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Abstract

The breeding of blueberries has expanded so famtha the number of the highbush blueberry
cultivars has reached several hundreds, and sithem are particularly widespread. The chemical
composition and suitability for the processing ajhbush blueberries has been researched quite
extensively, mostly in the USA, but there are nohsstudies and data for blueberries grown in
Latvia. Therefore the aim of this investigation wascompare the biochemical composition of
different highbush blueberry cultivars grown in \iat

The experiments were done at the Faculty of Foathi@ogy, Latvia University of Agriculture
(LLV), Jelgava, and at the Latvia State Fruit Grogvinstitute, Dobele during the year 2008. The
samples of highbush blueberry cultivars were ctdiédrom the blueberry collection of Institute of
Agrobiotechnology (LLU). The contents of titratabdeids, soluble solids, ascorbic acid, total
phenols, and anthocyanins of frozen fruits of tighbush blueberry cultivars 'Northland', 'Spartan’,
'‘Barkeley', Duke', 'Chippewa’, 'Bluecrop', 'JerseéBlueray’, 'Chandler’, and 'Bluejay’ were
analysed.

The cultivars ‘Northland’ and 'Chippewa’ had thghgst anthocyanin content (on average 297.59
and 288.83 mg 1007y respectively), the highest phenol content wasdaetl in highbush
blueberry cultivar 'Spartan’ (on average 381.14109 ¢*), the highest content of ascorbic acid
was in cultivar ‘Bluejay’ (on average 11.8 mg 106),gthe highest titratable acids content in the
berries of the cultivar ‘Chandler’ (1.35 %), ané ttultivar with the highest soluble solids content
was ‘Duke’ (on average 12.99 % soluble solids).

Kopsavilkums

Mellenu audzSana jau ir izplajusies &da apnera, ka uz doto hdi krimmelleau &irnu skaits jau
ir sasniedzis vaikus simtus un seSdesmit raontir plasi izplaitas. Kimmelleyu kimiskais sagvs
un piengrotiba @rstradei tiek intensvi pétita — visvaiik ASV, bet pagaigin nav &du Etijumu un
datu par Latvj audztajam krammellerem. Retijuma nerkis bija saldzinat daZdu Latvija audZto
krammellepu &kirpu bidkimisko sastvu.

Eksperimenti tika veikti Latvijas Lauksaimnibas universittes Rirtikas tehnolgijas fakul&té un
Latvijas Valsts Autkopibas institita 2008. gad. Krimmellepu irnu paraugi tika iedkti no
Agrobiotehnolgijas institita (LLU) kolekcijas. $irpu 'Northland', 'Spartan’, 'Barkeley', Duke',
'‘Chippewa’, 'Bluecrop’, 'Jersey’, 'Blueray', 'Charidun 'Bluejay’ paraugiem tika ana&las
titréjamas skibes, &isto& sausna, askomskibe, kogjie fenoli un antodini.

Skirnu ‘Northland’ un ‘Chippewa’ paraugiem tika konstat augstkais antodinu saturs (vigi
297.59 un 288.83 mg 100y Augstikais koggjo fenolu saturs noteiktskines 'Spartan' paraugam
(vidgji 381.14 mg 100 ), augsikais askorinskibes saturs bija 3kirnei ‘Bluejay’ (\ifl 11.8 mg
100 g'). Augstikais titgjamo skibju saturs bijalirnes ‘Chandler’ (1.35 %) paraugam, ire ar
augsiiko Xistodis sausnas saturu bija ‘Duke’ (§jd12.99 % &isto%is sausnas).

Key words: Vaccinium corymbosynascorbic acid, soluble solids, phenols, anthoogatitratable
acids

Introduction

The highbush blueberries (famiBricaea genusVaccinium corymbosyjrare a relatively novel
shrub berry crop. In the early 1900’s two enthusia€lizabeth White and Dr. Frederick Coville -
aspired to domesticate the wild blueberries. Ta#orts and selection work by plant breeders and
and pathologists has created nowadays plump, jaigget and easy-to-pick cultivated blueberries.
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The major growing areas of highbush blueberriesratee United States (in more than 38 states)
and in some provinces in Canada; gradually theyaieg propagated all around the world - South
America, Australia and New Zealand, and Europe ighbush Blueberry Council, 2009).

The popularity and demand of blueberries is growimgeasingly due to the demand for their
bioactive compounds (polyphenolics, pectic acidggoebic acid, carotenes and others) and their
antioxidant activity (Sinellet.al.,2008).

