial guidelines tonsumption of fruits, vegetables, fish and
bread (Norbagreen, 2003). According to the Latvizentral Statistical Bureau (CSB) data
during the last decade bread consumption is dezideldy 24 kg per capita — while in
1996 bread consumed per capita was 76 kg than0f 2@vas only 55 kg. Within the type of
bread most significant decrease — 15 kg was fotbrgad while almost 9 kg — wheat bread
but sour sweet bread decrease was not signifibantitional value of bread differ within the
type of bread which is affected by the type of flimiused in bread preparation as well as
another ingredients such us milk which is usedemdtof water, eggs, brains, sugar and fat.
Wheat bread contains around 45-55 % carbohydi@td$, % protein and 1-2 % of fat. Most
rich in nutrients is wholemeal bread because comtgiboth high amount of vitamins like
thiamine, riboflavin, pyridoxine, folic acid, tracelements and fibre (Insat al, 2003).
Therefore the purpose of the research was to fiichnd evaluate within the gender in adult
group amount of nutrients covers RDI by consumirgat bread, rye bread and sweet sour
bread.

Materials and Methods

The research was divided into two stages consisfiti¢erature review on bread consumption
and nutritional value of different kind of breadasll as calculation part on recommended
daily allowance on adults per gender on bread acopson and recommended amount need
to be consumed. Calculations and analysis has lokere based on direction about
“leteican@s enegijas un uzturvielas devas Latvijas i@dztajiem” Nr. 233 issued by Ministry
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of Welfare of Republic of Latvia, 23 of January 030 Calculations have been done for adult
group meant separately for female and male andgeeralues were used for further results.

Results and Discussion
Latvia CSB data shows that in 2005 wheat breadwuoed was 25 kg per capita while rye
bread — 26 kg and sweet-sour bread — 6 kg (Table 1)

Table 1
Bread consumption per capita, CSB
Type of bread Consumption, kg year‘1 g per day Slices per day
Wheat bread 25 68.4¢ 2.74
Rye bread 26 71.23 1.58
Fine rye-bred 6 16.44 0.41
Total 57 156.16 4.73

Data presented in Table 1 explains that consumpbiobread in 2005 was insufficient
because a bread consumption recommendation by Wdedlth Organisation (WHO)
suggests eating 250 g of bread per capita perTaaglarify the amount of basic nutrients are
obtained by consuming 156 g of different type addat calculation has been done based on
direction “leteicaras enegijas un uzturvielas devas Latvijas i@gzajiem” Nr. 233 issued by
Ministry of Welfare, Latvia, 23 of January, 2003efBrence values of recommended daily
allowance (RDI) are presented in Table 2 and agd f further calculations.

Table 2
Average amount of energy and nutrients recommendefibr adults per day
Gender boAc\i/errigzs Average | Energy (E), | Protein | Fat | Carbohydrates
>I/<g "| high, cm | kcal day E% E% E%
Male 1C-15 | 25-3C 55-60
(average) £ 175 2400 (12.5) | (27.5) (57.5)
Female 1C-15 | 25-3C 55-60
(average) 65 165 2000 (12.5) | (27.5) (57.5)

Achieved results (Table 3) are compared with theowrh of nutrients suggested by
consuming bread (Fig. 1). Since RDI of nutrients feEamale is less than for male (Table 2)
segmentation of the nutrients, within each typebrdad consumed, automatically will be
more for female than male.

Table 3
Nutrient segmentation in % from RDI per each type & bread per capita
Protein, % Fat, % Carbohydrates, %
Female Male Female| Malg Female Male
Wheat bread 8.¢ 6.€ 1.2 1.1 11.1 9.2
Rye bread 7.1 5.9 1.2 1.0 11.1 9.3
Sweet-sour bread 1.8 1.5 0.3 0.2 2.9 2.4
Total 17.2 14.4 2.8 2.3 25.1 20.9

From the data presented in the Fig. 1 can be cdedlthat in 2005 till present time consumer
do not reach recommended amount of nutrients fresadbecause results show significant
deviation from recommended numbers.
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Figure 1. Nutrient segmentation in comparison betwen consumed and
suggested amount of bread

Regarding to the fibre content, well known is stadat that cereal products are good source
of fibre. In average wheat bread contains 4 g 180figre whereas rye bread contains
8 g 100 ¢ and sweet-sour bread around 6 g 190ilgre. Based on the Latvia CSB data about
the consumption of the bread by wheat bread wassited 2.74 g of fibre however by rye
bread — 5.70 g and by sweet-sour bread only 0.88fdpre. In comparison with suggested
portion of fibre — 30 g per day with bread has biegested 9.43 g (31%).

In addition to nutrients, as well as energy soura&ients, macro-elements, trace elements
and vitamins play an important role in the humanlyboSince bread consumption is not
reaching the amount of bread need to be consunoedanic nutrient and vitamin intake will
be less than it should be (Figure 2 and 3). RDNar K and Mg both for female and male is
the same therefore segmentation of mentioned nigrigill be the same, but for Ca, Fe and P
it is different. Significant distinction was foummh Fe segmentation within gender.

