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Formulation optimization and flavor characteristics of functional rice cake

SHI Jiacheng WU Yingying SHEN Cunkuan ZHANG Huien YANG Hua
(College of Biology and Environment, Zhejiang Wanli University, Ningbo, Zhejiang 315000, China)

Abstract: [Objective] To develop a novel functional rice cake with enhanced nutritional value and improved flavor, achieving a health-
conscious modification of traditional rice cake formulation. [ Methods] Japonica rice flour was used as the base substrate, supplemented
with co-fermentation of plant lactic acid bacteria and brewing yeast. The composite ratio of flaxseed meal (7%) and chickpea meal (5%) was
optimized by single-factor experiments combined with principal component analysis (PCA). The effects of the improved formulation on
product quality, nutritional composition, in vitro digestion characteristics, antioxidant activity, and flavor profile were systematically
evaluated. [ Results] The optimized rice cake maintained whiteness while total phenolic content increased threefold, and DPPH and ABTS "
radical scavenging rates doubled. Slowly digestible starch and resistant starch content significantly increased, with an estimated glycemic
index (eGI) reduced to 53.758, meeting low glycemic index food standards. Nutritional analysis revealed a 1.105 g/L increase in protein
content, with significant decreases in cholesterol and starch. Gas chromatography-mass spectrometry (GC-MS) combined with orthogonal
partial least squares discriminant analysis (OPLS-DA) demonstrated that the formulation effectively reduced fermentation acidity and
introduced characteristic flavor compounds such as isobutanol. [ Conclusion] The flaxseed-chickpea composite technology significantly
enhances the nutritional value and antioxidant properties of the rice cake, optimizes digestive metabolic performance, and improves flavor
characteristics.
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Table 1 Scoring criteria for sensory evaluation of rice
cakes

B WA b W
B (204y)  REIGH , AEE 16~20
FIMADEH , FUR K 10~15
EJPNHEAE L 0~9
@20 7) AW, ARiEsL 16~20
ISR SO IRURE 3§ g 10~15
BUEIEAR S GRS 0~9
ABR(204r)  HATEIR RRJLTFE 16~20
TR IR L W AT TR A 10~15
AWRTG , R R 0~9
F(207)  ZREKCH B M, K 16~20
il 252 L MEL R 65 2 R R 2 10~15
JoE R, NEL I 22 K 2 0~9
AMLU205r) B TALIY A HEUE 16~20
A LRSI ) BB 10~15
BB LA S A B 0~9
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Figure 1

Effect of chickpea meal and flaxseed meal addition on the quality of rice cake
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R2 BRZIRSSNHEERTEKE
Table 2 Eigenvalues and contribution rates of univariate

principal component analysis

F L FRAE(E /% TR/ % BT TR /%
1 4.376 87.511 87.511
2 0.371 7.420 94.930
3 0.162 3.237 98.167
4 0.056 1.114 99.282
5 0.036 0.718 100.000
x3 IHSBAEREEES
Table 3 Principal component scores and composite scores
R @”%3*53‘ ﬂZJﬁiﬁ*ﬁ ®1E E2E LA
Wik WE/% B4 Uy 5
1 0 5 2396  2.268 2.800
2 0 10 2.105 1.946 2.351
3 0 15 1.596 1.448 1.574
4 0 20 0.744  0.870 0.595
5 0 25 0.190  0.383 0.129
6 5 0 2.527  2.348 3.254
7 10 0 2.079  1.883 2.889
8 15 0 1.476 1.171 2.454
9 20 0 0.965 0.753 2.209
10 25 0 0.283 0.134 1.714

AL VEN & B AIE N OC  E 2% T Ve M i A . SRR AT
oy A0 W 2 e N R AT R R R 2R 4 R AT
Ji £ £ 4 W] e e At 7 A O 2l el B e ) 45 R N1 A 58

BEE 28983 | 2025 F 11 A | RASHA
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Starch digestibility/%

30 b L L |
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FREAR )RR 2 7 8 ¥ (P<<0.05)
B3 REALEGZHELE

Figure 3  Starch digestibility rate of different rice cakes
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Table 4 HI, eGI values, and starch composition of different rice cakes

