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Abstract: Millet and chickpeas are rich in unsaturated fatty acids and dietary fiber. Replacing a certain proportion of
wheat flour with millet and chickpea flour in a specific ratio to make shortbread can enhance the product’s nutritional value
and enrich its flavor and taste. This study explores the effects of different substitution ratios and amounts of millet-chickpea
mixed flour, shortening, composite low sugar, and addition amount of water on the sensory score, crispness, hardness, and
extension factor of the shortbread. An orthogonal experiment was performed to optimize the preparation process of sugar-
free millet-chickpea shortbread, and an accelerated oxidation test was employed to predict its shelf life. The results showed
that when the substitution ratio of millet to chickpea flour was 2:1, the substitution amount was 35%, the shortening addition
was 35%, the composite low sugar addition was 30%, and the water addition was 15%, with the baking temperature set at
190 °C (top heat) and 140 “C (bottom heat) for 17 minutes, the shortbread had a golden color, crispy texture, sweet taste, and
a balanced flavor of millet and chickpeas. The crispness was 124, hardness was 522, extension factor was 4.39, and sensory
score reached 89 points. Based on the accelerated oxidation test at 35 ‘C and 45 “C , the predicted shelf life of the shortbread
at 25 ‘C was 67 days. This study provides a fundamental method for improving the quality characteristics of shortbread
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cookies and predicting their shelf life.
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Table 1 Sensory evaluation criteria for Xiaomi and chickpea peach pastry
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Table 2 The influence of the ratio of millet and chickpea mixed flour on the quality characteristics of peach pastry

KFE AR B ERATH LS B A EiFS  CBRMEH D A& E &R T
1 1:1 83+2.00°  115+4.51 609+21.38" 2.86+0.02°
2 2:1 90+ 153"  126%2.65° 546+30.51° 2.28+0.02°
3 3:1 84+2.00°  114+3.06° 499+9.61° 238+0.02°
4 12 79+2.08°  111£3.06 590+21.55" 2.41+0.03¢
5 13 81+2.52'  107+4.16° 647+16.17" 1.96+0.02°

E: =2 R AN EFERATERRE (P<0.05), TR.

&3 /MK, ERERSEMEREXMERRFUFFER T

Table 3 The influence of the substitution amount of millet and chickpea mixed flour on the quality characteristics of peach

KE ARSBHEKRE %  BREITFHS C BRAG D AL J E s & AT
1 25 73 +1.53° 108 +2.52% 549 +39.59° 3.72 +0.03°
2 30 79 +2.00° 115 £2.52" 510 £39.72° 3.86 = 0.02
3 35 89 +2.65° 126 + 6.66" 487 +28.92" 426 +0.01°
4 40 85+2.01° 117 £4.01° 437 +12.49° 5.04+0.06°
5 45 73 +2.52¢ 84 +4.04° 426 +26.50° 5.17+0.10°
6 50 75 +3.00° 100 +3.79" 643 +13.01° 3.62 +0.02°
O(T)=0(T" )*Qo""* (3) ke, BRIEAAL, AR, WS R, &

BN

0 (T") ——f& T35 T AT hmik ORI 13 2] 69 1R
i, d;

AT—— B ZHEBE(T) HEERREBRE (T) 6 £
4, C.

1.3.8 R HIIERE

YRR ARG R 2, B T 25 CAEIRIEIRAR
FERG 3 d BURE, WNE SRR 1B I kAT
BT, B e BRI .
1.4 ZFEHN

FFH 7 22597 07 X B AT S Wi
2 GREDH

2.1 /MK EEE T WA R A A Bk ER & R
VELE:NB-L

TR P 2 R ke M2 fiRE 5 3 TR TR N 1) B
B, ZAEMUN, RUIRE S ERBRNG TR BRI TR
JE ZRE SR AR P R K Sy, AR, T2
PR K SRR TS 10 I 4R T R 6, 4
JEDE TR, A T 48 T R 221, gk 2 B
TR UK b R IR L 2:1 1, Ak iR