3 67.C
€ 70 ¢ 'S
E 60 + . \i
c 50+ RN
(0]
% 40 | 29.0| 29.0 % 26.4| 26.4
© 30 - 6.4
5 587 4.0 J
ERNEE " - F -
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2 Nutrient amount by consumed breade— - Recommended nutrient amount by bread

Figure 2. Inorganic nutrients consumed and recommeded per day per capita

RDI of vitamins between female and male is the sahe¥efore segmentation is calculated in
general.
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Figure 3. Vitamins consumed and recommended per dgyer capita

From Figure 3 can be concluded that significanted#inces are found within each vitamin
group which means that bread consumption need iodveased to reach suggested amount
of nutrients from bread.

Conclusion

Bread consumption needs to be increased to realarttount of nutrients coming from
suggested amount of bread by WHO. To raise consampft bread, one of the fields would
be suggested to pay attention is advertisementedsas popularisation of bread as good
source of nutrients in schools by developing speauigitional/health education programmes
where one of the topics would be bread and its mapoe in human health. It is already
approved that bread as sandwich (e.g. bread, batkds, slice of meat, slice of cheese and
vegetables) can be as one basic meal in one dfif@umeal times.
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Abstract

29 samples of different types of bread purchasedfthe local Latvian supermarkets were analysed for
sterigmatocystin (STC) content. STC is carcinogamd mutagenic mycotoxin produced by fungi of many
Aspergillus specieand it is a precursor of aflatoxin B the biological transformation.

Analysis of STC were done using previously devetbpeethod. Method includes sample extraction with
acetonitrile: water solution (84:16, v/v), extratgan up on Strata X solid phase extraction (SBEjen, extract
concentrating by evaporation under nitrogen anthéurredissolving in mobile phase, separation orernsed
phase G high performance liquid chromatography (HPLC) catuand STC detection by high performance
liquid chromatography — tandem masspectrometry @ligistrospray positive ionization (LC — ESIMS/MS).

17.2 % of analyzed samples were positive for ST@ thie concentration levels ranging from 2.4 toprglkg®.

From 6 rye bread samples only one (16.7%) was ountded with STC, from 9 rye-wheat bread sampldg on
one (11.1%) was contaminated with STC and 3 (21.48d4 wheat bread samples were contaminated with
STC. Totally 4 (80%) of 5 contaminated samples @ioitd whole grains as the main ingredient.

So, whole grain bread can be a possible sourcel@f, Bowever positive samples contain quite lowelsv

of STC.

Key words: Sterigmatocystin, mycotoxin, breatispergillus spp., Aspergillus versicol&C-MS/MS

Introduction

STC is a mycotoxin produced by fungi of mafAgpergillus spp(Atalla et al, 2003). Its
molecular structure is similar to aflatoxin BAFB). It is a precursor of AFB in the biological
transformation (Betina, 1989).

STC is a carcinogenic compound that has been shwmwmaffect various species of
experimental animals (Purchastal., 1970) and it is classified as a 2B carcinogenHhsy t
International Agency for Research on Cancer (IAR@RC, 1976). There are many
reports about toxicity, carcinogenity, mutagenityand teratogenity of STC
(Sweeneyet al, 1999; Tong-xiet al, 2000). STC is an important contaminant of buitdi
materials and dwellings (Engelhat al, 2002; Nielseret al, 1999). Natural occurrence in
food and food products appears to be infrequehbatih only a limited number of surveys
have been carried out. There are reports aboutdberrence of STC in grains (Scott, 1972;
Shannoret al, 1976; Millset al, 1986; Racet al, 2000), in rapeseeds (Mills et al., 1986), in
soybeans (Shannoat al., 1976), in cheese (Francist al, 1987; Lundet al, 1995;
Abdalla et al, 1996; Scudamoret al, 1996), in spices (red pepper, caraway, cumin and
marjoram) (ElKadyet al, 1995), in cocoa beans (Hurst al, 1987), in vegetables
(Thurm et al, 1976), in pistachio nuts (Sommest al, 1976), in coffee beans
(Purchasest al, 1973) and in feed (Scudamateal, 1997; Domagalat al, 1997).

Neither country has legislation for STC, howevemsocountries have set already relatively
low maximum levels for STC (e.g., Czech Republid &lovakia at the level fg kg™ for
rice, vegetables, potatoes, flour, poultry, mealk,rand 20ug kg* for other foods) (Stroka,
2004) and soon after STC was recognized as a higghdic compound, the California
Department of Health Services used TD 50 valuem ftbe Cancer Potency Database to
produce “no significant risk” intake levels for hans. The level resulting wasu§ kg* body
weight/day for a 70 kg adult (European Mycotoxin a@eness Network).

The aim of this study is to research samples ofedift type of bread, that are
available in local supermarkets, for STC conteningissensitive LC-MS/MS method
(Versilovskiset al, 2007).
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Materials and Methods

Bread samples

Bread samples (6 rye bread, 9 rye-wheat bread dndhkat bread) were purchased from
local supermarkets.

Before the analysis, the samples were crushedhamdhtomogenized.

Chemicals and reagents

Methanol (HPLC-grade) and acetonitrile (HPLC-gradeps purchased from Merck
(Darmstadt, Germany). Deionized water was purifragth Millipore Milli-Q Plus system
(Millipore, Molsheim, France). STC standard wasghased from Sigma (St Louis, MO,
USA). Argon (AGA, Latvia) was used as a collisicasgn the mass spectrometry.
Preparation of standards

A stock solution of a concentration of approximatg800 g ml* was prepared by dissolving
5 mg of STC in 10 ml of acetonitrile/methanol (30:%/v). An aliquot 500 pl of the stock
solution was evaporated to dryness under oxygendiigogen at ambient temperature and
immediately redissolved in acetonitrile (5 ml).

