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Abstract

During the baking heat exchange process, varioamidal transformations take place and form new atam
compounds, and the final result is bread. Furaessame of these volatile aromatic compounds. They a
formed in the heat exchange processes of food ptioad baking, heating, and roasting. One of these
compounds is 5-hydroxymethylfurfuraldehyde (HMF)hieh is widely distributed in food products such as
bread, coffee, honey, milk products, meat, fiskertsnd others. Aromatic volatile compounds endosvbsead
with its characteristic aroma and taste. The folwnaof furan and its derivatives in food produdsbt clearly
understood. In 2004, the Europe Food Safety Autyhatarted to collect data from EU member statebl -
content in food products. There is no such inforomaavailable on Latvian foodstuffs. Specifically, Latvia,
there have been no investigations on HMF formaitiorye bread during bake processing to date. Timeodithis
study was to investigate the dynamic of HMF formatin whole meal rye bread crumb and crust, asémited
by baking time. The bread was produced in a Lateammercial bakery. The content of HMF in whole ea
rye bread was determined by using liquid chromaplyy. The study showed that Latvian whole meabngad
baked at the optimal time of 60 minutes contain@.82ng kg HMF. Its content in rye bread crumb reached
22 mg kg', which is substantially different from the HMF ¢ent of bread crust. During the prolonged baking

time, the rate of HMF formation is no significant
Key words: furan,HMF, rye bread, baking

Introduction

The Maillard reaction, first described by Frenclestist Louis-Camille Maillard in 1912, is
comparable to a revolution in the food industryr Rearly 100 years food scientists have
studied expressions of this reaction in food durihgrmal treatment, which leads to its
characteristic colour, smell, taste, and structétiso during the Maillard reaction (MR),
aromatic compounds are formed which either enhdocd flavours or reduce nutritional
value, as happens during overly long-term foodagjer

During the rye bread baking process, the Maillagdction takes place, characteristically
occurring in systems with intermediate moisturetenty a temperature above 50 °C and a pH
of 4—-7, and caramelization also takes place duhigprocess at temperatures above 100 °C
(Ramirez-Jimenez et al., 2001).

5-hydroxymethylfurfuraldehyde (HMF) is one furanrigative, formed during the rye bread
baking process as a result of the MR. HMF in fo®d iconcern because, based on animal
tests, it is considered possibly carcinogenic tonéws by the International Agency for
Research on Cancer (IARC, 1995). A hot debate aaosend HMF a few decades ago and
the compound’s toxicity, mutagenicity, and carcewgity are still controversial. The
information contained in the scientific world isaquivocal. The threshold LD50 of HMF is
3.1 g kg' body weight in rats and dogs. There are studiesoaes of 75 mg kbwhich
confirm HMF effects on animals, as well as reseasctihat confound the assumption about
the hazard of HMF (Michalil et al., 2007).

The European Food Safety Authority (EFSA) foundegr@up to evaluate food safety, and
during 2004-2009 collected data from EU MembereStédr furan and HMF content in food
(EFSA, 2004). The scientific report lists 2908 fusacontaining samples from 20 different
food groups (EFSA, 2009There is no such information on Latvian foodstuffee EFSA
working group, in summarizing findings obtained abdhe extent of HMF consumer
exposure, origin, formation and toxicity, conclugd#duht the information does not represent a
true picture of HMF in foodstuffs. Currently avdila data on food safety are insufficient to
make evaluations or recommendations concerningnpatechanges in dietary regime.
Further studies and data are required. Based ounstndprovided data, the EU has
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recommended a modified theoretical daily consunmptfmTAMDI) of HMF, which is
1600 pg/person/day (EFSA, 2005)

Most Latvian consumers consider that the brealeésntost important food in their diet after
meat, dairy products and vegetables. Latvia is ghaeally rich in unique and consummate
rye bread traditions. In Latvia rye bread is tradially baked on the clay floor of a wood-
fired oven. Such rye bread has a distinctive ar@pangy texture, and a slightly moist crumb
with a fantastic taste. To date there have beesturies in Latvia on furan compounds and
HMF formation during the baking of traditional rigeead. The Latvian Food Centre database
has no information on the HMF content of any bried consumers could access.

The aim of this study was to determine the forrmattb HMF in Latvian traditional whole
grain rye bread during baking.

Material and Methods

The samples used in this experiment were obtaimeoh frye whole grain flour (stock
company ‘Jelgavas Dzirnavas’, Latvia). The dougls wisade with scald, natural starter,
sugar, salt, malt and cumin.

