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Table 1. Analysis of variance for the effect of a-amylase and microbial transglutaminase (MTG) on the

color factors (L*, a* and b*) of bread

Variable Mean square
sources
daf L* a* b* L* a* b* Total
(crust) (crust)  (crust) (crumb) (crumb) (crumb) acceptability

a-Amylase 2 5244  6.43" 7.56™  16.09""  0.22" 2.87" 0.103™
MTG 2 28287 8.68" 472" 28.34™ 0.11™ 0.196" 0.201"*
a-Amylase 4 29.92"™ 13.31™ 6.81" 249" 0.90™ 0.78™ 0.014"

X MTG

ns, *, ** and *** means non-significant, and significant at 5%, 1% and 0.1%, respectively.

Bl 2ls a5 5 30l b ks e gla STy s

b a5l 00E Gloyd SiSTy s i)l
AL e a5 e U gladd gas 53 DIWT ds s il 58l

Lo 503 (53,5 Olje 45 b* 4816 s 3JUT bl

w3l 03338 L O -f 5 Ve sla JS8) das e OLE

248

wﬂuu“\pus;u ol Sy 5sSb s

QYN G AV/Y 5D g 55 1 5586 ol Ol e el W
O i ol el 03ls 2155 (B/AY @ 478 5D 0L ke
o s A5 OB ke 5 mhan 3 (5308 ) Sl s &
L esiios bLI &8 (V=d 5 Ve b JS2) ail s



\eeo ;ﬁ_;JJ,é Y oy AV oyl

C)lﬂl L;l"lb Gw‘;f}lﬁ&u

—aiged 53 lds) Ol S e 5L 5T 055
ﬂﬂt.)u.; iz cpl a3 L plas [VO] A OU (sla
o s g oesls Rl 1 walis O Jlasl s b 5L
Sy o 00 A5 5 o 0hle (ST LAlS Cor g
Oloy dbos wile elye b cou 5ol JiS1s cous
e S RC ROR LA
O P RS W P P PR TNSCH P R PR R

DV AL e 2als STy & 5

L* (Crust)

0 0.1
a-Amylase (%)

a* (Crust)

0 0.1 0.2

a-amylase (%)

0 0.1
o-Amylase (%)

SOl wsad e 5 mlaw 53 5sSB pl Ol LI
(P<+/0 V) el 4Bl il (gols s oy gm0 (S 5
A5 0L e s w3 355 Sles S Il s 4 &S
55b% 586 Ol 055 e sdalie oS shailen (ol 0l
YA/AY 4 YAYE 5100 530 55 5 04/V 4 00/A 31 0L atw sy
S s a4 el W 51 B3 ol sl 5158
3559k S IS b esle (gland s sl o azulis
03,5 &S 2 3 0le STy 3 a3 pl 50 e o 2SS
by s S ar Gl bl Gl e

U NN RPN

b eyt i s (TY ) L 5 Slsa

Gb s 0L CudS s S L (”Jj 354590

a b

o [o]

0 0.1
o-Amylase (%)

0.2

10

a* (Crumb)
W

0 0.1 0.2
o-Amylase (%)

b* (Crumb)

0 0.1
o-Amylase (%)

Figure 1. The effect of a-amylase on L*, a* and b* values of crust and crumb of bread samples
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Figure 2. The effect of microbial transglutaminase (MTG) on the L*, a* and b* of bread crust and crumb
samples
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Figure 3. Interaction between a-amylase and microbial transglutaminase (MTGQG) on the color parameters of
bread crust and crumb samples
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Table 2. Comparison of the average of the control and optimal samples in terms of shelf life

Storage period Sample Moisture Water activity Hardness Total acceptability
(Days) (%) N (Score)
1 Control 35.41 +0.21¢ 0.95+0.018 31.52 +0.28P 7.62 +0.288
Optimized 38.14 +0.194 0.97 £0.014 28.15 +0.30F 8.18 £0.314
3 Control 33.75 +0.28P 0.91 +£0.01°€ 37.04 +0.258 6.55 +0.33€
Optimized 37.22 +0.30B 0.94 +0.028 33.52 +0.41F 7.38 £0.298
5 Control 31.41 £0.33F 0.84 +0.01E 45.01 £0.194 5.25+0.32P
Optimized 35.68 £0.29¢ 0.89 +0.02P 38.97 £0.32€ 6.64 +£0.26°

Similar letters in each column are not statistically significantly different at the P<0.05 level.
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Considering the important role of enzymes in improving the quality
characteristics of bread, their use in the formulation of bakery products is of
great importance. Therefore, the present study was conducted to investigate
the effect of microbial a-amylase and transglutaminase enzymes on the
sensory quality (overall acceptance) and color parameters (L*, a*, and b*) of
hamburger bread, and then to investigate some characteristics of the
optimized sample with the control sample during a 5-day storage period. The
findings revealed that o-amylase, through starch hydrolysis and the
production of simple sugars, intensified the Maillard reaction, resulting in a
significant decrease in lightness and a significant increase in redness and
yellowness in both the crust and crumb (p < 0.05). In contrast,
transglutaminase strengthened the gluten network by forming covalent bonds
between proteins and reduced the availability of free amino acids, thereby
limiting the Maillard reaction. This led to a significant increase in lightness
and a reduction in crust and crumb darkness (p < 0.05). Based on sensory
evaluation, the bread sample treated with 0.1% o-amylase and 0.15%
transglutaminase achieved the highest overall acceptance score of 8.2 and
was identified as the optimal formulation. The results of the evaluation and
comparison of the optimal sample with the control during storage showed
that the optimal sample (prepared from whole wheat flour without enzymes)
had higher moisture content, water activity, overall acceptability, and lower
firmness than the control sample. These findings indicated that simultaneous
and purposeful use of these two enzymes can significantly improve the
organoleptic and visual quality of bread produced from whole wheat flour.
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