The calibrated stock solution (5@-mi*) was used to prepare a standard stock solutidh of
pg/ml of STC, in acetonitrile/water (75:25, v/ivihi$ solution was used to spike samples for
recovery experiments, and to prepare working staisd#.25 pug mit, 0.1 pg mi?,
0.05 ug mi* and 0.005ug mIt as equivalents to 2fg kg*, 10 pg kg*, 5 pg kg'and
0.5pug kg™

Sample preparation

An amount of 25 g of homogenized sample was exdawtith 16% of water in acetonitrile
(200 ml) for 30 min using a horizontal shaker. Afiéering through a filter paper, 10 ml of
the raw extract was diluted with 20 ml water andiffpd using Strata X (500 mg) SPE
column (Phenomenex, Torrance, CA, USA). Purifyingcgedure: column was conditioned
with 6 ml methanol, followed by 6 ml of water pritar use, then 30 ml of diluted extract was
loaded in the column, then column was washed vwb# acetonitrile in water, then with 35%
methanol in water and STC was eluted with 4 ml @®% acetonitrile. The resulting eluate
was evaporated to dryness under nitrogen at 60ntCrexdissolved in 250 pl 25% water in
acetonitrile. The calibrants were prepared by sigikhe blank matrix with the standard and
prepared in the same way as the samples.

LC-MS/MS —analysis

A Waters Alliance 2695 liquid chromatograph (Wa)evgs connected to a MicroMass
Quattro LC triple-quadrupole mass spectrometer (dMiass, Manchester, UK). An
electrospray ionization (ESI) probe in the positivede was used in the analysis of STC. The
mobile phase consisted of 0.01 % formic acid in@ué&ile and 0.01% formic acid in water
(75:25, viv) used in isocratic regime. The colunsedi was a Phenomenex Lunag(€)

(5 um), 150x3.0 mm (Phenomenex, Torrance, CA, USAE flow rate was 0.3 ml/min,
column temperature was 30 °C and the injectionmelwas 50 ul. The parameters of the
mass spectrometer were optimized using the STQlatdnThe best response was recorded
with the following parameters: cone voltage 30 ¥Wpitary voltage 3.5 kV, extractor 2 V,
radio frequency (RF) lens 0.2 V, source temperafig@ °C and desolvation temperature
350 °C, cone gas flow 63 I'hdesolvation gas flow 553 I'hcollision energy 30 eV.

For the structural identification in multiple re@ect monitoring (MRM) mode, the molecular
ion [M+H] + (m/z325) was fragmented within the MS to its daugides (325>310 and
325>281) collision energy 30 eV, dwell 0.2 sec. drgat pressure 3.5 bar was used as a
collision gas. A calibration curve constructed gsexternal standardization in matrix. The
daughter-ion fn/z=281) was used for the quantification of STC. Tatorbetween peaks of
STC obtained on two MRM channels (Peak area (328p8Peak area (325>281)) was used
for confirmation of analyte. This ratio should hé®+0.14 for the compound to be confirmed.
Spiking for recovery studies

Spiked samples of different grains were prepareedsing 25 pl and 125 pl of the 5 ug’ml

157



FOODBALT 2008

STC standard solution using a digital pipette t@28 sample in an 250 ml flask, whitch was
left for 1 h at ambient temperature with occasioagitation to allow the acetonitrie to
evaporate. These volumes of standard were equivaldavels of 5ug kg* and 25ug kg*
STC respectively. Six replicates at each conceatratevel were prepared from each
commodity for recovery experiments. Recovery rasigt bread are shown in Table 1.

Tablel
Recovery and precision results obtained from breadhatrix
Spike level, Mean result | Standard deviation Relative Standard re'::/lc()e\?en
ng kgt (n=6), ng kg™ (SD), ng kg™ deviation (RSD), % % Y
5.0 4.8 0.2 4.6 96.0
25.0 25.8 1.6 6.2 103.1

Calibartion and Linearity

In LC-MS methods the matrix often causes the chaoigie response, because the matrix
components disturb the ionization of the analyleanget al., 1993). Because of the matrix
effect, the calibrants were always prepared inlolaatrix.

The method was linear for STC from 0.5 pug‘kg 25 pg kg. A tolerance of +10% accepted
for the separate calibration points for good liitgaiThe regression line without matrix was
y=13656+212 (R*>>0.999) and regression line in matrix was447%-176 (R>>0.999). On
this basis, the method considered linear for ttadyars of STC.

Results and Discussion

From the analysed samples only one (16.7%) ryedbsaeple, one (11.1%) rye-wheat bread
sample and three (21.4%) wheat bread samples weatarinated with STC. Four (80%) of
five contaminated samples were prepared using wgraies.

Totally, 17.2% (5 samples) of the analyzed sampla®e contaminated with STC (Table 2).

