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Abstract— Digestive system conditions may in-
crease or decrease the formation a-dicarbonyl com-
pounds. This study aims to determine the bioaccessi-
bility of glyoxal (GO) and methylglyoxal (MGO) in
bakery products under in vitro gastrointestinal condi-
tions. For this purpose breads and bakery products
were obtained from bakehouse in Istanbul, Turkey.
The amount of GO and MGO in samples ranged be-
tween 54.8 to 180.4 ug /100 g and 45.8 to 220.3 ug /
100g respectively. After in vitro digestion GO and
MGO levels were increased to between 170.4 to 656.8
Kg / 100g and 105.6 to 1220.9 ug/100 g, respectively.
Bioaccessibility of GO and MGO increased up to
727% and 1351% respectively. High increase rates
were observed in samples that contain high fat and
low moisture contents. We demonstrated that for-
mation of GO and MGO increase under in vitro diges-
tive system conditions. Further studies are needed to
extensively investigate the formation mechanism in
such foods.

Keywords— Breads, Glyoxal, Methylglyoxal, Bio-
accesibility, HPLC.

I. INTRODUCTION
Bread, with many different forms, is one of the most con-
sumed staple food in the human's diet over the centuries
(Cauvain, 2015). Breadmaking requires 3 steps including
dough mixing, fermentation, and baking which results
unigue aroma, taste, and flavor features to bread (Cho
and Peterson, 2010). This is a complex process where
significant physical and chemical changes occur (Serpen
et al.,, 2012). One of the most outstanding chemical
changes take place during bread baking is the Maillard
reaction (MR). MR is a heat-induced, non-enzymatic
browning reaction which occurs between carbonyl
groups of reducing sugars and amino groups of amino ac-
ids (Helou et al., 2016). Hodge first described MR in
three stage: initial, intermediate, and final stages where
MR products formed. At the initial stage of MR, the
Schiff base is formed as a result of the condensation re-
action between the carbonyl group of the reducing sugars
and the free amino groups of the proteins. During the in-
termediate stage, the Schiff base converts to ketoamines
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known as Amadori products. In the final stage, aldol con-
densation occurs thus brown macromolecules known as
melanoidins are generated (Tamanna and Mahmood,
2015). Apart from these series of reactions, MR can take
place in biological systems, and the final products are re-
ferred as Advanced Glycation End Products (AGEs).
AGEs are a heterogeneous group of molecules formed as
a result of non-enzymatically by the reaction of reducing
sugar and other a-dicarbonyl compounds (a-DCs) with
amino groups on proteins, lipids, and nucleic acids. a-
DCs, such as 1-deoxyglucose, 3-deoxyglucose (3-DGO),
glyoxal (GO), and methylglyoxal (MGO), are AGEs pre-
cursors and can be formed as a result of the degradation
of Amadori products through MR. a-DCs, form advanced
glycation end products (AGESs) in the 'advanced' pro-
cesses of the MR. As well as MR AGEs can also be de-
rived from caramelization, sugar autoxidation, and lipid
peroxidation. The pathway through which AGEs are pro-
duced depends on food composition and processing con-
ditions. Caramelization occurs over 120 °C or pH be-
tween 3-9 whereas Maillard reaction requires 50 °C and
pH in range of 4-7. Sugar autoxidation takes place under
all conditions that are relevant for food processing, espe-
cially in alkaline pH. Lipid peroxidation can be formed
due to storage and process conditions. Carboxymethyl-
lizine (CML), carboxyethyllizine (CEL), methyl glyoxal
lysine dimer (MOLD), deoxyglucose lysine dimer
(GOLD), pentosidine, and pyrimidine are the known
AGEs (Wang, 2019). Excessive amounts of AGEs in cir-
culation disrupt cell structure and functions which causes
oxidative stress and inflammation. AGEs play direct role
in the development of age-related chronic degenerative
diseases, diabetes mellitus, cardiovascular diseases, can-
cer and central nervous system disorders (Luevano-Con-
treras and Chapman-Novakofski, 2010). From this point
of view, it is important to know AGEs formation in vitro
conditions. Recent studies have focused on the in vitro
formation of 'thermal process contaminants’ such as o-
DCs, AGEs, and lipid oxidation products (Hamzalioglu
and Gokmen, 2020). Especially lipid oxidation products
have been recently studying with great attention. Lipid
oxidation degrades food quality, alters texture properties
and reduces shelf life in foods as well as increases the
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risk of atherosclerosis, age-related chronic conditions,
cancer, and neurodegenerative disease by causing in-
flammation in human body (Guéraud et al., 2010). Addi-
tionally, oxidation process of lipids increases under gas-
tric digestion due to pro-oxidant conditions in the gastro-
intestinal tract such as low pH of gastric juice, presence
of oxygen incorporated into food during mastication, and
metallic ions. The increased lipid oxidation products may
also promote the formation of a-DCs (Nieva-Echevarria
etal., 2020). The effects of digestion on a-DCs occurring
in food have not been extensively investigated. In vitro
simulated digestion can reduce or strongly increase free
a-DCs content depend on food content but or reactions
occurring during digestion (Papetti et al., 2014). To our
knowledge, although the effect of gastric conditions on
a-DCs have been studied with some foods including Ma-
nuka honey, biscuits, coffee, and soya sauce, there is no
study on bread and other bakery products. This study
aims to investigate the formation of a-DCs in bakery
products under in vitro gastrointestinal system condi-
tions.