168

B> 90 43 BRAGTE 126 FJE 546, 4 JE T 2.28.
2N K T DR VR A LR 301 B, BRI K
AR IG5 S O RS, R VRS BRAMETE &
B 23 0 R % 6.67%- 9.52%. 8.61% ; &I T- T+
T 4.38%, 77 E I B K. K. E
G R A LB LR o 123 I, T SR T E &
{100 5 1 O e g o R S A e SR R R R Z, Bk
FREL BN, Wi FLAR NS S, T M 7 XU R AT
ANK RIS, R PEAr BRMETE A R R IR i
JF R B 3:1 B4 B R % 3.57% 6.14%. 4.29%, il
FE T+ 57 29.66%, HRERS R Sk, X ATEEE BT
FLARTH 5 B 1 B i 1 4T 425 e o (5 45 T [ s g 448
K, SEG BRI EE . FRSRER, ANH
FEA/INK S T e VR T A DR ORI B VP o 22 e 2
(P<<0.05) 5 [ 745 7S I LU 451 5o Bk IR 26 B VF 0
TR fe 14 R 2 & IR s L /N oK 2 3% (P <<0.05).
AN TEME GO R L 2:1 I RRIR A R
22 K. B E R AT R AR E AR ER &
S M B 5 v

DL/ I GORY R 2 LA 2:1 AR & T M
REBo W N R FIERRER. W3R 3 iR, MIRA
A BARE /N T 20% BF,  THI 0 B3 v, MR 1 ak




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.9

fd, BRAEPEJIE TR ZE . MIRA T &R EF
A 30% B, BRIERBRAGEYE 121, BERE 546, A€ & A
T 457, HAMFFRE, @ELE. REHLGEE.
ANKL T G AR, BRAE T, &R
U, JRE D IEILF] 90 73. 4k IR E A R B AR
A 40%~50% I, BRBRRImARLON . L5 H R
1, B TF s 6.78%~17.90%, Tk Jife 1 & %E g A 1
I3 T % 3.33%~17.51% 15.10%~20.78%. X & H
Tt B /NK W IR TR BT 0 AR TH 9 A
T B AT SRR R AN IR 1 T (21 10 T 5 DX 4% 25440, THD
P B FRE 2 v R BT, RIG S R BN, R
AR TR TR A TR & A Rk IR o T 5 i 3
(P<<0.05), 30% /K. J& B S0k B A& 1T 2 f
AR HF /N2 T AR, R TR A R R R S
PR AN BeAh, K. EEE ST E SR
QAR S 7 BRER T PEPEPE, o R LR TS
HHRE AR I XU (1) 4R 56 TR

2.3 BRmAmEA /DK, B EAKER & R4
ER:oBA |

By SFI e s g i, BA 8, 5
PR AT S AN KRE SR, WY 7RG
ZEFP R I AT 2 32k T 1R T A, e 45 T A
K, BEHNERAA R SR 4 R, CUBERITR IR IR
T B KON TR A TR H & 10 35% I, BRI LR 4

SRR BRI A 2 2 45% i, BRERR AR K. &
WRLOmTE, DB, WE. WehEzE, Ky
o> NP5 17.94%, BRMGEYE R BE 33.73%- Bl 5 1 F%
12.52% JEfER T Th e 21.36%, HEE T, 1
B RIGSE R EIR, BRI I Bk & 5 R
BF (P<005), EMEPIRIRiEE, XafeRbT
K FIIH R 43 AT FE SR Ch AN T 77 2 1 R, FE Rk —
JEHEAES,  BELIETHT MR, 3 R T A P A 22 T

24 BAWRERmMEX/N K. EE TR R
SRR T B R

X Hi A A5 PR 7 s /N K AR B T Ak P A i
VERFHRF . ARERE B m . BER S —, g
B RBERE, 22 20 b B 45 JEUR R IE 1T A i) 82 6 (IR
HIEE . DL AR, Wk S R, ¥EE
R S I 23R T 1A RONTR A TRV FH 21 40% I, Ak
TR B VT 403 3 f i A 88 43+ TR G Ik ik 3] f KB
114, TR 516, SERE T 4.09. ML 254 FHkk
RREEF, BFEAE . RMALUERE . NHHALEN
I s), TR, BEES, BRMERE, S5 R
G P ERAE R A N E 8 ARS8 KRR AR hE
B 50% I, 2 AR IR 714 BT B R
WFE, T AR T K PR ES , & R A 2 s T R
Sz Wk BRIBE PR BRAK 7.95% . RMGE P A AIG 5.26%.
T 8 FF 1y 25.97% JE Ji& Rl B AR 23.96%, /B fi |