The whole meal rye bread was baked in a Latvian ncernoial bakery under several
conditions. Four 1kg loaves were formed and plasete prebaking chamber for 1 minute at
a temperature of 400 °C, and then the loaves waxg for baking in a chamber oven at a
temperature of 250 °C. One loaf was used for me@sguemperature during baking of loaf
crust surface and crumb temperature inside the byafusing thermo-couple. The start
temperature of crumb was 37 °C and crust start éeatpre was 87 °C. Characteristics of the
samples are given in Table 1.

Table 1
Characteristics of analyzed samples

Rye bread Baking time, | Temperature | Temperature

loaf min of crumb, °C | of crust, °C
Nr. 1 30 94 134
Nr. 2 45 99 141
Nr. 3 60 100 149
Nr. 4 75 100 156

After baking the loaves were left to cool at rocemperature for 12 hours. The loaves were
cut into 1 cm thick slices. For analysis the cwat very carefully separated from the crumb
by using a conventional knife. The crumb and thestcratio of the samples was identified.
The study was conducted in the Scientific LabosatdrNatural Chemical Substances at the
Department of Chemistry of the Latvia UniversityAgriculture in 2011.

For the HMF analysis, 5g of the homogenized samna@e extracted in 50 ml of distilled
water. The ten-minute extraction was carried ouannultrasonic bath. After extraction the
samples were centrifuged for 10 minutes at 6000 (HEBRMLE Z 206A, Germany). The
liquid phase of the sample was filtered through4b@m nylon filter, and was further used
for HMF analysis by high performance liquid chroogiaphy (HPLC), (CHIMADZU,
Japan). The content of HMF in the samples was héted by the calibration curve method.
Standard solutions of 20; 30; 40 nigwere prepared of HMF (Sigma-Aldrich, Germany).
The filtrate of the sample (10ul) was injected ithe HPLC, and analyzed by using (10/90)
acetonitrile (CH3CN/KO) by flow rate of 1.3 ml mih as a mobile phase, and a Alltech C 18
column (4.6x250mm) connected to a UV/VIS detect8PP-20A) set at 280 nm. Data
were acquired and processed using Shimadzu Lab&@wdutsoftware (Lesolution
Version 1.21 SP1).
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The colour of thesamples was easured by Tristimulus colorimeter Color Tec/P(
(Accuracy Microsensors, Inc), reading the wr spectrum of the three coordinates, wr
L*is darkness, a% rednes, b*is yellownessStatistical evaluation was performed using S
14.0 for Windows. gnificance was defined a< 0.05 level.

Results and Discussion

A variety of structural, physiochemical, sensoryamfpes and transformations take pl
during rye bread bakin@.-he MR and caramelisatioexplain most of these chan, although
it is difficult to characterize all the complexitf the compounds formed ring the baking
process. The HMHAs one of the compounds formed during rye breadnige The data
obtained on HMFeontent in the rye bread crumb and crust at diffiebaking times is show
in the Figure 1.
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Figure 1.The HMF content in rye bread crumb and crust at different kaking times

HMF mg kg!

The section of bread loafcrumb or crust — and baking tinegre significant factors (p=0.00
which affect the formation of thHMF in bread.The HMF content of the rye bread crumt
the keginning of the baking process 0.1 mg kg'. At optimal baking tim — 60 min, — it
increases to 2.2 mg RgContinuing baking for another 15 r, it reache 2.5 mg kg". The
temperature in the crumb increases fr94 °Cat 30 min of baking to 1( °C at 75 min of
baking. The HMFcontent of bread crusds 57.2 mg-kg at an early stage of baking, a
increase to 271.5 mg Kaat the end of baking. The HMEontent of the samples at t
beginning of baking differs significantly from tlventent at the end of baking, which can
explained by temperature effec

100 91.10
5 % 64.80
< 57.2( 58.40
@ 60
S
S 40
T
< 20
30 45 60 75
Baking time

Figure 2.The HMF growth rate in the crust at different (3(-45; 4560, and 60-75 min)
stages of baking

63



FOODBALT 2011

During baking, the water content on the surfacéhefloaf becomes less than in the mic
and this, combined with the high temperature, is of the factors that makes the cr
different from the crumbln these circumstances the MR takes place in thenloy where
HMF is a byproduct, but in the crust, at a temperaturl34—156 °Csugar caramelisatic
takes place (Ramiresimenez et al., 2(1). Throughout the baking time ttHMF content in
bread crumbncreases smoothly, but the amount is negligiblagared to the amount in t
crust. The HMFin the crust increases, but its growth rate atoumristages of baking

different (Fig. 2.).

