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Optimization of Sophora japonica L. rice cake process and establishment of
shelf life model

WEI Mei-Qing, HUANG Gui-Ling, YUAN Fang, YU Sen-Yan,
LU Zhen-Lan, WANG Zhi-Cun"

(College of Agriculture and Biology, Guangxi Minzu Normal University, Chongzuo 532200, China)

ABSTRACT: Objective To develop a Sophora japonica L. rice cake product using Guangxi-specific Sophora
japonica L. as the raw material, optimize its production process, extend its shelf life and establish a corresponding
shelf life prediction model. Methods Single-factor experiments combined with response surface methodology were
employed to determine the optimal formulation. Subsequently, 2.5 g/kg calcium propionate was added as a
preservative, and the products were vacuum-packaged and stored at 20 °C and 6 °C, respectively. Periodic
measurements were conducted for indicators including pH, sensory score, acid value, moisture content and total
viable count. A shelf life model was constructed based on zero-order reaction kinetics and the Arrhenius equation,
and comprehensive quality evaluation was performed using the fuzzy weight method. Results The optimal
formulation for Sophora japonica L. rice cake was determined as follows: Rice-to-flour ratio of 2.5:1 (m:m), Sophora
japonica L. addition of 1.50%, sugar content of 15.0%, yeast dosage of 0.75% and fermentation time of 50 min.
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Under storage conditions of 20 °C and 6 °C, the prediction errors of the shelf life model were both below 10% except

for the acid value, indicating high accuracy of the model. Conclusion

This study successfully optimize the

production process of Sophora japonica L. rice cake and establish a reliable shelf life prediction model, providing a

theoretical basis for its practical production and storage.
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Table 1 Test factors and level of response surface optimization of
Sophora japonica L. rice cake

K A KKK B MAERINE/% C: EABEASINE/ %

-1 2:1 0.75 12.5
0 2.5:1 1.50 15.0
3:1 2.25 17.5
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Table 2 Sensory evaluation criteria of Sophora japonica L. rice cake
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Table 4 Analysis of variance for the regression model
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Table 5 Effects of ratio of rice to flour, the addition amount of Sophora japonica L.and white sugar on the texture and sensory
quality of the product
ERrE TEe W 1N f#E 2/N M ZYE/Ratio ik /mm FhPEN N A% /m) EIE /Y
1 17.263+6.502% 15.030+5.449* 0.417+0.049% 3.670+0.185% 7.150+£2.923% 25.92749.238" 90.4
2 19.013+2.330" 16.413+1.523% 0.467+0.025" 4.347+0.355° 7.883+2.553" 34.507+12.030" 91.1
3 18.090+4.646° 15.953+£3.943"  0.407+0.061™  3.920+0.552®  7.437+2.770° 29.573+13.094* 84.4
4 15.990+6.351* 13.867+5.090°  0.417+0.015™  3.753+0.288™  6.607+2.436" 25.227+10.707* 85.8
5 16.093+7.587° 13.680+6.247" 0.427£0.055"  4.167+0.497™ 6.697+2.980° 28.600+15.592° 90.8
6 16.677+11.623* 14.263+9.636°  0.410+£0.063"  3.387+1.017° 6.510+4.328" 19.137+7.146" 83.8
7 19.71343.161° 17.16342.364*  0.410+£0.056™  4.043+0.410™  8.113+1.861° 33.047+9.391° 90.6
8 18.387+5.428" 15.940+4.284% 0.387+0.045"  4.003+0.337"  7.167+2.431° 29.230+12.132% 86.3
9 15.450+7.126° 13.380+5.987"  0.433+0.050  4.130+0.151™  6.530+2.809" 27.017+12.061* 85.4
10 18.887+6.313" 16.180+£5.221*  0.407+0.042%  3.823+0.127"  7.577+2.462° 28.837+8.963" 90.3
11 18.187+4.811° 16.190+£3.300°  0.417+0.032"  4.117+0.455®  7.563£1.959" 31.733+11.569° 87.0
12 16.803+5.202% 15.1174+4.042° 0.390+0.040"  3.980+0.822  7.483+1.460° 30.440+11.640° 86.6
13 16.963+3.400" 15.153+2.273*  0.420£0.061*°  4.307+0.843" 7.090+1.792° 31.490+14.208° 85.9
14 17.590+3.865" 15.12743.246" 0.400+£0.036™  4.070+0.060" 6.887+1.768" 28.080+7.566" 80.0
15 13.043+5.989° 11.78045.565"  0.457+0.015™  3.723+0.405™  6.003+2.874° 22.960+12.073* 80.4
16 17.700+6.295° 15.780+5.063"  0.433+0.021™  3.890+0.486™  7.663+2.713" 29.223+8.679° 83.3
17 16.850+5.655% 14.840+4.699"  0.407+0.015™  3.700+0.151™  6.880+2.323" 25.663+9.285° 86.2
TE: AR/NG PRI AT B2 R, P<0.05,
e —_ =
o TR 28 MEKERREEEREL