TEATE, REALOERE. NEPHLLEIN5), W
BRI & E, BB k3] 89.00, 4k

R =F

& 4 BRBARINEXBER BRI 2200

Table 4 The influence of the amount of butter added on the quality characteristics of peach pastry

KE A BRERAIE/ % B AEITH C BRfE D A& E & BT
1 25 73 +1.53° 108 +2.52% 549 +39.59° 3.72 +0.03°
2 30 79 +2.00° 115 +2.52" 510 +39.72% 3.86 +0.02
3 35 89 +2.65° 126 + 6.66" 487 +28.92% 426 +0.01°
4 40 85+2.01° 117 £4.01° 437 +12.49° 5.04 £ 0.06°
5 45 73 +2.52¢ 84 +4.04° 426 *26.50° 5.17+0.10°

Table 5 Effect of compound low sugar addition on the quality characteristics of Xiaomi and chickpea peach crispy

x5 EREERMEI/NK, EEEMRERRFRFFER M

KFE AAAEAERIE % BEITS BRAE R AT
1 0 56 + 4.58° 93 +3.51° 464 +13.53¢ 4.11 +0.02°
2 10 72 +3.00° 101 +3.06° 486 *7.55" 437+0.15
3 20 79 +2.00° 110 £2.52 544 +24.00" 475 +0.02°
4 30 83+ 1.00° 108 +4.00° 532+£9.45 448 +0.16°
5 40 88 +2.08" 114 +2.52° 516 +50.50¢ 4.09 +0.08"
6 50 81+3.06° 108 *2.52% 650 + 6.25° 3.11 £0.02°

ittt [N, & FEERCIE M, PR R (AR IR
ARRE, AL RHOR AR
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Table 6 Effect of water addition on the quality characteristics of Xiaomi and chickpea peach crispy

KR HKBHE Y% BB BRI 234 E AT
1 7 77 +2.00° 109 +3.61° 544 £9.29 470 +0.04°
2 10 84 +1.00° 113 £2.00° 563 £6.11° 4.63 +0.03"
3 13 86 + 1.53" 119 +2.52° 612 +9.54° 4.43+0.03
4 16 83 +2.52° 115 +3.00° 644 +11.14° 4.15+0.07°
5 19 78 +2.52° 110 +4.00° 683 +9.52 4.03 +0.04°
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2.6 ERKIERSA
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Table 7 Orthogonal experimental factors and levels (%)

hes Ak, B B &kl  C AAk#E DK

appRE  BE RE R
1 25 30 30 11
2 30 35 40 13
3 35 40 50 15

x 7T RIEZREH R SKF, HES IERLRRK
Wz A Ml i, sk o R T IR R R A2/
K WG B AARE >Rl INE > KR nE>S
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HIFIEE 89 47

%8 EXKBHEN

Table 8 Orthogonal experimental analysis of variance

K A B C D RERS

1 1 1 1 1 68.00
2 1 2 2 2 71.00
3 1 3 3 3 83.00
4 2 1 2 3 80.00
5 2 2 3 1 82.00
6 2 3 1 2 84.00
7 3 1 3 2 77.00
8 3 2 1 3 89.00
9 3 3 2 1 80.00
k, 74.00 75.00  80.00  76.67
ks 82.00 80.33  77.00  77.33
ks 81.67 8233 80.67  83.67

wmES  8.00 7.33 3.67 7.00

E';-k)rlﬁ/%» A>B>D>C
K A;B,C D,
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SR O R B TIEEERAN, HERE 75%. i
[ 35 "C J 45 “C &A% N o itk 25 d, 558% 5 d 3R .
WE 1R, 35 CHE 25 d Ja BkkK 2 & & %
3 3.49%, 45 CHEI 25 d JG /K& N2 3.44%,
YT P47 . 2% GB/T 20980-2007¢ 15 &8 1 )
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