Table 2
STC presence in different bread samples

S?\lrr;;.)le Bread sample name Sgrggle Bakery Egsklgtl
1 “Hanzas” rye bread R Hanzas n.d.
2 Real brown bread R aci n.d.
3 “Saules” dark whole grain bread R lguiciema n.d.
4 “Rigas” brown bread R lduciema n.d.
5 “Fazer” whole grain rye bread R Druva n.d.
6 Rye bread R Sono 2.4
7 “Hanzas” wheat-rye bread RW Hanzas n.d,
8 Real fine rye-bread RW ai n.d.
9 “Fit Life” Bread RW Laci n.d.
10 Fine rye-bread RW llguciema n.d.
11 “Meistara” Rye bread RW Druva n.d.
12 “Meistara” lime-pit fine rye-bread RwW Druva n.d.
13 Dinaburga RwW Dinella n.d.
14 “Saimnieks” whole grain bread RW Sono 7.1
15 Fine rye-bread RW Sono n.d.
16 Fitness w Hanzas n.d.
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S?\Irr;;.)le Bread sample name Sg/rggle Bakery Egsklgtl
17 “Hanzas” wheat bread W Hanzag n.d.
18 “Sendvitu” rain bread with barley and rye flakes W Hanzas .d.n
19 “Sendvicu” grain bread with rye flakes W Hanzas 4.4
20 “Sendvitu” grain bread with oat flakes W Hanzas n.d.
21 Real wheat bread \W aki n.d.

22 “Saules” grain bread W lduciema 3.2
23 City's wheat bread W Iduciema n.d.
24 “Fazer” King's grain tosterbread w Druva 5.6

25 “Fazer” wheat tosterbread w Druva n.d.
26 “Spekotava” bran bread W Druva n.d.
27 “Zeltene” Wheat bread w Dinella n.d.
28 “Autumn” wheat bread w Dinella n.d.
29 “Kurzemes” wheat bread W Sono n.d.

R —rye bread; RW — rye-wheat bread; W — wheatdyreal. — not detected

However the concentration levels were quite lowrfrd.4 to 7.1 pg k§ and did not exceed
maximum levels for this toxin set in Czeh Repulditd Slovakia (20 pg Ky but exceed
level set in these republics for rice, vegetabpesatoes, flour, poultry and meat — 5 pgtkg
So, results of our research give possibility topmsge that levels of STC in grains from which
these bread samples were prepared, were highlamamated with STC. So, in case that STC
is carcinogen it is not recommended to use contat®ih products, because of possible
chronic effects. Nevertheless, as mentioned abmwvén{roduction section) “no significant
risk” intake level for humans is about® kg* body weight/day for a 70 kg adult — it is
approximately 48Qug per day! In this case, concentrations that wetsd in bread during
this investigation cannot seriously affect consusneealth.

There are no available comparable results in tieeafor so wide range of bread samples.

Conclusions

This is the first research on STC content in ddfeértypes of bread in Latvia. This study
indicates about the occurrence of STC in breadeaalty in whole grain bread. Although
found contamination of bread is quite low, brealll sin be a possible source of investigated
toxin.

So, in the aspect of all mentioned above, monitpoh the presence of STC in bread and
other food products in Latvia is clearly necessary.
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Abstract

The efficiency of cereal-based biotechnologicalcpases closely linked to both their chemical cortiposand
selection of cell-wall degrading enzymes. Degramtatf cell-wall polysaccharides during processimgmeans

of added or naturally occurring endogenous xylasiasay also affect the quality of the end-prodiibe aim of
the present study was determination of the appatiity of endogenous xylanases in four wintex varieties
and in two newly developed rye hybrids. The infloenof variety and climatic conditions on apparent
endoxylanase activity was investigated. Rye culsivaere grown on different soils at three Plantdgling
Stations of Lithuania in 2003 and 2004. The appaesioxylanase activity was studied in the albubyje
extracts from meal of the rye kernels (pH 4.5; 40) by an assay based on dinitrosalicylic acid. The
arabinoxylan used as substrate was isolated froemaiMbran, and the reducing sugars were purifiedabipn-
exchange chromatography. The results showed thefisant influence of the genotype and agro-climati
conditions on the endoxylanase activity varyingwastn 5.1+0.6 and 23.6+0.9 nkat/g grain. No sigaiitc
correlations were found between Falling number (&) apparent endoxylanase activity in rye.

Key words: rye, endoxylanase, activity, genotype.

Introduction

The efficiency of cereal-based biotechnologicakpsses and the quality of end- products are
closely linked to the chemical composition of teenfiented cereal raw material. Degradation
of cell-wall polysaccharides during processing, hgans of added or naturally occurring
endogenous xylanases may also affect the qualitysoénd-product.

Rye is the second important crop in Lithuania nextvheat because of its production extent
and is widely used in various fermentation procesBge is characterized as to have a higher
amount (1L6%) of the dietary fiber polysaccharides the mimgiortant constituent of which
are arabinoxylans (AX) (Vinkx and Delcour, 1996).X#action is of considerable
importance for rye processing, bread-making qualitg nutritional properties of food and
feed (Vinkxet al 1993; Amaret al, 1997). Although, arabinoxylans together witiglucans
cause the low extract yields, high wort viscosityl adecreased the rate of filtration or haze
formation in beer (Antoniuoat al, 1981; Izydorczyk and Biliaderis, 1995; Schward &tan,
1995). The presence of water-extractable AX canstig approximately 25-30 % of the total
AX increases dough viscosity, bread volume, gaent®n, crumb texture, colour and taste
(Bengtsson and Aman, 1990; Courtin and Delcour2200