" i I AAVTT, (6 “CIY, BEKBERKEr RS F Fts
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Fig.3 Radar chart of Sophora japonica L. rice cake sensory score
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Table 6 Physical, chemical and microbiological indicators of Sophora japonica L. rice cake

5 F5 R 5 AR A 5 (i BERAE
pH GB 5009.237—2016 7.71£0.035 —
K431t /(g/100 g) GB 5009.3—2016 37.725+1.720 —
B /(mg/g) GB 5009.229—2016 0.28+0.001 <5

P 7% B 8U(CFU/mL) GB 4789.2—2022 <5.0x10° <1x10°

TE: —RR EFARMEXHZIEAR RAERUE o W25 °C) T, pH=7 Ny P ILVE W pH<7 N RTEVR, BUELB/NRRYL MR, pH>7 AR, X

{EDBOR B B
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MEE 3 d TR, 6 °CHY pH iZ#T NI, 20 °CHY pH Sl T F#
(P<0.05), FEMLALKAE pH S N FEn £ 27 RUEUE Y
AR AR 207 2 R S JEOREAS B ) ph 1] 4(D) ml i,
S 6~9 d, 20 °CIAF B IARAEARAERR MV 57, 1 6 °C
WAL IR M T = 2, 2k $ S pH[El 4(C)1—3L, WIhRE
ETERIRIAEE T, o Y005 vk A0 AR i SR Ak S N R 7 1 i
FAWHIPY . 4(E) Rl 1, 20 °CHI 6 °CHi Y T ¥4 M BUEEE
3 d B EIEZ(P<0.05) . £ 20 °CIVAERT, ARAEARKE 7R BB
SN, 755 3 d, WVEMEUEINT 3.0629 CFU/mL, 7£55
9 d VA BRI, TOHTEL 6 CCINAY BT MEUE NSNS,
3d{UENT 0.5518 CFU/mL. PibA iR EST FRUEM A&
HARHER, 20 cCHIE A4 MR S5, AREN
YRR RIVE R, (B B A S R Y s

BRI

2.9 BRTEARAERI R B ERRBIANE L
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279 K)W A7 544 T AT A ET 143 . K43 & . pH. BRI
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Fig.4 Quality index changes of Sophora japonica L. rice cake at different storage temperatures
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Table 7 Dynamic model parameters of quality variation of Sophora japonica L. rice cake at different storage temperatures
=3 —%%
Eistan TR /K . . — ‘
[0 U1 BWRFH HHARK YR EYEpp: WERFH HHARK YR

. 279 =0.2743X+90.757  —0.2743  0.9941 Y=90.768e %% _0.0030  0.9948

B4 1.9026 1.8284
293 Y=-5.5567X+95.73  —5.5567  0.9085 Y=100.71%*  _0.0890  0.8336
279 Y=0.9092X+38.879 0.9092 0.7780 Y=38.836e 927  (.0207 0.7709