Il. METHODS

A. Materials

Glyoxal, methylglyoxal, methanol, sodium acetate, 4-ni-
tro-1,2-phenylenediamine, acetonitrile, pancreatin (8
xUSP), pepsine (>250 units/mg solid), lipase (100-500
units/mg protein), alpha-amylase (1.5 U/mg), NaCl,
KCI, bovine serum albumin, bile salts, mucin, urea were
procured from Sigma-Aldrich (St. Louis, MO, USA).

B. Sampling

Breads (10), bagels (3), breadsticks(5) and other bread-
like product with different additives such as tahini,
fruits and some nuts (5) were purchased from different
markets in Istanbul, Turkey. The contents of the bakery
products were given in Table 1.

C. Extraction and derivatization of GO and MGO in
foods

GO and MGO in food was extracted by the method de-
scribed by Cengiz et al. (2020). Following all samples
was homogenized with a blender, 5 g of each sample was

580 mg a- amylase 5 g pepsin
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placed into 50 mL plastic centrifuge tubes and 5 ml meth-
anol was added. Each sample was homogenized by Ultra-
Turrax homogenizer and centrifuged at 8000 rpm for 5
min. The supernatant (0.5 ml) was poured into 10 mL
glass tube and pH was adjusted to 3 with 0,1 M sodium
acetate buffer. Derivatization solution was prepared solv-
ing 4 - nitro- 1,2 - phenylenediamine in methanol (1%)
and added to each sample mixture. The mixture was al-
lowed to form stable nitroquinoxaline compounds at
70°C for 20 min. The cellulose acetate filter (CA, 0.45
pm) was utilized to filter the samples before injection
into HPLC.

D. HPLC determination of GO and MGO

The procedure described by Cengiz et al. (2020) was fol-
lowed to detect GO and GO of the samples via HPLC.
The HPLC system includes Shimadzu LC 20 AT pump
with a Shimadzu SPD-20A UV/VIS detector (Shimadzu
Corporation, Kyoto, Japan). The mobile phase was the
solution of methanol: water: acetonitrile (42:56:2, v/viv).
Inertsil ODS-3, 250 x 4.6 mm, 5 um column was used to
separate nitroquinoxaline compounds as a result of the
reaction between 4-NPD and, GO and MGO. The flow
rate and column temperature were set 1 ml/min and 30
°C. The wavelength of the detector was adjusted to 254
nm.