At an early stage of baking frc 30 to 45 min the HMF growth rate w8s9 m¢min™. The
highest growth rate of HMF in the crust was obserfrem 45 to 60 minwhere it reache
6.1 mg mif" but after 60 mirit fell to 4.3 mg min*A similar kinetic was observed in a stu
on the cake baking proceg&it Ameur et al., 008), where at the final stage of bak the
growth of HMF decreased.

The colour L* a* b'measurements of loaf crumb and crust are summainzeable 2

Table 2
Colour parameters in crumb and crust at baking times
Baking Crumb Crust
time L* a* b* L* a* b*

30 min |45.65+1.2934.06t0.19( |23.61+1.19539.30+1.293 5.41+0.19( | 19.65+1.195
45 min |45.39+1.29383.75+0.19(|23.14+1.19535.05+1.293 5.23+0.19( | 12.44+1.195
60 min |44.49+1.2983.19+0.19( (2150+1.199 31.12+1.293 4.17+0.19( | 11.80+1.195
75 min |43.80+£1.2982.74+0.19( (20.08+1.19529.29+1.293 3.40+0.19( | 7.28+1.195

HMF, colour factors and temperature correlation evdetermined by correlation analys
HMF is in a close negative correlation with theoesl factorL*(r=-0.978), and factor b
(r=-0.955), and aclose positive orrelation with temperature (r=0.928)\ close positive
correlation between HMF and colour factor -L* has been observed in studies with bisc
and bread (RamireZzimenez et al., 2001 The regression analysis showed that ttMF

content can be predictédm L*factor and the temperature chan(HMF=1296.775- 24.13
L* — 2.2 -temperature)This regression model is significi (p=0.001), there is close
correlation (r=0.986, £0.971).

During rye bread bakingtructural changes take plain the loaf, increasing the thickness
the crust. The ratio of the crust and crumb wasgrdahed for evaluation t HMF in bread

(Fig. 3.).
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Figure 3. Crumb and crust ratio of bread at different time of baking
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At the beginning of baking, the thickness of thastris thinnest, and gradually becomes
thicker with increased baking time while the crumddume reduces. At the optimum baking
time of 60 min bread crust is 14.6% and crumb ig &b

The total content of HMF in the bread was calculdiased on the HMF content in the crust
and crumb as well as on crust and crumb ratio mbws baking times (Fig. 4).
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Figure 4. HMF content in the bread at various bakimg time

After studies and estimates the HMF content of Iyikeggwhole meal bread loaf at the optimal
baking time (60 min) is 32.1 mg kKgAccording to the literature, the content of thElFHin
whole meal rye bread is reported to vary from 12.211.02 mg kg(Bobere et al., 2009;
Hiller B. et al.,2011). Latvian nutritionists recended consuming 150-200 g of rye bread per
day. In this case the exposure of HMF would be 46822 mg per day. Spanish researches
have calculated HMF exposure of 9.7 mg per dawlath 4.9 mg per day is ingested with
coffee (Arribas-Lorenzo and Morales, 2010). Nonaegiscientists have concluded,- that
HMF is more actively assimilated into the humanabetism when consumed in coffee, dried
fruits, and alcohol. Monosaccharides, disacchayidied starch are not essential to the body's
metabolic process (Husoy et al., 2008). From tkisjpective, bread products are not a source
of HMF potentially risky to human health. The issafeHMF in food is still not suffiiciently
investigated, but it is necessary to look for way®ptimize HMF content in bread without
losing its sensory properties. The FDA recommeridg tonsumers eat a balanced diet,
choosing a variety of foods that are low in traasdnd saturated fat, and rich in high-fiber
grains, fruits, and vegetables.

Conclusions

1. The HMF content does not exceed 2.2 mg kgwholemeal rye bread crumb, but in the
crust it was 57.2 mg kbat the early stage of baking, and increased to52iy kg' at
75 min of baking.

2. Baking time and temperature have signiificant (88Q) impact on the HMF content in
bread.

3.  Wholemeal rye bread contains 32.1 mg k§§HMF; prolonging baking time by 15 min,
increases the content of HMF by 1.7 times.

4. The HMF is in close correlation (r=0.986) with thaarkest shades of colors
characterized by the factors L*. The greatest mseeof HMF in the bread crust was
found at 45 and 60 min of baking.
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