KA /(g/100 g) 1.5986 1.5907
293 Y=1.466X+36.584 1.4660 0.8206 Y=36.746e%41%  0.0341 0.8198
279 Y=—0.0193X+7.6833  —0.0193  0.9638 Y=7.6838¢"9%%  _0.0030  0.9657

pH 1.9530 1.9648

293 Y=-0.3527X+7.577  -0.3527  0.9892 Y=7.6659e %% _0.0590  0.9991
279 Y=0.0211X+0.3271 0.0211 0.9328 Y=0.3286€"%"8  0.0478 0.8796

R /(mg/g) 1.8609 1.8426
293 Y=0.1758%+0.195 0.1758 0.9281 Y=0.3152&"2%%  0.2044 0.9630
e 279 Y=0.1792X%+3.6204  0.1792  0.9814 Y=3.6955¢"""%  0.0370  0.9699

I 7% S 80/(1g CFU/mL) 1.8318 1.7444
293 Y=0.5913X+4.0317 0.5913 0.8504 Y=3.9447&"114%  0.1143 0.7745

FTAUGRE LG, B pH Fb, TGN 7 FEIH R AL
YR B Ty AR I R R . B T RRAE R RE Y

X B AL ZE PV RIF 5T 225 SR AR A0
292 VMLFER AR SR AR & S

PRI 3 b W TR A2 N 8l F 2205 fE, X

MEF NI S Arrhenius FHELE G, IKGEHE S
Ak AN [ U 20 Hh I A B L JBT A B b 24 B e e ]
B, DT X 77 i B SR B HE AT SR TR, A R
g3 K& pH L BN 5 TE VR S BRI A IR AR Y
Bl Sy AR, AR N H R k 454 Arrhenius 7 EEIFAT
HH, 3 5 B RHE AR EOR R K FIRE T2
(B 380G 3R 04 5 R A2 A I IR B O 4%, T 4% Ink A 1/T
Z RIS R, BARWR 8 Fn, @it gtEmH e, ]
PIS AR RRR EE A T AR KRR IR B IEA) L KAr& L pH.,
R e BRIV BRI TN 1 ko ST FERE Ba, 1RA1.3.5 93K(4)
i, BIAEARAY ST weien . SL ket SLyi+ SL sl SL sseo

293 MIEARR RAARA IHE 5 7

k9 PR, BEEWAFRE I, 5 AN abRiiiE
KEE TR AR AW A B, DA AR PR AR X R 25 HE T pH<IA
7% SE<BE ORI S RE<R . b, BETE . K
FriE . pH. BV SEL 4 D EPR B KRS BT 2R 55 4 (1 SE B
155 HE R RZB/NF 10%, (K FEEAR TR Y
15%, X R ML HER) BB
2.9.4  MALAKALY A AL AHE R

A S50 X9 P VB BRI R 1, e
72 A B I A T AR AR Y 25 R ONA Rk, E AR R
BLEATEI I EER B A TU=SL si5x0.20 + SL xsan
x0.20 + SL,z*0.20 + SL s *0.20 + SL % 1%<0.20, 2
As. Aw., Ap. Av. At ZFHIFRECEPEGY . KA
pH. BHr. TRV SEL 5 A6 bRas BI04 s il e 15 3K
7E a5 B AR LA B 8 0 IR S s O, B e T L
N — AR IR R

®8 MILKBREFRINEIRE T & RIEFEE R MR R EXFR

Table 8 Corresponding relationship of quality indicators and temperature reaction rates of Sophora japonica L. rice cake under different

storage temperatures

TR /K 1000/T k Ink EVEpp
. 279 3.584 0.2743 -1.2935
BE RS Y=61.6709-17.5671X
293 3.413 5.5567 1.7150
279 3.584 0.9092 ~0.0952
Ko Y=9.9030-2.7895X
293 3.413 1.4660 0.3825
279 3.584 0.0193 -3.9477
pH Y=56.8606—16.9655X
293 3.413 0.3527 -1.0421
. 279 3.584 0.0294 ~3.5268
[izdi]y Y=33.9009-10.4423X
293 3.413 0.1758 ~1.7384
e 279 3.584 0.1792 ~1.7193
TR V& Y=23.2657-6.9708X
293 3.413 0.5913 —0.5254
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(_ : ]+61.6709 [— : ]+9.903o
exp exp
020+ — gt <020+ — e«
(—7']+56.8606 [—7'}33.9009
exp exp
020+ 6‘937'(6)08'“‘ %020
(_ : ]+23.2657
| exp