Blueberries contain polyphenols in high quantitidee antocyanins (cyanidin, delphinidin,
malvidin, peonidin, petunidin), flavonoids (cathectand epicatechin, myricetin, quercetin and
kaempferol), phenolic acids (ellagic acid, benzid cinnamic acid) and others. The content and
composition of polyphenolics depends on the grovgogditions, cultivating methods, maturity at
harvest and other conditions (Giovane#ii.al. 2009; Giovanelliet.al. 2002; US Highbush
Blueberry Council, 2009). Giovanelkt.al. (2009) reported concentrations of total phenddiod
total antocyanins, accordingly from 250 to 310 nd§d’ and from 92 to 126 mg 100'gThese
data are similar with those reported Petal. (1998): total phenolics from 233 to 273 mg *100 g
and antocyanins from 62 to 157 mg 100 g

Antioxidants help to protect the body against fragdicals caused damage, diseases and accelerated
aging. The USDA Human Nutrition Research CenterAging (Boston, MA) has stated that
blueberries have the highest antioxidant activityoag fruits. They used a test called ORAC
(oxygen radical absorbance capacity), which detmithe antioxidant capacity of foods, and
showed that fresh blueberries the ORAC is 24001066rgrams and that is more than other fresh
fruits and vegetables (for example, the blackb@BAC is 2000 to 100 strawberry - 1500 to
100 g*, apple 400 to 1007y(Prioret.al.,1998; Caaet.al., 1998).

Beaudry (1992) has suggested highbush bluebema#ygstandards: >10 % soluble solids content
(SSC), 0.3 — 1.3 % titratable acidity (TA), pH been 2.25 and 4.25 and SSC/TA ratio between 10
and 33.

Saftneret. al.(2008) explored the 11 most popular varietiesighibush blueberries (‘Chanticleer’,
‘Duke’, ‘Hannah’s Choice’, ‘Weymouth’, ‘Berkeley*Bluecrop’, ‘Bluegold’, ‘Coville’, ‘Elliott’

un 'Lateblue’) and concluded that their solubleid®lcontent (SSC) differs from 10.6 — 13.2 %;
varieties which SSC is the lowest are ‘Lateblu€gville’ and ‘Duke’ (accordingly 10.6; 10.8 and
10.9), but highest are - ‘Chanticleer’ (13.0) amluegold’ (13.2). The difference in titratable
acidity (expressed as citric acid) among cultiviartarge: ‘Coastal’ had only 0.35 % of the acid,
whereas ‘Lateblue’ and ‘Elliott’ has a two timesder amount 1.22 — 1.27 %. Fruit pH ranged
between 2.5 to 3.4 where the two last of mentiovexieties had a pH 2.5, but the ‘Bluegold’,
‘Bluecrop’, ‘Berkeley’, ‘Hannah’s Choice’ and ‘Chacleer’ had the highest pH 3.1 — 3.4. All
cultivars have these above mentioned Beaudry (198&)dards excepting three - ‘Coastal’,
‘Elliott’ and ‘Lateblue’ (Saftneet.al.,2008).

Another autor (Giovanellet.al, 2009) studied the blueberries cultivars ‘Goldbealy ‘Patriot’,
Bluecrop’ and ‘Darrow’. These varieties agree wBiraudry (1992) suggested standards in regard
to pH which is 2.90 — 3.15, but the titratable @gifexpressed as citric acid) is higher — from51.1
(‘Goldtraube’) to 1.47 % (‘Bluecrop’).

Due to their chemical content, blueberries are ackadged as very healthy food and are sold not
only fresh but also in jams, as blueberry juice #rey can also be canned, frozen and dried, and
producers are still looking for the new procesdaahniques.

The breeding of blueberries has expanded so famiha the number of the highbush blueberry
cultivars has reached several hundreds, and sixtigeon are particularly widespread. (Augn
ogas Latvii masdienu auty darza, 2008).

The chemical composition and suitability for prageg for highbush blueberries has been
researched quite extensively, mostly in USA, butréhare no similar studies and data of
blueberries grown in Latvia.

Therefore the aim of this investigation was to campthe biochemical composition of different
highbush blueberry cultivars grown in Latvia.

Materials and methods
The experiments were done at the Faculty of Foathii@ogy, Latvia University of Agriculture
(LLU), Jelgava, and at the Latvia State Fruit Gmogvinstitute, Dobele. The samples of highbush
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blueberry cultivars were collected from the bluepeollection (7 years old bushes) of the Institute
of Agrobiotechnology (LLU), Jelgava.