In recent years, the interest in carbohydrate-aativzymes such as xylanases has increased
due to their potential application in the food dedd industry. Endoxylanases are primarily
responsible for the degradation of AX increasing lével of water soluble AX and affect the
fermentation process, herewith the quality of thd-product (Poulseat al, 2002) However,
efficiency of added commercial endoxylanases cary wepending on rye variety and
growing location making the optimal dosage of enaydifficult to determine. It may be due
to the levels of endoxylanases and endoxylanaseibitois in rye cultivars
(Serensert al, 2001; Dornezt al, 2006). Similarly, evaluation of the action of egénous
xylanases is of a growing importance in case ofeiasing the efficiency of fermentation
process of rye-derived stock in different applicas. The optimization of enzymatic
hydrolysis of rye causes the problems due to tbk ¢d studies related to the endoxylanase
activity and the influence of the growth conditiarsd genotype on the endoxylanase level.
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The present work has the objective of determinatlmn apparent activity of endogenous
xylanase in winter rye crude extracts, which seagea model system of fermentable raw
material.

Materials and Methods

Rye samplesThe samples of four rye varieties ‘Joniai’, ‘Ferdah ‘Matador’, ‘Picasso’ and
new developed hybrids LVA 426 and LVA 391 were aed from Plant Breeding Stations
(PBS) located in different parts of Lithuania aftaro growing seasons (2002-2003 and
2003-2004). The weather conditions in the summel@¥3 and 2004 were completely
different as well as the precipitation levels atS?PBand PBS Il locations (Figure 1). The
summer of 2003 was warm and dry. Higher falling bens (FN) for the rye varieties grown
in 2003 were observed with an average of 266 sohtrary, the summer of 2004 was cool
and wet. Heavy rainfall before harvest increaseal risk of sprouting and the microbial
contamination of the rye kernels. This was evidenbg relatively low FN values with an
average of 169 s.

100 - r 25 120 4 - 25
80 20 Q1| ¢ 100 4 L 20 &
IS ; 80 o
b1 %) 1S =
E 60 L1 5| |2 -15 3
= S| |8 601 g
z ol |E - 10
% 40 - L 10 OEC-;_ = a0 g_
o o o L5 ()
20 L5 = 20 - [
° ' ' ' ' 0 > April  May J sy August °
Aprii May June July August pri ay une uly Augus
[ Rainfall/2003 [ Rainfall/l2004 [ Rainfall/PBS | [ Rainfall/PBS I
—&— Temperature/2003 —o— Temperature/2004 —O— Temperature/PBS | —%— Temperature/PBS I

Figure 1. Average temperature (curve) and total raifall (bars) in 2003 and 2004 (a)
and at PBS | and PBS Il locations (b)

Sample preparation

Rye crude extractsThe rye wholemeal (5+0.01 g) was homogenized inmdQf sodium
acetate buffer (0.1 M; pH 4.5) on ice-bath for 1h.nThe homogenate was centrifuged
(10000 g; 4 °C; 25 min) and filtered.

Substrate solutionThe wheat arabinoxylan (3.2 mg/ml) solution wasparred from wheat
bran at the same manner as rye crude extractsr Aftmogenization and centrifugation
procedures the solution was boiled for 15 min aowlexd to 4 °C.

Stop solution (DNS reagent}.5-dinitrosalicylic acid (1+0.01 g g) and sodiypotassium
tartrate (30+0.01 g g) dissolved in 100 ml of 0.4\N&lOH.

Determination of falling number. Falling number were determined according Hagberg-
Perten by 1ISO 3093:2004 method.

Endoxylanase activity assayThe endoxylanase activity in rye extracts was measby an
assay based on dinitrosalicylic acid according &1i{1959) with some modifications. One
unit of enzyme activity is defined as the amounenzyme required to releasesuthol of
xylose equivalents per minute from the arabinoxglainder the assay conditions used
(pH 4.5; 40 °C).

The reaction mixture (1 ml) containing cereal extré200 pl)) and substrate (1Q0) in
acetate buffer (0.1 M; pH 4.5) was incubated at@@or 60 min. The reaction mixture prior
to treatment bydinitrosalicylic acid was subjected to carbohydrgtarification by
CEC according to the principles described by Samees al, (1999). The equal amounts of
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carbohydrate solution and DNS reagent were mixelircubated in a boiling water bath for
exactly 5 min. After cooling, reaction solution wdiduted (1:10) and the absorbance of the
solutions was measured 540 nm. The mean absorbance values of the ttgtierminations
and the two blanks were calculated. The D-xylos@edards (0-0.25 mM) were made up in
acetate buffer (0.1 M; pH 4.5) and allowed the tmmsion of a calibration curve. For the
calculation of the endoxylanase activity (nkadfgin) the slope from the xylose curve was
used.

Carbohydrate purification by cation-exchange chromaography (CEC). CEC columns
contained the strongly acidic cation-exchanger (Bx0Vv0WX8 H 200-400 mesh) were
washed with water to neutral pH. The reaction mixt(L mL) was added, and the aqueous
effluent contains neutral compounds including chyvates was washed with 10 mL of
water.

Statistical analysis. The variations in the endoxylanase activity weralgsed with the
Statistical software Analyse-it for comparison loé tmeans by one-way analysis of variance
(ANOVA). The significant of the results from thetdanalysis was considered by0p05.