RO IR ERARTHERTUMNE R
Table 9 Preast results of shelf life of Sophora japonica
L. rice cake

TR KR R
A : ‘ HASI22/%
WO e mwtva sowppe | TIPE
B 279 14.54 15
. 5315
293 9.68 9
279 13.94 15
. 7.035
293 8.37 9
279 15.26 15
» 1.085
293 9.04 9
- 279 11.45 15
i 14.55
293 9.49 9
279 14.33 15
. 2.735
293 6.06 :
3 & ®

3 LA R e o TR AR, A5 B R R R 1 S A D
O FOKMERY N 2.5:1, BRAE 1.5%. FIHE 15%. M6k
0.75% B % 0.25% . & TEHT ] 50 min; AHXTIE 56 2 20 °C,
FEWAETLEE 6 °Crh, MRALKKENERE Sh T . pH . BRI Sk 53
T AR R T, AT SBOR B E R, SR
BRI AR A AR 52 R I 7 FRAE A o S AR KRR A7t
eI, FIFHER Y 2S4S Arrhenius J7 A% 54 EASOH)
TR ST MRAE KR 1 B S 75 TN ASE R0 K L A T 25545 DA
BN SEER B 3 Tl IR IR 45 B, ST AY 5 A
AEKALGRLRIARIIN A ST wiivs . SL kot SLyu A SL wiss
JEBLH R A R B SRR AR R ZE R T 10%, Hobh s
BTER BIINACER A =SL wir%0.20 + SL jei216%0.20 +
SL,ix0.20 + SL 5 x0.20 + SL as60.20 Ui BB BERS A
R T AEAAELE 6 °C15 20 °CHYTEHLIIIABR . 25 1 Frid,
TR 1% Arrhenius KR HE T ZHhR G144 100
R, HARIEEIRE 6 °CHIl 20 °CF /R H BT TR
SIRAEARRE AR AL 7 5 DR A TR A4 T H Rk . )

S AT LIRS R R X AR AL TR BR (45
SE B

[1] GONG YH, FAN LP, WANG L, et al. Flos sophorae Immaturus:
Phytochemistry, bioactivities, and its potential applications [J]. Food
Reviews International, 2023, 39(6): 3185-3203.

[2] SHI P, LIAO JJ, DUAN T, et al. Chemical composition and
pharmacological properties of Flos sophorae immaturus, Flos sophorae
and Fructus sophorae: A review [J]. Journal of Future Foods, 2023, 3(4):
330-339.

(3] JEimmAE, Xk, XU, &5 25 R IRMAESR I T 2R R o th A

T e R BRI D]. HERER A, 2025, 50(10): 70-79.
GU LY, LIU J, LIU M, et al. Optimization of the extraction process of
Sophora japonica L. with medicinal and edible properties and its impact
on the quality of Chinese sausage food [J]. China Condiments, 2020,
50(10): 70-79.

[4] Ari=<, REIGAT, EWOR, 5. LG IR RARA: ™ T2 RHH S
RAED]. MR S AL, 2009, 16(5): 4-6.

BAI Y, XIONG SB, WANG HH, et al. Innovation and modernization of
the production process of traditional fermented food rice cake [J]. Grain
and Food Industry, 2009, 16(5): 4-6.

[5] gk, T, TR, 45 GAORREUHR BT[], BT
L RH, 2024, 45(3): 171-178.

LI ZX, XV XY, ZHANG XZ, et al. Development and quality analysis of
green tea rice cake [J]. Science and Technology of Food Industry, 2024,
45(3): 171-178.

[6] BAZR, AU, MR, 4. FREMELTREA™ L BUR B ). a1
Ak, 2018, 39(8): 247-251.