E. In vitro bioaccesibility of GO and MGO
The bioaccessibility of the GO and MGO in bakery pro-
ducts was determined using an in vitro simulated human
digestive system. This in vitro simulated method was a
modified version of that described previously by Yaman
and Mizrak (2019). Saliva, gastric, duodenal, and bile
juices were prepared as 1000 mL and shown in Fig. 1.
For sample digestion, 5 g of bread samples were ini-
tially blended with 5 mL of saliva solution. The mixtures
were incubated for 5 min at 37 °C. Next, the samples
were mixed with 10 mL of gastric solution and allowed
for digestion for 30 min at 37 °C. Following gastric
phase, the sample mixtures were blended with 5 mL of
bile juice and 10 mL of duodenal solution and incubated
for 2 h at 370C. The incubations were carried out in a
shaking bath in all phases. After digestion was

18 g pancreatin, 3 g lipase
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6.5mL HCI (37 g/L)

18 mL CaCL.2H20
(22.2¢/L)

1.7 mL NaCl
(175.3 g/L)
8 mL urea (25 g/L)

15 mg uric acid 1 g bovine serum
albumin

50 mg mucin
3 g mucin

68 mL NaHCO:
6.4 mL KCI (89.6 /L) g

(84.7 g/L)
9 mL CaCl22H:z0 10 mL CaCl» 2Hz0
(22.2g/L) 222gL)

1 g bovine serum

. 18 g bovine serum
albumin g

Saliva Gastric Juice

pH 7.0+0.1 pH 1.50.1

albumin

60 g bile
Duodenal Juice Bile Juice
pH 7.00.2 pH 7.0£0.2

Figure 1. Saliva, gastric, duodenal, and bile juices used in the in vitro human digestion model.
Table 1. The declared amount of macronutrients in breads and other bakery products.
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Energy

Fat Saturated

Sample sample type (kcal/100 Carbohydrate Sugar (g/100 Eat Protein
number %) (9/100 g) (9/100 g) Q) (/100 g) (9/100 g)
1 Mediterranean bread, plain 283 55.15 2.92 2.81 0.36 9.18
2 Mediterranean bread, wholemeal 264 46.61 2.78 2.87 0.36 11.06
3 Bread, sourdough, wholewheat 214 51 0.86 0.84 0.54 10.7
4 Bread, wholewheat 229 40.6 2.5 1.4 0.3 10.7
5 Toast bread, light 21.24 48.98 171 1.42 0.86 1151
6 Village bread 250 49.44 2.86 111 0.22 8.15
7 whole wheat bread, chia seeds 243 40.2 3.9 2.2 15 12.2
8 Bread, rye and buckwheat 234 42.8 4.1 1 0.6 114
9 Bread, germ 235.93 50.23 2.65 1.03 0.54 9.69
10 Bread, walnut 242 46.5 2.3 24 0.45 85
11 Breadstick, sesame 415 69.5 4.5 10 5.4 11.8
12 Breadstick, wholemeal 390 75 3 4.7 6 11.3
13 Breadstick, chocolate, butter, milk 487.9 77 6.6 14.3 5.5 12.8
14 Breadstick, oats and buckwheat 420 63 3.11 11.3 3.24 134
15 Golden muffin, nut and dried grape 303 46.46 6.98 8.25 2.24 8.95
16 Hard biscuit, sunflower seed 390 28.64 13 4.79 2.12 10.21
17 Cracker stick, multigrain 437 65.7 2.88 13.3 4.47 115
18 Turkish bagel, sesame 270 53.02 5.3 1.7 0.4 10.52
19 Soft Turkish bagel 289 55.73 12.13 35 14 8.11
20 Pastry, cheese,dill 340 32.11 1.48 19.85 8.82 8.39
21 Muffin, sweet 372 50.9 31.73 16.4 3.07 6.2
22 Muffin roll, tahini 448 37.92 131 29.08 4.4 13.24
23 Flat bread, tahini 471.6 514 1.6 24.4 3.2 11.6