Results and Discussion

Endoxylanase variability. Table 1 presents the apparent endoxylanase aesiviti different
rye varieties of 2003 and 2004. The measured endoage activity values in the rye grain
extracts after 1 hour of incubation varied from#B.5 to 23.6+0.9 nkat/g. The statistically
significant differences between the apparent d@wiof rye varieties from PBS | and PBS I
same as between varieties of 2003 and 2004 (PB&4dtlest were found. This verifies that
the growing location influence €0.05) on the formation of the endoxylanase in nyié\ars.
Also a strong correlations between apparent endogge activities within mentioned groups
was found (R=0.74 and R=0.76, respectively; p<0.05). The apparent endmagde activities

in the rye varieties of 2004 were found to be highe an average by 46% comparing to the
activities of analogous cultivars of 2003. The tessshow the significant influence ;(1@.99;
p<<0.05) of the precipitation levels on the appaezdoxylanase activity.

The lowered endoxylanase activity values determimiéel 6 hours (Table 1) of incubation
indicated the decrease in activity which can be tuthe action of rye inhibitors which are
able to inhibit microbial kernel-associated endaxyses. The apparent endoxylanase activity
of rye variety ‘Fernando’, ‘Picasso’ and LVA hybsicshow the lowest changes during
incubation. They may have the lowest activity ofcrabial endoxylanases and can be
characterized as more resistant to microbial com@tion than the other varieties.

Table 1
Apparent enoxylanase activity levels in winter ryecultivars
Rye variety FN, Activity, nkat/g INA=-k px+InA, Tizh
s afterih | after6h
PBS | (2004)
‘Joniai’ 202 16.65+0.88 | 7.42+0.16 y=0.173x+3.049 4
‘Matador’ 208 14.50+0.82 | 6.85+0.19 y=-0.156x+2.862 4
‘Fernando’ 297 8.90+0.42 3.57+0.18 y=-0.170x+2.417 4
‘Picasso’ 253 5.06+0.37 2.87+0.19 y=-0.138x+2.010 5
PBS Il (2004)
‘Joniar’ 20¢ 19.0740.57 7.7240.1 y=-0.157x43.00¢ 4
‘Matador’ 248 23.55+0.92 | 9.22+0.28 y=-0.176x+3.193 4
‘Fernando’ 232 10.59+0.39 | 6.21+0.22 y=-0.103x+2.461 7
‘Picasso’ 262 8.29+0.50 5.7340.19 | y=-0.076x + 2.142 9
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Rye variety FN, Activity, nkat/g INA=-K px+InA, Tizh
s afterih | after6h
PBS Ill (2003/2004)

'Joniai’/2003 244 8.54+0.35 5.28+0.16 y=-0.107x+2.327
'Joniai’/2004 184 16.72+0.96 | 8.41+0.18 y=-0.143x+2.944
LVA 426/2003 263 7.62+0.26 5.08+0.18 y=-0.082x+2.131
LVA 426/2004 164 14.50+0.92 | 7.97+0.29 y=-0.120x+2.794
LVA 391/2003 292 7.10+0.28 4.78+0.18 y=-0.061x+1.924
LVA 391/2004 160 12.26+0.82 | 7.60+0.29 y=-0.099x+2.623

~REowuoo

The obtained activity values were found higher ttiarse reported in literature by Autd al
(1998) They measured endoxylanase activity of 1 and S/gdgaain in ungerminated and
germinated rye kernels, respectively, using birabdveylan as substrate. Either, the activities
of endogenoug-D-xylanase were quantified in extracts from ungeated rye grain by
Rasmusseet al (2001) The obtained activity of the endoxylanase agaRBB-xylan was
11 pkat/g-grain. The higher activity of endoxylamas our assay might to some extent be
explained by the increased susceptibility of tHelsde wheat AX to enzyme attack.

No significant correlations were found between Fhd aendoxylanase activities in rye
(R?=0.232). However, low reverse correlation’¥B.414) between FN and endoxylanase
activity after 6 hours of incubation was detectdthis suggests that the sources of
endoxylanase and amylase activities in rye areeqgifferent. Also the susceptibility of rye
varieties to microbial infection could play a role.

Conclusions

The apparent endoxylanase activities are at leastafly genetically determined, but the

levels of endoxylanase largely depended on theatiarconditions prior to harvesting. The

fact that not only sprouting kernels but also micganisms on the cereal can produce
endoxylanases may explain why no significant catreh could be found between FN and
endoxylanase activity.

The functionality of commercial xylanases in diffat applications involving cereal

processing may be influenced to different degregsthe relative quantities of cereal

endoxylanase and endoxylanase inhibitors presemtecereal raw material and by the

sensitivity of the endoxylanase to the inhibitiés. endoxylanases strongly influenced on rye
functionality, endoxylanase activity could be usasl one of additional criterion for the

selection of rye varieties suitable for applicatioaquired.
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CONTENT OF CAROTENOIDS AND PHYSICAL PROPERTIES
OF TOMATOES HARVESTED AT DIFFERENT RIPENING STAGES
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LT-54333 Babtai, Kaunas distr., Lithuania, e-mailochem@Isdi.|t

Abstract

The aim of the research was to investigate dynarofcsariations of carotenoids content (lycopene and
B-carotene) and physical parameters (colour anditexin two tomato hybrids '‘Admiro' and 'Kassa' ame
Lithuanian tomato cultivar 'Rutuliai' during thepening process. Investigated tomatoes were growthen
greenhouses of Lithuanian Institute of Horticulture

During the ripening process the amount of caratmocespecially lycopene, in fruits increased. Tighest
lycopene andgs-carotene content was determined in red-ripe froftsv. 'Rutuliai’, 10.44 and 1.22 mg 100g
respectively. Lycopene content was 1.6 times higheed-ripe fruits of 'Rutuliai' than in fruits Admiro F;
and 2 times higher than in fruits of 'KassaaFthe same ripening stage.