ZHAO Q, LI QQ, CHU JY, et al. Current situation and problems of
traditional pastry industry in China [J]. Food Industry, 2018, 39(8):
247-251.

[7] LOPRIORE M, MANZOCCO L, CALLIGARIS S, et al. Comparison of
classical kinetic and Bayesian approaches for predicting food shelf life by
accelerated testing: The case of biobased coffee capsules [J]. Journal of
Food Engineering, 2026, 403: 112733.

[8] CUI FC, ZHENG SW, WANG DF, et al. Recent advances in shelf life
prediction models for monitoring food quality [J]. Comprehensive
Reviews in Food Science and Food Safety, 2023, 22(2): 1257-1284.

[91 MAIMUNAH AM, NORHASHILA H, SAMSUZANA AA, et al. Shelf
life prediction and kinetics of quality changes in pineapple (Ananas
comosus) varieties at different storage temperatures [J]. Horticulturae,
2022, 8(11): 992.

[10] ZHAO SS, HAN XY, LIU B, et al. Shelf-life prediction model of
fresh-cut potato at different storage temperatures [J]. Journal of Food
Engineering, 2022, 317: 110867.

[11] 207, Wish, 25, 6 RAE M T4 BT K b 4R Tt A5 21
RYEESL[D). BN, 2022, 47(9): 144-150.

LI XX, YANG PJ, LUO H. Analysis of storage quality and establishment
of shelf life prediction model for russian steamed rice cake [J]. Food
Science and Technology, 2022, 47(9): 144-150.

[12] FR3CHE, PEHE, SR, 45 AN FRi L it i R

G At T R SR BTN (7], X Rk, 2024, 45(16): 232-243.



166

B 2 4 R I 2 4l

FH1TE

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

XV WT, FU JR, MA SX, et al. Prediction of storage quality and shelf life
of macadamia nuts kernels with different packaging and storage
temperatures [J]. Food Science, 2024, 45(16): 232-243.

XING WM, LIU WL, LI HM, et al. Development of predictive models for
shelf-life of sweet cherry under different storage temperatures [J]. LWT,
2025,217: 117442.

YI CP, ZHANG SJ, QIANG NN, et al. Modeling the rehydration kinetics
of dried rice noodles based on Peleg and Arrhenius equations and qualities
maintenance [J]. LWT, 2025, 223: 117783.

LIU J, ZHENG SS, TIAN Y, et al. Effects of Trametes versicolor
fermented Rosa roxburghii Tratt and Coix seed complex on the
physicochemical properties, microstructure, and shelf-life prediction of
yogurt [J]. LWT, 2025, 229: 118190.

GAO C, LI Y, PAN QF, et al. Analysis of the key aroma volatile
compounds in rice bran during storage and processing via HS-SPME
GC/MS [J]. Journal of Cereal Science, 2021(prepublish): 103178.

HE L, CHEN YH, ZHANG HT, et al. Isolation and identification of
Lactobacillus and yeast species and their effect on the quality of fermented
rice cakes [J]. Innovative Food Science & Emerging Technologies, 2022,
77:102984.

P, BROH:, EFm, 55 BERRE BRI B AR T 5L (]
R AR, 2025, 40(4): 160-169.

LI QY, CHEN ZG, WANG DL, et al. Research on quality improvement
and storage characteristics of instant rice cake [J]. Journal of Cereals, Oils
and Foodstuffs, 2025, 40(4): 160—169.

Xbet, FhES, Hm. RIEERRERIECr LA Bt B A 0], MEn T,
2023, 48(4): 46-51, 108.

LIU XY, SUN H, XIA N. Formula optimization and quality analysis of
fermented rice cake [J]. Grain Processing, 2023, 48(4): 46-51, 108.
TRy, FRIET, KT, SF RERREPIER K BRI E Sk T
MIRMI]. AR, 2025, 40(4): 60-68.

SU PP, QIAO JY, ZHANG Y, et al. The influence of starch hydration
capacity changes during dough fermentation on the quality of steamed
buns [J]. Journal of Light Industry, 2025, 40(4): 60-68.

