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Effects of Chickpea Protein Powder on Dough and Steamed Bread Quality
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Abstract: The effects of chickpea protein powder incorporation in mass fractions of 0, 2, 4, 6, 8, and 10% on steamed
bread quality were examined. In particular, its effects on the farinograph index, water distribution, rheological properties, and
secondary structure content of the dough, and the steamed bread’s quality were investigated. When less than 4% chickpea
protein powder is added, the dough’s water absorption rate, formation time, stability time, and farinograph index increase,
while the degree of weakening decreases. Weakly bound water in the dough gradually separates into bound and free water
pools. Rheological results reveal that addition of <6% chickpea protein powder improves the elasticity and viscosity moduli
of the dough, but the dough’s structural strength is reduced when added powder exceeds 6%. Secondary structure analysis
shows that, with 2% chickpea protein powder, the S-sheet content peaks at 37.76%, effectively enabling formation of a
more stable gluten network, thereby enhancing dough quality. As the chickpea protein powder content gradually increases,
the steamed bread becomes darker, and its specific volume and width-to-height ratio decrease. Notably, the hardness,
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adhesiveness, and chewiness increase, while elasticity, cohesiveness, and resilience decline. At a chickpea protein powder

mass fraction of 2%, the steamed bread achieves its highest specific volume (2.52 mL/g) and optimal textural properties

(hardness: 3 182.46 g, chewiness: 2 493.15 g, and resilience: 0.46 mm). Gas retention in the dough increased, and the highest

sensory score (83.71) was achieved. In short, adding appropriate amounts of chickpea protein powder to steamed bread dough

can improve the bread quality. These findings provide references for the application of chickpea protein powder in pasta and

bakery products.
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Table 1 Sensory rating standard for steamed bread
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Table 2 Content of basic ingredients in powder mixes
Oome RAme E@RM Ram b OO maibme BB
0 1281 +0.01'  9.83+0.13°  037+0.01° 6838+2.17° 23.80+0.00° 26.93+1.10° 527 +25.46™
2 1240+£0.10°  11.33+0.11"  0.53£0.01°  65.49+195° 24.10+0.00° 28.70+028"  545.50+26.11°
4 11.91£0.04°  12.46*0.10° 0.60+0.12°  67.74+0.56° 2425+0.07° 2028+0.39°  524+11.31™
6 11.73£0.17°  13.76 £0.16°  0.71 £0.06"  64.68 0.86" 24.60 £0.00° 18.37=0.58"  486.50 * 12.02*
8 11.58 £0.08%  15.04%0.06°  0.79=0.04"  63.71+2.10° 24.80+0.14" 16.67 +0.68° 481 *16.97%
10 1150 £0.04°  1632+0.12"  0.83+0.08"  63.65+1.71" 2525+021° 15.89+0.00° 451 +2.83¢

E: AP ERNBFERTHRAFEATARELR (P>005); RAFHEATAEAREMELF (P<0.05).
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Table 3 Basic physical and chemical indicators of raw materials