Similarly, other bread-like bakery products (sample
W “ BTG 19-23) include significant carbohydrate and fat ranged
] from 37.9 to 55.7 g/100 g and 1.7 to 29.08 g/100 g re-
& spectively.
] The GO and MGO levels before and after digestion
3 6 were given in Table 2. The amount of GO and MGO in
] samples ranged between 54.8 to 180.4 ug/100 g and 45.8
H e to 220.3 ug/100 g respectively at initial. In accordance
1] Wb M with our findings, Degen et al. (2012) detected MGO
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Figure 2. HPLC chromatogram of glyoxal (GO) and methylgly-
oxal (MGO) in sample 16.

ended, the volume of the digested sample solutions was
completed to 50 mL. These solutions were centrifugated
for 5 min at 8000 rpm and lastly, the supernatants were
filtered with 0,45 um CA filter before injection to HPLC.

F. Statistical analysis

The results were obtained from three replicates of analy-
sis and given as mean value + standard deviation. Signif-
icant differences was demonstrated by the analysis of
variance (ANOVA) and multiple comparison test by
Minitab 17 statistical programme (p<0,05, Tukey’s test).

I11. RESULTS & DISCUSSION
The HPLC chromatogram of GO and MGO in sample 16
are shown in F. 2. The amount of macronutrients on the
labels including energy, carbohydrate, fiber, sugar, fat,
protein, and salt were presented in Table 1. Table 1
shows that the bread samples (sample 1-10) contain high
amount of carbohydrate ranged from 40.2 to 55.15 g/100
g, whereas breadsticks and cracker sticks (sample 11-18)
have high carbohydrate and fat content ranged from
28.64 to 77 g/100g and 4.7 to 13.3 g/100 g, respectively.

content with average value of 3.0 mg/kg; Uribari et al.
(2010) found 3.6 nmol/100 g MGO in bread samples;
Maasen et al. (2020) indicated a-DCs in breads were
ranged 90 to 146 mg/kg. a-DCs in breads can be easily
formed by sugars in caramelization reactions, during the
Maillard reaction, or lipid peroxidation (Wang 2019).
Among the samples, 16, 18, 19, 22 and 23 had the highest
GO and MGO content at initial. Sample 18, 22 and 23
contain sesame or tahini. Tahini and sesame are rich
sources of unsaturated fatty acids (Elleuch et al., 2011).
This fat content may be contributed to a-DCs due to lipid
peroxidation. Along with these findings, it is important
to know a-DCs formation under in vitro gastrointestinal
digestion conditions. MR products, lipid peroxidation
products, AGEs, and a-DCs have also been produced en-
dogenously under digestive system (Aljahdali and Car-
bonero, 2019).

GO and MGO amounts of the samples after in vitro
gastrointestinal system were displayed in Table 2. The
amount of GO and MGO in breads in vitro gastrointesti-
nal after digestion were ranged from 170.4 to 656.8
g/100g and 105.6 to 1220.9 ug/100 g, respectively. Our
results revealed that a-DCs were increased in bread under
in vitro digestive system. The increase of GO and MGO
following digestion in breads was shown in Fig. 3.
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Table 2. GO and MGO contents of samples at initial and in vitro digestion and increase rate.