The samples were analyzed after freezing. Aftevdsding the blueberries were sorted, frozen in
the freezer PORKKA BF 710 at a temperature of -25%E2 then packaged and stored for one
month in the freezer chamber VTK 201 U at a tempeezof -20+2 °C.

The contents of titratable acids, soluble solidspébic acid, the total phenols, and anthocyanins o
frozen fruits of highbush blueberry cultivars ‘Ndand', '‘Spartan’, 'Barkeley’, Duke', 'Chippewa’,
'‘Bluecrop’, ‘Jersey’, 'Blueray', 'Chandler', arldéy' were analysed.

The content ofascorbic acidwas determined by titration with a 0.05-M iodir@usion (Moor et

al., 2005). 25 g of berries were doused with a 100omk % solution of oxalic acid and
homogenized for 1 minute. Then the sample wagéitte?2 ml of 1 % solution of starch was added
to10 ml of filtrate and the filtrate was titratedtil a change of colour, which does not disappear
during 30 seconds. The content of ascorbic acidoergl00 g of berries was calculated from the
following equation [1]:

C = 400. Yz, [1]
standard
where Vsampie— Volume of the iodine solution titrated in a saegphl;
Vsiandara— VOlume of the iodine solution titrated in a starbsolution, ml.

Total titratable acidsvere determined by titration with 0.1 N NaOH (IS8071998) in fresh and
frozen berries.

The contents of the soluble solids were determimedefractometer (ISO 2173:2003) in fresh and
frozen berries.

Total phenol content was determined by the photometethod with Folin-Ciocalteau reagent
(Singletonet al, 1999). For analyses of phenols the Folin-Cioeaalteeagent and 4 ml 7.5 %
sodium carbonate was used. After 30 minutes thelesmvere analyzed with a spectrophotometer
at a wave length of 765 nm. As a control solutiomllwater with 5 ml Folin-Ciocalteau reagent
and 4 ml 7.5 % sodium carbonate solution was uBkd.content of phenols was calculated from
formula [2]:

x- C
a-1C, [2]
where C — content of phenols, mg 100 g
a — the amount of analyzed sample, g.
The results of all analyses were recalculated bdlLof dry weight.

Total anthocyanins were determined by the spectimphetric method (Moot al, 2005).
Initially 50 g of berries were homogenized. Then@0f this volume was doused with 40 g of
ethanol and 1.5 M HCI solution (85:15 by volume)ammogenized for 1 minute. Then the
sample was filtered, and light absorption at 535was detected with a spectrophotometer. The
sample was diluted until the absorption coefficieats between 0.6 and 0.8. The content mg per
100 g was calculated with the equation [3]:

o A-v-d 1000; 3]
98(C-m
where A — absorption coefficient;
v — volume of the extraction (90);
d — dilution;
m — sample weight in g.

Results and Discussion
The total anthocyanins of highbush blueberry cattwiffered between 59 and 119 mg 18§
fresh weight (Figure 1).
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Figure 1. Total anthocyanin content in highbustebkrry cultivars.
*Values, marked with the same letter, are not digantly different at p=0.05.
** Bars corresponds the standard error of the medéihe cultivar.

The cultivars ‘Northland’ and 'Chippewa’ had thghgst anthocyanin content (on average 297.59
and 288.83 mg 100 grespectively).

The total phenol content of highbush blueberriéedid between 226 and 381 mg 10bdj fresh
weight (Figure 2). This is even higher than repibitethe literature (Giovanelket.al.,2009; Prior
et.al, 1998).
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Figure 2. Total phenol content in highbush blugpeultivars.
*Values, marked with the same letter, are not digantly different at p=0.05.
** Bars corresponds the standard error of the meéihe cultivar.

The highest phenol content was measured in thebbhghblueberry cultivar 'Spartan’ (on average
381.14 mg 1009.

The ascorbic acid content in the highbush bluebeutiivars was low compared to the other berry
crops (currants, strawberries, etc. (Aum ogas Latvj masdienu auly darza, 2008; Mooret al,
2005): from 6.9 to 11.8 mg 100" (Figure 3).
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Figure 3. Ascorbic acid content in highbush blugpeultivars.
*Values, marked with the same letter, are not digantly different at p=0.05.
** Bars corresponds the standard error of the medihe cultivar.