CPIL iFH4m&/% IR 1% AR/ % B 1% B % R W 1%
A< 12.98 £0.13 9.83+0.13 0.37 £0.01 68.38 £2.17 0.72 +0.09
CPI 5.08 = 1.66 81.46+0.12 3.23£0.01 0.16 = 0.01 2.54+0.01
% 4 CPIXR&##1 B4FE R 2200
Table 4 Effect of CPI on the powder properties of blended powders
CPIRES#/%  FAKE/% A ARA A /min - AZZ B /min 3540E/FE HR4E40/mm
0 62.05+0.21° 5.12 +0.08" 7.29 £0.09° 90.50 * 3.54° 91 +2.83°
2 62.70 £ 0.14° 5.18+0.11° 825+0.01°  68.50*3.54*  106.50 = 4.95"
4 63.50 +0.14° 5.33+0.23" 8.93 0.60° 59 +7.07 116.50 + 6.36°
6 64.30£0.00°  4.96+0.62" 8.41+0.05  62.50%0.71% 109 + 4.24%
8 6540*0.14°  4.75+0.57" 7.38+0.11° 61.50 £ 0.71¢ 103 +4.24°
10 67.15+0.07" 4.12+0.03 5.94 +0.54° 72.50+0.71° 9150 £0.71°
E: AP ERNBFEATHRAFEATAREZR (P>0.05); FRAFERTAARFMREZF (P<0.05), FTAFR.
% 5 CPIXEHK 45> B2
Table 5 Effect of CPI on the moisture distribution of doughs
CPI R = 54/% t,,/ms t,,/ms t,;/ms Ay /% Ayl% A%
0 0.55+£0.09"  39.75+221" 309.55+93.40° 12.04+031° 87.74+031°  0.22+0.00°
2 0.57£0.05"  37.18£3.63" 196.93+24.34° 13.48+0.03"°  86.14 +0.06" 0.38 £ 0.03°
4 0.59%0.12"  38.07+0.13"  248.07+44"  1427+046" 8528+045"  0.45+0.02°
6 0.71 026"  3493+028™ 210.13+9.69° 15 +0.90° 84.44+0.86°  0.56%0.05°
8 0.52 = 0.04" 3328+ 1.61° 212.96+43.99" 13.15+0.28°  86.22+029"  0.62+0.06"
10 0.49+0.06°  32.38+0.07 21483+154" 13.41+0.79°  8593+0.80°  0.66*0.03"
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Fig.3 Effect of CPI on specific volume and aspect ratio of

steamed bread
2,62 CPLRAngafig k% & FFfRE SRRt
H 7 FE 4 7750, BEE CPI s I & 1 5 i,

WS Lx AE A A EEAE (WD 5K, a* {5 b* {H I
Fto EERFN CPIAGHIA R IR E A, HFit
P8 Sk FE AR T . B CPL S In & i3,
Bk AR, 1Bk fLINAR R, KILAMAYE A
18k KB 5 WNMAGI G, Bk RzE, K
Fh, ERRAR, m AATR AR, S E R
K, SFEELNEEWS N, 4E0 2% CPILRY,
TSkt E A, 1SR E VP EN 83.71.

4 N[ CPI R INERIE K M ERLEH
Fig.4 Internal structure of steamed bread with different
CPI additions
E: B a~f 98 A CPLAATE 0% 2%, 4%. 6% 8%.
10% 4235 P 3R 25 A Bl B

% 6 CPIXEH — & 4&HMI#2m
Table 6 Effect of CPI on dough secondary structure

B- & 1% FHLW] - /% a- YBA% % B- 518 1%

CPI R E54/% 1 : : :
1600~1 640 cm™ 1640~1 650 cm™ 1 650~1 660 cm™ 1 660~1 700 cm’

CPI 40.63 £0.01° 18.76 £0.14° 17.66 £ 0.34° 22.95 £0.49°

0 35.20 £0.05° 21.49£0.17° 14.57 £0.14™ 28.74 £ 0.08"™

2 37.76 £0.26" 21.11 £0.09° 12.87 £0.12¢ 28.26 +0.24"

4 35.29 £0.00° 21.34+041° 13.98 +1.15% 29.39 +0.75%

6 34.27 £0.05" 20.18 £ 0.05° 15.67 £0.32° 29.88 £(.22°

8 35.76 £ 0.18° 20.38 £0.23° 15.10 £ 0.09™ 28.01 £0.73¢

10 36.70 £0.17° 21.87£0.12° 14.84 £0.12™ 26.58 £0.18°

&7 CPIX{8BFMAE mBRAIRM
Table 7 Effect of CPI on the color and sensory quality of steamed bread

