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Optimization of the Processing Technology and Shelf-life Prediction of

Millet-chickpea Shortbread
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Abstract: Millet and chickpeas are rich in unsaturated fatty acids and dietary fiber. Replacing part of the wheat flour with millet and
chickpea flour in a specific ratio enhances the taste and nutritional value of shortbread. This study explores the effects of different replacement
ratios and amounts of millet-chickpea mixed flour, shortening, composite low sugar, and water on the sensory score, crispness, hardness, and
extension factor of the shortbread. An orthogonal experiment was used to optimize the sugar-free millet-chickpea shortbread processing
technology, and an accelerated oxidation test was employed to predict its shelf life. The results showed that when the replacement ratio of millet
and chickpea flour was 2:1, the replacement 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, a crispy texture, a sweet taste, and a balanced flavor of millet and chickpeas. The crispness was 124, the hardness was 522, the
extension factor was 4.39, and the sensory score of the shortbread 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 cookies and predicting their shelf life.
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Table 1 Sensory evaluation criteria fo r 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
K ADK. B RAEHILE BREITS  CHEMGR D#E  ERERT

1 11 8342.00°  115#4.51° 609421.38" 2.8620.02°
2 2:1 904153  12642.65° 546430.51°  2.2840.02°
3 31 8442.00°  11443.06® 49949.61°  2.3840.02°
4 1:2 794208  11143.06% 59042155 2.4140.03°
5 13 8142528  107#4.16" 647#6.17° 1.9640.02°

Z: B8P ARG AR B FEATERFEE (P<005), TR,

PR AR A i 2 ST (PR S, BN, R RN G RS R IRSKAE R A g
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IBRGR Y, 1% 2 PR, /NKSE SRS ELE 2:1 1, MRS BRIGEET, k. S
R, BEE IS 90 43 BRMEME 126, 6HFF 546, ZEFEMAT 2.28. /K5 IEME GRS LB 3:1 1, Bk
PR /N XRS5 TR T USRS » BB PE) - BRME M SRR E 73301 B4 6.67%- 9.52%. 8.61%; ZE KT Tt 4.38%,
PETN I BB PR, /K. EME SR A LI o 13 i, RS GO BT E & A AR A BRER i AR
SR AR ERIZ, BRERCEINR, WimfLRgnE . B, NS RURIRAR. ANKRURRSS, BETES . B
Wk B A J R T e b 301 IS0 7 T B% 3.57%. 6.14%. 4.29%, HEEETHEr 29.66%, Kk F TS, XAf

B T ARG R 1 SR 2T S BB (S TRERE K, SEG SRR, BFTSs R SoR, AR
K. W CIR ATV E T ZR 5% (P<0.05); MG ELBIXREBRE E PR BRI & T @ R 7
PIgZI L/ INK B3 (P<<0.05). /K. JTEME TR T &L 2:1 I RRER & S o e fe
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Table 3 The influence of the substitution amount of millet and ch ickpea mixed flour on the quality characteristics of peach

KE ARSI EREY B BB C BRI D AE ExERT
1 25 734 53° 10842 52% 549439.59° 3.7240.03°
2 30 7942.00° 11542.52% 510439.72% 3.86:40.02
3 35 8942 65° 1266.66° 487428.92% 4.2640.01°
4 40 8542.01° 1174401 437412.49° 5.0440.06°
5 45 73+2.52¢ 844,04 426426.50° 5.1740.10°
6 50 7543.00° 10043.79% 643+13.01° 3.6240.02°
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Table 4 The influence of the amount of butter added on the quality characteristics of peach pastry

KE ABRHRIEY% B A BT C BRiEtE D A& EZEAT
1 25 734 53° 10842.52% 549439.59° 3.7240.03°
2 30 7942.00° 11542 52 51039.72% 3.8620.02°
3 35 8942.65% 1266.66° 48742892 4.2640.01°
4 40 8542.01° 11744.01° 437412.49° 5.0420.06"
5 45 7342 52° 84:44.04° 426426.50" 5.1740.10°