Initial After Initial After Bioaccessibility %
sample number Sample type value Digestion value Digestion
GO GO MGO MGO GO MGO
(Kg/1009) (ug/1009) (Mg/1009) (Mg/100 g)
1 Mediterranean bread 71.8+42.52 221.3+7.8® 69.8+2.52 193.4+6.8° 309.6+11.0 278.3+9.9
2 Mediterranean bread, wholemeal 72.8+2.6% 192.446.8 101.7+3.62 200.3+7.1° 265.5+9.4 197.9+7.0
3 Bread, sourdough, wholewheat 72.8+2.62 211.3+7.4> 71.8+2.5% 194.4+6.8" 291.6+10.3 272.0+9.6
4 Bread, wholewheat 63.842.22 174.4+6.1P 62.842.22 129.6+4.6° 274.6+£9.7 207.247.3
5 Toast bread, light 59.842.12 176.4+6.2" 61.842.22 156.5+5.57 296.2+10.5 254.3+9.0
6 Village bread 64.8+2.32 206.3+7.3" 75.7+2.7@ 166.4+5.9° 319.8411.3 220.7+7.8
7 whole wheat bread, chia seeds 82.742.92 204.3+7.2> 458+1.6% 128.6+4.5" 248.0+8.8 281.6+10.0
8 Bread, rye and buckwheat 87.743.18 219.3+7.7° 51.8+1.8% 131.6+4.6° 251.0+8.9 254.9+9.0
9 Bread, germ 65.8+2.32 170.4+6.0° 86.7+3.12 181.4+6.4°> 260.249.2 210.1+7.4
10 Bread, walnut 54.841.92 200.3+7.1P 121.6+4.32 181.4+6.4° 367.0+13.0 149.845.3
11 Breadstick, sesame 71.842.52 490.4+17.3° 86.7+3.12 615.94+21.7° 686.2424.3 713.3+25.3
12 Breadstick, wholemeal 74.842.6% 567.1+20.0° 90.7+3.22 1220.9+43.0° 761.8427.0 1351.8+47.9
13 Breadstick, chocolate, butter, milk 90.7+3.22 656.8+23.1° 133.6+4.72 992.7+35.0° 727.2+25.8 746.4+26.4
14 Breadstick, oats and buckwheat ~ 65.8+2.32 302.0+10.6° 85.7+3.0° 190.446.7° 461.0+16.3 223.0+7.9
15 Golden bread, nut and dried grape 87.7+3.12 249.2+8.8° 72.8+2.68 105.6+3.7° 285.3+10.1 145.845.2
16 Hard biscuit, sunflower seed 109.6+3.92 518.3+18.3P 158.545.62 396.7+14.0° 474.7+16.8 251.4+8.9
17 Cracker stick, multigrain 70.842.52 345.8+12.2° 76.7+2.7¢ 299.0+10.5° 490.8+17.4 391.2+13.9
18 Cracker stick, multigrain 116.6+4.12 372.8+13.1P 220.3+7.82 382.7+13.5" 321.0+11.4 174.5+6.2
19 Turkish bagel, sesame 114.6+4.02 306.0+10.8" 194.4+6.88 202.3+7.12 268.1+9.5 104.5+3.7
20 Soft Turkish bagel 74.842.68 192.4+6.8" 153.5+5.42 209.3+7.4° 258.4+9.2 136.9+4.9
21 Pastry, cheese,dill 70.842.52 2252479 97.743.4% 209.3+7.4% 319.6+11.3 215.2+7.6
22 Muffin, sweet 180.4+6.42 328.9+11.6° 203.3+7.22 286.0+10.12 183.1+6.5 141.34+5.0
23 Muffin roll, tahini 123.6+4.42 231.248.1° 139.5+44.92 222.3+7.82 187.9+6.7 160.0+5.7

for GO and MGO show that there are statistical differences (ANOVA p <

Values are means * range, n = 3. The different letters in the same rows
0.05, Tukey’s test.)

1400

Hg/100 g

w—|nitial GO
s N vitro GO
Initial MGO

In Vitro MGO

S4 S5 S6 S7 S8 S9

S10

S11 S12 S13 S14 S15 S16 S17 S18 519 S20 S21 S22 S23

Sample number

Figure 3. Fat and initial and after in vitro GO and MGO contents of samples.

The formation of a-DCs in the gastrointestinal system
may differ depending on food composition or food pro-
cessing conditions (Papetti et al., 2014). As seen from
Table 2, bioaccessibility of GO and MGO in breads (sam-
ple 1-10) were increased range from 248 to 367 % and
149 to 281 % respectively. The increase rate of a-DCs