21 51 KRR % AT MBS R PO TER /(mgemL D) EWALES/(mgemL ) HiMERER/(mgemL )
Xf HE 40 60.94+1.02° 60.73+1.57° 73.2341.08" 23.4941.03° 1.284+0.06°
e R 7 52.85+2.07° 53.76+3.76° 58.21+1.65° 32.75+2.05° 9.04-0.57"

T AN T RER [ SRR 25 57 W (P<0.05) .
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* RSN
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-6 -4 2 0 2 4
PC1(77.2%)
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Figure 2 Principal component analysis diagram

FIMER . b 4/ % EVE b EE MR P AL ), fig
T A7 253 0 i B 2 Ak, T - P JRR 18R DU 38 o B g8
o] 422 41 kBT S0 fL i B, Kaur 282 BF 5T % 30, 0 BRFEH
B FLAfi S o g JE LS R B T R AR B 2R R IR AL A
3 3 35 W 1 R R R A AR T N R BE 2B i R AR AL .
W TR B T AR T R e R A R RDLAS R
SR I I, AR AR L T Ak B R R AT PR A B R TR
MY A2 B 35 PE KT . Delgao-Andrade %528 HIF 5% 2 1
TE B R 0 W T, A HE R R R R A
T AR LT S Al 1 1Y 55 B R W, LR AR A B e



&M | Vol.41, No.ll

EEHE A RERREST MR R ERRE SR

75 75 751
La s a4 -
*ég@'o\oﬁof &g 60 T 6of a
w2 s L it §
B E 45 I B E 45 o2 45F
5y - it
=L £ £ 5 b P
o E £ 30 @ g g 30 m < 230
T E n 2B oY b
&2 F 15t S <715 2150 ﬂ
= = =
0 0
SGZES W X AL AR )y popiicil ARy X I 2

(a) DDPHH HHFE{H R R

(b) ABTS*H 5L FRR

(c) Bm&E

TR R R 22 5 3 (P<<0.05)

A4

R B R Z A0 L BAE

Figure 4 Antioxidant activity of different rice cakes
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Table 5 Nutritional components of different rice cakes

B FE R HILR 3k — R B A3 ) T R T o AR v R P AR
Wi I 2 A5 W B 5808 BCERS MO R o e AR T Y VIP>1
F 18 Fifv s s 1 XU 40 I (5 3 S0 1 57 IR AL 5 ) AR
ERIE T SiRHA I & 0 0 i A8 5 4, S8 R T AL G oKl
R TR R R O S I A 4 D R AR R .
HVIP B 1Y 18 FhF S a) , Horh B2 1 Fh 2R 2 F
Bl AR RIS SR W 2 Fh A 2 B oM 2 i

Xt B AT LA 2R RN e O 32 5 0 R AR R AR L AT A
8 G Rl K Sz T 1y SR % J VR T SR AR T T SR TR &
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Table 6 Aroma components of different rice cakes

i EH A/ VE M i/ N s
ZH 7

’ (gL % (mol-L ")

pogiekitl 1.87+0.14° 87.21+5.74" 2.7540.54*
SGgE 2.9840.24° 64.1143.22° 1.25+£0.37°

Fik R 1%?#!# AT /% Vb
Wy [/min g AR L g il
g RTE 4.85 31274132 0.03£0.02 1.775
R O 532 1414032 2712041 0.987
T 943  1.1020.62 — 0.764
el 1,4- IR 1427 0.59+0.04  1.814+0.21 0.775
b
FRE b 15.45 — 2.45+0.13 0.632
JLASERAGE  16.65  0.56+0.03  1.83-£0.57 0.842
GRS 21.76 — 0.784-0.21 0.932
(&N 3 732 1.0240.23 38.40+2.32 1.423
5] 8.94 — 1.42+0.19 1.023
T 10.33 — 0.63+£0.15 0.723
E2 R 16.32 — 0.7040.12 0.832
i 21.53  0.9240.14 1.01%0.32 0.653
FR2E 3-F%E-2-THER 1076 2.82+0.76 — 1.012
FMHEEHE 1565 — 0.60£0.03 0.865
W LI 1042 4.794+0.76 1.81+0.21 1.323
IR LR 18.45 22.11+2.54 5.74+1.01 1.653
HAtn % 1506 1.66+0.15 0.624+0.27 1.510
2-TF /R HEWem 21,22 0.4840.17  0.46+0.11 0.831

T ST REAN ] R R 22 5 2 (P<<0.05) .
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