BRI SFI SR ECERRIARNT, BTSN, SHPRBHTI RBEAKRNS, T T, 5
P (R BT, A AR, BRI, e 4 PR, UERVA IR AR A T A
) 35%Mhf, PRERELEEGRE, RS, RIMRLOENL . WIRIAREHIL), BvkFRE. DERBIEEE, RED
IEF] 89.00. ARSI KBRHHEE 4500, BEBRRIBIE R, RIMALUNGE, FERAE. il mehdez, &E
VRO TR 17.94%, BRAETE N R4 33.73%. AR FRE 12.52%. AERERT-THi 21.36%, UK FAAMK, Ml R, iR
WAL RN, BRER IR HRERS R 2% (P<005), TFMSSPIRsciH, XAk T KR M ie /o Aife
TERYRRANI A SR E R B, TR R SR, BHLIETRIAIMROK, 3 IR ARG AR 22 T

24 BAMEARMWEXANK JER TR & FUF 8
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Table 5 The Effect of Compound Low Sugar Addition on the Quality Characteristics of Xiaomi and Chickpea Peach Crispy

KF B A RBERmEI% BB BRI R EERT
1 0 564,58 9343,51¢ 464413 53° 4.1130.02°
2 10 7243.00° 10143.06° 48647 .55™ 4.3740.15°
3 20 7942.00° 1104252 544:424.00% 4.7540.02°
4 30 8341.00° 1084.00° 53249 45 4.48+40.16°
5 40 8842.08% 11442 522 516450.50° 4.094).08
6 50 8143.06" 1084252 65046.25® 3.1140.02°

X Bt P i/ INRAROR T 5 P ACHRE AR Ao AR LRI L YR P, EHOIgEm . AR
22 SRR A JEORL O T B A IRPESH L& . BE AR . 3R 5 R, U ARSI AT O iR
A TR R E I 400%0, BRRRIEE PP Bl 88 70 WANETEA 2 M 114, B#FE 516, WEREHT 4.09. M
SO T RRIRSORLT, (PR RIMALUERE . WHHLSAEIS), R, G, BRfitkstE, SH
R LERRIRARE LA I — 3. ARSI KE A0 25 50000, S-& BRI RE IALL T Ambhlisz, i
RMHFKPEIRES, 3T AL T 5P, BRI R PR PRI 7.95%. BRIGME IS 5.26%. B TH 5 25.97%.
JERIN T 23.96%, [URWEE. (milt. [, JETAMHOIER, BRERRINCRARTRANS, WA ROR e,
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Table 6 The Effect of Water Addition on the Quality Characteristics of Xiaomi and Chickpea Peach Crispy

IRF KA 2% BB BRI R ERT
1 7 7742.00° 10943.61° 54449.29" 4.7040.04%
2 10 8400 11342.00° 56346.11° 4.6340.03*
3 13 861.53% 11942 522 61249.54° 4.4340.03°
4 16 834252 11543.00° 644:11.14° 4.1540.07°
5 19 7842 52° 110=4.00° 68349.52° 4.0340.04°
K KA % BT BRI BRJE HERT

JERFFIIN € R IK, AT . 7747 HF TR S ARV A, 3 TR F ANl T P21 (0 b P AR
o W 6 fIvr, BEEKASINERIER, PERRE D 256 ETHE FRERES, KININE 13%IM A 215 = 1H 86
, BRIETEDY 119, DN 612, IEREIN T 4.43. BE T 25T FREIRR I RAUY ). ARG AR FAERT
o MEIMOKKIHESE 19%, R HARSFEL PAERRmEAIED, Rz, DR, EE S 78
- Manohar 25 S0 S H 19001 7K 3 BB A rl X T A (K AR 2R e A S OB, /Koy S B2 A T8
o BRAGPEREAR . B ARPOIE RS TR AR N 129007K,  FTAg ™= b Bamsd v, IRIERELT, SACHEFe4s FARIE.
SR, T R e AR R B T A RS T P K IR A g, SRS R 1 DR AR AR TR
MM AR BT A A ek o

26 ERRILERLM

B0 &

®7 EXREEARSKE %)
Table 7 Orthogonal experimental factors and levels (%)
KE - ADK EBEEIHBHRE BEEARE CALAMKERME DARKIMeE

1 25 30 30 11
2 30 35 40 13
3 35 40 50 15

*8 EXRWAHED
Table 8 Orthogonal experimental analysis of variance

K A B C D BEIRA

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
k1 74.00 75.00 80.00 76.67
k, 82.00 80.33 77.00 77.33
ks 81.67 82.33 80.67 83.67

MES 8.00 7.33 3.67 7.00

ERIRF A>B>D>C
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Fig.3 The effect of accelerated storage time at 35 ‘C on the peroxide value of peach pastry
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