The cultivar ‘Bluejay’ had the highest content starbic acid (in average 11.8 mg 10%).g

The titratable acids content in highbush bluebsrddéfered between 0.5 and 1.4 %, similarly to
that reported in the literature (Beaudry, 1992;trigafet.al., 2008). There were high differences
between the cultivars in titratable acid contemgiFe 4).
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Figure 4. Titratable acid content in highbush bkrefp cultivars.
*Values, marked with the same letter, are not digantly different at p=0.05.
** Bars corresponds the standard error of the medihe cultivar.

The titratable acid content in the berries of théticar ‘Chandler’ (1.35 %) were significantly

higher than in all other evaluated cultivars. Titratiable acids content in most of the cultivard di

not exceed 1 % and is low compared to other barityars. It is important for processing to find

blueberry cultivars with the higher acidity thenefdhe cultivar ‘Chandler’ could be more suitable
for the production of juice and other preserves.
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Figure 5. Soluble solids content in highbush blugbeultivars.
*Values, marked with the same letter, are not digantly different at p=0.05.
** Bars corresponds the standard error of the meéihe cultivar.

The soluble solids content in the evaluated highthlaeberry cultivars differed between 8.5 and
13 % (Figure 5). The cultivar ‘Duke’ had the highesluble solids content (on average 12.99 %
soluble solids). The soluble solids content in sdrheberry cultivars grown in Latvia could be
lower than in other growing regions due to morefall, less sunshine, and a colder climate. For
example, the soluble solids content in the berwfethe cultivar ‘Berkeley’ were only on average
8.5 %, which is significantly lower than that memted in the literature (Saftnet. al.,2008).

Conclusions

The cultivars ‘Northland’ and 'Chippewa’ had thghast anthocyanin content (on average 297.59
and 288.83 mg 1007y respectively), the highest phenol content wassmesl in the highbush
blueberry cultivar 'Spartan' (on average 381.1418@ g), the highest content of ascorbic acid
was in the cultivar ‘Bluejay’ (on average 11.8 n@13"), the highest titratable acids content in the
berries of cultivar ‘Chandler’ (1.35 %), and thdtimar with the highest soluble solids content was
‘Duke’ (in average 12.99 % soluble solids).

In total, the chemical composition of the evaluabéghbush blueberry cultivars grown in Latvia
were similar to the literature, but there was tengethat blueberries in Latvia had higher phenol
content and lower soluble solids content compasetidse grown in the other growing regions.
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Abstract

Rowanberry $orbus aucuparid..) is a common yellowish, wild berry that growsthe Northern
part of Europe. Rowan has been described as anrtamposource of flavonoids and their
antioxidant activity affects reactive oxygen speciad lipid peroxidation. The aim of this study
was to evaluate the biochemical composition of\8artberry cultivar fruits and the fruits of their
hybrids withRosacead.. cultivars and to establish the correlationtait biochemical composition
with antiradical activity. The experiments were daat the Faculty of Food Technology, Latvia
University of Agriculture (LLU) and in the Latviat&e Fruit Growing institute, Dobele. The
content of ascorbic acid, the total phenols, antanins, carotenoids, soluble solids, titrable acids
tannins and the antiradical activity of fresh amrdzén rowanberryxhawthorn '‘Granatnaya’,
rowanberryxchokeberry 'Likiornaya', rowanbe¢8orbus aucupariaRosina’', rowanberrgSorbus
aucuparia) 'Zholtaya', wild rowanberrySorbus aucuparia)rowanberryxpear 'Alaya Krupnaya',
rowanberry (Sorbus aucuparia)Rosina Variegata', rowanberi§gorbus aucuparia)Krasnaya
Krupnaya' were analysed. There were no signifidiffearences between the chemical composition
of fresh and frozen rowanberry samples. The higbestent of ascorbic acid was in fruits of the
rowanberry ‘Rosina’, 'Rosina Variegata', 'Krasnkyapnaya', and 'Zholtaya' (49 — 53 mg 10%).g
The highest content of carotenoids were detectedwiranberryxhawthorn 'Granatnaya‘ (13.04 mg
100 g%, but the highest phenol content was detectechénrowanberry and chokeberry hybrid
'Likiornaya' (484.9 mg 10079. 'Likiornaya' showed also the highest antiradativity (11.2 g of
berries per 1g of DPPH radical).

Kopsavilkums

Piladzi (Sorbus aucuparid..) ir izplatits savéas autpugs, kas aug Eiropas zidmelda. Piladzi ir
raksturoti k& noamigs flavonadu avots un to antioksidaé aktivitate ietekn® reakivo skabekli un
lipidu peroksidciju. Petijuma nerkis bija iz\ertét biokimisko sagtvu 8 pladzu irpu un to
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