were higher in refined flour breads (sample 1 and sample)
whereas lower in whole grain breads (sample 7 and sam-
ple 8) which may be related to the antioxidant capacity of
whole grains. Whole grains such as buckwheat, rye, chia
seeds have high nutritional value due to their balanced
amino acid composition and high contents of vitamins
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and proteins. They are also rich in antioxidant com-
pounds due to their phenolic compounds (Jiang et al.,
2007). Since GO and MGO level increases with oxida-
tive stress, antioxidants may prevent GO and MGO for-
mation (Fu et al., 1994). Szawara-Nowak et al. (2014)
evaluated in vitro inhibitory effects of buckwheat en-
hanced wheatbread extracts on the formation of AGEs.
The extracts from buckwheat enhanced dark wheat
breads showed the highest inhibitory activity against
AGEs and the inhibitory effect was attributed to phenolic
compounds derived from buckwheat addition. Similarly,
Gawlik-Diziki et al. (2009) investigated the impact of in
vitro digestion on bioactive characteristics of wheat
bread with Tartary buckwheat flavones addition. Their
results showed that free radical scavenging activity of
Tartary buckwheat flavones decreases lipid peroxidation
during digestion. Mildner-Szkudlarz et al. (2017) have
also studied the effects of phenolic compounds including
catechin, quercetin, gallic, ferulic, and caffeic acids on
reducing formation of Ne-(carboxymethyl) lysine and
pyrazines formed by Maillard reactions in a model bread
system. They showed that phenolic compounds inhibit
AGEs formation, among phenolic compounds ferulic
acid was the strongest inhibitor effect up to 62 %. Ko-
cadagh et al. (2016) also observed the quantities of GO
and MGO were negatively correlated with total phenolic
compounds in biscuits following baking. In addition to
this, another remarkable finding is the effects of walnut
bread on a-DCs formation. The bioaccessibility of GO
increased 367 % while MGO 149 % in Sample 10. Gly-
oxal can contribute AGEs formation mostly through lipid
peroxidation whereas MGO can through fructose catabo-
lism (Singh et al., 2001). These results may be attributed
to fat content which walnut increased in breads. Due to
fat content in vitro GO formation was higher than MGO
in walnut bread. The bioaccessibility of GO and MGO
were higher in breads (sample 1-10) than breadsticks and
cracker sticks (sample 11-18). This result may be related
to fat content, moisture, sugar content, food processing,
and heat treatment conditions. Nutrient composition and
food processing conditions may also effect in vitro for-
mation of a-DCs (Papetti et al., 2014).

The amount of GO and MGO in breadsticks and
cracker sticks increased 285.3 to 761.5 % and 145.8 to
1351.8 % under in vitro conditions. As seen from Figure
3, The increase rate of GO and MGO were correlatively
with fat and saturated fat content. Among breadsticks,
sample 12 had the highest a-DCs content and fat content.
Since a-DCs can be formed through lipid peroxidation
this increase was highly reasonable. Different factors in-
fluence lipid peroxidation rate such as heat, light, reactive
oxygen species, metal ions and fat composition. Polyun-
saturated fatty acids have more tendency to lipid peroxi-
dation than saturated fats. (Barden et al., 2015). Also, ox-
idative degradation of lipids through gastrointestinal tract
increases due to the presence of high amount of oxidants
(Nieva-Echevarria et al., 2020). Apart from lipid peroxi-
dation, sugar autoxidation, low moisture may contribute
to a-DCs formation in breadsticks.

The increase rate in sample 15 may be formed by
sugar autoxidation due to dried grape content. Like
breads, in breadsticks with buckwheat had lower increase
rate, this may be related to antioxidant effects of buck-
wheat. Sample 13 had high level of GO and MGO. This
may be attributed to sugar autoxidation, caramelization,
and lipid peroxidation derived from the presence of choc-
olate, butter, and milk in the formulation. Lipid peroxi-
dation in low moisture foods is serious problem due to
their polyunsaturated fat content, however, this issue has
been poorly studied (Barden and Decker, 2016). Our re-
sults are important in terms of comparing in vitro a-DCs
formation in breads with low moisture breadsticks.