The colour of tomato fruits was evaluated by thE Cta*b* system. The ratio of colour coordinatésaad 1,
which is indicative of the red colour developmentomatoes, increased with maturity. The high&gt*avalue

of 0.99 was determined in red-ripe fruits of cwtiiai'. Strong positive correlation (r=0.86) wasind between
ar*/b* and lycopene content in the present study.

The firmness of fruits was influenced by the degofeomato ripeness. Turning stage tomatoes of Dutc
selection 'Admiro’ Fand 'Kassa' fwere the firmest, while fruit firmness of turnistage tomatoes 'Rutuliai' was
less than that of Dutch selection tomato hybridb@atsame ripening stage.

Key words: tomatoes, ripening, carotenoids, colour, firmness.

Introduction

Tomato is one of the most popular vegetables inutbed. In Lithuania there are harvested
approximately 18 000 t of tomatoes every year abdua 25 000 t are consumed
(Viskelis et al., 2005). Tomatoes and their products provide anngisgésource of vitamin C,
potassium, and antioxidants (primarily lycopens)cdpene, present at high concentrations in
tomatoes and tomato products, has attracted caoabideattention because of epidemiological
evidence thatsuggests this compound may provide protection agatancer and other
degenerative diseases (Weisburger, 2002). Producitiyars with big amount of lycopene
has been a goal of breeders for a long time, piynaecause of the increased red colour of
such cultivars, but more recently because of tiraeced health benefit for humans.

The quality of fresh ripe tomatoes is influenceddsgwing conditions and genetic factors.
The fruit ripening process results in biochemidamges that enhance fresh fruit quality, such
as carotenoids accumulation and development obdiawolatiles. However, the ripening
process also initiates degradative processes, asidhuit softening. The texture of the ripe
fruit has significant effect on quality and inflies consumer preferences, storability, shelf
life, pathogen resistance and transportability.

Therefore the objective of this work was to estdbthe influence of fruit ripeness degree on
the amount of carotenoids in tomato fruits, fraiture and colour.

Materials and Methods

At the Laboratory of Biochemistry and Technologytleé Lithuanian Institute of Horticulture
there were investigated tomatoes of LithuanianwvaldtRutuliai' and Dutch selection hybrids
'‘Admiro’ and 'Kassa'. For the investigations toreatof four ripeness degrees (I — turning,
Il — pink, Il — light-red and I\~ red-ripe) were gathered during mass fruit yieldiRgpeness
classification of tomatoes was based on externl dolour (Saltveit, 2005). Tomato hybrids
'‘Admiro’ and 'Kassa' were grown in the greenhoesesred with the double polymeric film
(‘Rovero 961’), in the mineral wool. Tomatoes ofltar 'Rutuliai’ were grown in the
greenhouses covered with single stabilized filnthasoil.

The amount of carotenoids in tomatoes was estadlistspectrophotometrically
(Davies, 1976).
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Tomato fruit surface colour was measured with acspphotometer MiniScan XE Plus
(Hunter Associates Laboratory, Inc., Reston, ViirdSA). CIEL*a*b* colour parameters
were recorded as*L (lightness), & (+ redness), and*b(+ yellowness). The chroma
(C*=(a**+b*3)'? and hue angle (h° = arctan(&*)) were also calculated (McGuiere, 1992).
Data were presented as the averages of the thrasumeenents. Colour parameters were
processed with program Universal Software V.4-10.

Tomato texture was measured with texture analyZér.XTPlus, Stable Micro Systems,
England). For the penetration of the tomato fruimgh diameter flat head stainless steel
cylindrical probe was used. Penetration test wadest when the probe got in contact with
tomato surface, and finished when the probe peeeélthe tissue to a depth of 8 mm. Probe
speed during penetration test was 1 mm/s. Fornhésis of texture three tomatoes of each
ripening degree were taken and each tomato wadyredcthree times around the equatorial
area of the fruit. Statistical analysis was perfednusing Texture Analyzer software.

Results and Discussion

Ripeness degree influenced the content of caralenioi tomato fruits. Red-ripe fruits of
investigated tomatoes had the high@starotene and lycopene contents. Depending on
cultivar or hybrid, B-carotene content in red-ripe tomatoes was-3139 times higher
comparing to the turning stage fruits (Figure 1).
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Figure 1. Content of p-carotene in tomatoes of different ripeness degree

The highest content off-carotene was found in red-ripe fruits of cv. 'Riait
(1.22 mg 100 §). The content op-carotene in red-ripe tomatoes of '‘Admire'dhd 'Kassa
F,was 0.89 and 0.83 mg 100 gespectively.

The biggest amount of lycopene was accumulatedehripe fruits of cv. 'Rutuliai’
(10.44 mg 1009) (Figure 2). Its content was 1.6 times higher timafiuits of ‘Admiro’ k and

2 times higher than in fruits of 'Kassa' & the same ripening stage. The highest ratio of
lycopene an@-carotene was also found in red-ripe fruits of '‘Rutuliai' (8.56). Thought in
third ripening stage (light-red) the highest lycop@-carotene ratio was established in fruits
of hybrid '‘Admiro’ i (5.45).