CPL R &5 %/% L* a* b* Wi BB
0 86.41£0.31°  0.01£0.00" 19.16+0.22" 76.51+0.08" 81.57+1.27"
2 8533+0.19° 0.43+0.02° 19.87+0.03° 7530+0.11° 83.71 +3.59°
4 84.08 £0.48° 0.85+0.04° 20.81+0.12° 73.79+0.33° 81.14 +4.53"
6 82.48+0.54° 134%0.03° 2247+0.08° 71.48+0.30° 75.86+4.18
8 80.08 £0.11° 1.76+0.03" 22.86+0.15° 69.63+0.10° 66+ 5.54°
10 79.08+0.25°  221+0.02° 23.66+0.06° 68.34+0.19" 63.71 +3.95°
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% 8 CPIxELFRMmzm
Table 8 Effect of CPI on the texture of steamed bread

CPL T & 5 3/% B /g e AP0 iR vEL P /g ) £ M /mm
0 35571249458 0.94+0.01°  0.81%0.00° 2869.13+71.79° 269520+65.39  0.44 +0.00°
2 318246 £155.53°  0.95+0.02°  0.82+0.00° 2617.42+12559" 2493.15+109.75°  0.46 = 0.00°
4 4013.57£53.66°  0.95+0.00°  0.80+0.00° 3220.71+38.02° 3056.03*36.88"™  0.43%0.00"
6 4361.60 £157.03°  0.94+0.02°  0.80+0.00° 3494.62+109.03" 3302.17+159.06™  0.43 +0.00°
8 446049 =117.41°  0.93+0.01°  0.81+0.01° 3599.02+65.73"  3343.22+37.47°  0.43+0.01"
10 414948 £227.78°  1.08+0.30°  0.83+0.01° 3450.52+145.44" 3748.85+1164.79" 0.45+0.01°

2.6.3 CPURAnZ A4 K A6 %0h

PRSI A P BRI R B M S R R OE
A, TR L R A IR g A ) R B AR 5T
FHZ 8 HI 21, WSIN CPI W8k ym | Jie o5 14 AIIE ngg
PERIUAHF A4, B CPL ¥ 0 i 38 I 2 3056
TN JE BN S . RN 2% CPI 18 Sk 5 %t HEZH A1
Eb, B | 5 P L B AT, 28 IO H A iy e v
RMHMEEM. XATREL CPLIIMA, STH &
HRA TAHEAER, TR T 58 s e i i 2 1 M
g e, IX 55 TH A9 AR 2R TR g R e R
=8 M CPLRINE KT 2% I, RIHE =
i P55 RV 25 M ) LR P o X TT RE 2 CPL IS I 7E 2%
CA B, R 7 T A e T A A 1, BELAS T A ) 4%
BT R, A4 T AN e AR 4 A PR 5 i B I 7R = A 11
TR SRR, SEOE R ERN, BT
P P s FEE R, S50 108 Sk A T MEL P P 348 o, 52 6 T
SRR, UIMERIG, SRR N,

3 #ip

CPI 338 ot T [ B 4% Sk sz e (638 . B I
SR EIR, CPLIRINE/NT 4% B, T8 i [A) A A
SERS AR, 5540 BEJkN,  RIVTH] 00 PN 78 B
AWM FRE, CPLINIMEN 6% I G' fl G" ik
Bl KAE, B I AR A R R . CPL RN
BN 2% I, T AR R R DU B- B A 4
FIRIE R B- Fr 22540, MHHE R ER ek R. B
I, CPIRINE/NT 4% B, I 1 e i (o B
I R R e, IIE KT 4% 1, Hl55 T
THI 9 2 A 4 2, RIS 1 T [T ) 5

St LA L, RN 2% (1) CPI 18 Sk L Lk 25 &%
KN 2.52 mL/g, HHREEHAKA 3 182.46 g, [H15F i
BN 0.46 mm, TH B FERMERLE, WEA AL A,
RIHEF IR, ARG, e RmN

180

83.71, LT &Y. & CPLINNE 2, 18
S PR AR, REREIE R, BEREAR, 18 BiF AR,
W ERSE RIS, R E, RED M. KA HEE

SR, TN 2% CPI e Ni& e, BRI 18 Sk 1 i
JiIE B e .
B AR
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