As seen in Table 2, the GO and MGO content had in-
creased in other bakery products (sample 19-23) 183.1 to
321 % and 104.5 to 215.2 % respectively. The increased
rate was similar to bread samples and lower than bread-
sticks and cracker sticks. The differences between sam-
ples may be attributed to moisture content, food pro-
cessing, heat treatment conditions, and food composition.
Among other bakery products, sample 21 had the highest
a-DCs values. Due to cheese content, the a-DCs formu-
lation might occur through glycose autoxidation (Nie et
al., 2020) . Sample 19 and sample 20 had high a-DCs,
and these samples were also had high sugar content.
Sugar autoxidation might increase in vitro GO and MGO
formulation in these samples. The increase in sample 22
and 23 may be attributed to tahini content by sugar auto
oxidation.

These results showed that bread, breadsticks, cracker
sticks, and other bakery products had high GO and MGO
content. The high AGEs exposure with ingestion of food
may cause AGEs accumulation in body. Excessive AGEs
in tissues may cause oxidative stress and inflammation,
which contribute to pathogenesis of chronic diseases
(Luevano-Contreras and Chapman-Novakofski, 2010).
Oxidative stress and inflammation cause the production
of angiotensin Il, which contribute the pathogenesis of
gastrointestinal disease, especially liver disease (Ahmad-
ian et al., 2016). Also, AGEs can play a direct role in the
risk of developing diabetes, cardiovascular diseases, cen-
tral nervous system disorders, and even cancer. Several
studies point out that the presence of AGEs in human tis-
sues may cause tumor growth via protein damage, aber-
rant cell signaling, increased stress responses, and de-
creased genetic fidelity. AGES receptors can cause cancer
by activating the interleukin mediated mitochondrial sig-
nal transducers and activators of transcription 3 (STAT3)
signaling in pancreatic carcinogenesis.

To limit AGEs exposure, it is important to reduce
AGEs formation in foods (Kang et al., 2012). Adding an-
tioxidants to foods is practical strategy used to reduce
AGEs formation. Antioxidants can inhibit or delay oxi-
dation by scavenging free radicals and preventing radical
chain reactions. In this context, adding antioxidants to
bread and bakery products can be used in new formula-
tions (Ede-Cintesun et al., 2022a,b).

The formation of a-DCs may occur due to fat content,
food processing techniques, heat treatment, and moisture
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level through lipid peroxidation, sugar autooxidation,
caramelization, and MR (Vistoli et al., 2013). Also, a-
DCs formation increases under in vitro digestion in
breads, breadsticks, cracker sticks and other bakery prod-
ucts. a-DCs increase in parallel with fat content espe-
cially in breadsticks and cracker sticks. This reveals the
importance of a-DCs formation through lipid peroxida-
tion. It may be considered that GO and MGO can be used
as an indicator to evaluate lipid peroxidation during in
vitro digestion. Different studies showed that a-DCs may
increase or decrease in vitro gastrointestinal system de-
pending upon food composition or food processing.
Since the results in the literature are not consistent, fur-
ther studies are needed. This study has unique value in
terms of indicating increase a-DCs in breads and bread-
like products under in vitro digestive system conditions.

V. CONCLUSIONS

In conclusion, breads, breadsticks, cracker sticks, and
other bakery products contain high levels of GO and
MGO due to fat and sugar content, low moisture, and
high baking temperatures. a-DCs can be easily formed by
MR, sugar autooxidation, and lipid peroxidation. Whole
grain breads and bakery products have less a-DCs con-
tents than refined samples. These differences may be at-
tributed to antioxidant compounds that whole grains con-
sist of. Also, GO and MGO levels increase under in vitro
gastrointestinal system conditions. Especially this in-
creases were high in samples with high fat content and
low moisture such as breadsticks and cracker sticks
through lipid peroxidation. Lipid peroxidation increases
under gastric digestion which may be associated with the
presence of pro-oxidants in the gastrointestinal tract due
to the factors such as low pH of gastric juice, and metallic
ions. Since this study have assumed that GO and MGO
in breads increase under in vitro conditions, further stud-
ies may focus on the pathways of a-DCs formation in
such foods.
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