Colour coordinate t, characterizing fruit lightness, decreaskding tomato fruit ripening
(Table 1). At the beginning of ripening process sthechanges were not statistically
significant, but when the red colour deepened, dioate of lightness significantly decreased.
The darkest were red-ripe tomatoes of cv. 'RutuBai.65.
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Figure 2. Amount of lycopene and lycopen@fcarotene ratio in tomato fruits of
different ripeness degree

Table 1
Colour coordinates and indexes of tomatoes of diffent ripeness degree
Ripenessstagg L* | a* | b* | ¢ | h | ab*
'Rutuliai’
Turning | 46.78 | 5.79 | 26.38 27.00 77.6p 0.2
Pink Il 4594 | 13.41| 30.83 33.6( 66.50 0.43
Light-red II 4430 | 17.66| 31.11) 3580 60.4D0  0.5]
Red-ripe 1V 37.65 | 21.57| 2153 3050 4490  0.99
'Kassa' F;
Turning | 46.07 | 3.69 | 21.89] 2220 8040 0.1y
Pink Il 4437 | 7.12 | 23.88 24.90 734D  0.30
Light-red II 4220 | 1855| 28.33 3390 56.80 0.6b
Red-ripe IV 39.46 | 19.20| 25.67| 3210 5320 0.76
‘Admiro’ F ;
Turning | 4868 | 252 | 2099 2110 8320 0.1
Pink 11 4551 | 10.81| 2564/ 27.80 67.10 0.4P
Light-red II 42.00 | 20.62| 26.85/ 3390 5250 0.7]
Red-ripe IV 40.95 | 21.20| 25.37/ 33.10 50.10 0.84
LSDos 2.1/ 1.5¢ 1.44 1.9¢ 1.9C

The positive & (redness) coordinate showed the most obvious ehamigh maturity
(Table 1). Generally, it increases as a consequefdeoth chlorophyll degradation and
lycopene synthesis. The redness valtie daring tomato fruit ripening increased from
2.52 (‘Admiro’ k) to 21.57 ('Rutuliai).

The positive b (yellowness) value during tomato fruit ripeningybtly increasedrom 20.99
(‘Admiro’ F) to 25.67 ('Kassa'ifr(Table 1). Thought not significantly} lvalues were higher
in light-red stage of the investigated tomatoes ianpink stage of 'Rutuliai' and 'Admiro; F
comparing to red-ripe fruits. This may be due ® fifict that-carotenes (pale-yellow colour)
reach their highest concentration before full ripgh where lycopene (red colour) afd
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carotene (orange colour) achieve their peaks (Fretsal., 1994). The average valué¢ lof
red-ripe tomatoes of the investigated cultivars laytatids was 24.19.

The ratio of colour coordinateg and B, which is indicative of the red colour development
in tomatoes, increased with maturity (Table 1). Thighest &/b* value of 0.99 was
determined in red-ripe fruits of cv. 'Rutuliai'r@&tg positive correlation (r=0.86) was found
between lycopene content andl# ratio. Additionally, strong positive correlation=0.78)
was determined between lycopene content and caedi&i. Correlation between colour
parameters and lycopene content in tomatoes was adported by other authors
(Ariaset al.,2000; Brandt, 2006).

Chroma C is an expression of the purity or saturation &firgle colour. Colour purity €
increased from turning to light-red stage of toreatdout in the fourth ripeness stage slightly
declined (Table 1). The purest colour (the higi@stalues) was in the third stage of ripeness
of all investigated tomatoes, the average — 31t&hn§ positive correlation (r=0.78) was
found between(yellowness) and colour purity*C

During fruit ripening of tomatoes the hue angledetlined, because yellowness component
decreased and redness — increased (Table 1). Enagavh® value of red-ripe tomatoes was
49.4°, it indicated that component of yellowned$ bBad a big influence on the overall colour
of tomato(90° would mean that tomato is yellow, and 0° — ptately red).

Firmness of tomato fruit decreased with maturitig@ife 3). Fruits of 'Kassa'imvere the
firmest ones, while fruits of cv. 'Rutuliai’ werket softest. During fruit ripening of hybrid
'Kassa' Ftheir firmness decreased from 292.2 to 224.6 K/dmhought fruits of 'Kassa'tfin

the fourth ripening stage (red-ripe) were almousat times firmer comparing to the fruits of
'Rutuliai’ at the same ripening stage.
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Figure 3. Firmness of tomatoes of different ripeness degree

Investigations showed strong negative correlation@.83) between lycopene afigtarotene
ratio and tomato fruit firmness. Slightly weakergagve correlations were found between
lycopene content and fruits firmness, and betwg@&arotene content and fruits firmness,
0.81 and 0.73 respectively. Bertin and others @igestigated tomato quality changes during
ripening process and reported negative correlatetseerf-carotene and lycopene contents
and fruit firmness (Bertiet al, 2001).

Conclusions

1. The highest content of lycopene afiecarotene was found in red-ripe fruits of cv.
'Rutuliai', 10.44 and 1.22 mg 100 gespectively.

2. Strong positive correlation (r = 0.86) was founda®en lycopene content antl/la* ratio
of colour coordinates.

3. Fruits of hybrid 'Kassa'fef all ripeness degrees were the firmest.
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