EFHE, IO, R, AF A AEIMACHRRICS (AL ST L RE
BIRRA ). 5 TR, 2020, 41(14): 140-147.

LU DY, MA ZM, ZHANG HY, et al. Formula optimization and
antioxidant capacity evaluation of compound Goji berry cake [J]. Science
and Technology of Food Industry, 2020, 41(14): 140-147.

RAGE, Wiy, EEE, L ORTIRE UL RO RER AW R
[J/OL]. £k TolkBHE, 1-19. [2026-02-06]. DOI: 10.13386/j.issn1002-
0306.202506356

WU YX, ZHONG MF, WANG QH, et al. Research progress on aging and
improvement techniques of rice-based pastries [J/OL]. Science and
Technology of Food Industry, 1-19. [2026-02-06]. DOI: 10.13386/
j.issn1002-0306.202506356

TRARSS, TR, BRIEAT, 5. SPANAL BT SE SRS K KL b 0T B Y AR
PERFE IR, B SR, 2020, 20(11): 193-200.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

ZHANG CN, WANG K, CHEN ZX, et al. The effect of radio frequency
treatment on the quality and storage stability of fresh wet brown rice
noodles [J]. Chinese Journal of Food Science and Technology, 2020,
20(11): 193-200.

TR, AT, AT, AR CRIBRE & AL TS L et R
EAF ST S A T AL T (W SSUE ST [T]. 68 it 48 4 i A T 2 412,
2025, 16(22): 265-273.

ZHANG JW, FU XY, ZHU LN, et al. “Empirical analysis of the quality
and safety of ‘Leftover Food Box’ bread under different storage conditions
and their interaction effects” [J]. Journal of Food Safety & Quality, 2025,
16(22): 265-273.

XIZF, B, VR, 5. ARERIN T2 SRR B )], 4™
SRINT, 2020(4): 38-40.

LIU ZP, XIAO H, XV YB, et al. Research on processing technology and
irradiation preservation of rice cake [J]. Journal of Agricultural Products
Processing, 2020(4): 38-40.

TR, A€, AR, 45 MR DI T K b 4 T
[ HEZEMINT, 2023(1): 22-30, 35.

PAN JX, PAN CF, MIAO Y], et al. Research on storage quality and shelf
life prediction of tea polyphenol cake [J]. China Tea Processing, 2023(1):
22-30, 35.

FIEM. R IT L AR i AR R A R BIFE (D). Ko Kt
BHE K, 2019.

WANG XB. Research on quality changes and control technology of fresh
and wet rice noodles in Kaiyuan, Yunnan [D]. Tianjin: Tianjin University
of Science and Technology, 2019.

TU5, Ahetes, SR, S5, VRl = SCE R UM A Ko i ERE
PEIMT B T IR B A ()], TP AR, 2015, 15(5): 63-73.
DING T, LI TT, LI JR, et al. Applicability analysis of microbial growth
kinetics model for refrigerated salmon fillets and establishment of shelf
life model [J]. Chinese Journal of Food Science and Technology, 2015,
15(5): 63-73.

XVBAL, SR, F205, 45 R[N RE T HRAS i T A R A
M. EhRHE, 2020, 41(3): 198-204.

LIU ZQ, ZHANG H, WANG HF, et al. Quality changes and shelf life
prediction of matcha at different storage temperatures [J]. Food Science,
2020, 41(3): 198-204.

i, AUR0T, £, & MRS AL TS N ()], B
BHE, 2020, 45(1): 69-77.

LAI L, LI XX, WANG Y, et al. Establishment of shelf life prediction
model for lemon golden ear soup [J]. Food Science and Technology, 2020,
45(1): 69-77.

XU, SR, SR, AF. BRI BT AN i ST Sl 0 2 K AR A T AR
[J]. BL%E T A2, 2019, 40(9): 6-14.

LIU J, SHI M, GUAN WQ, et al. Quality dynamics and life prediction
model of kiwifruit during shelf life [J]. Packaging Engineering, 2019,
40(9): 6-14.

(st Keft DAL



