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Optimization of tea-flavored rice cake preparation process and its quality

analysis based on fuzzy mathematics comprehensive evaluation method

CHEN Long XIANG Chenxi YIN Fangqi ZHENG Xueke LI Jianfang

(School of Food Science and Engineering, Xinyang Agriculture and Forestry University, Xinyang, Henan 464000, China)

Abstract: [Objective] To prepare tea-flavored rice cakes using a mixture of japonica rice flour and glutinous rice flour as the main raw
material with the addition of tea dust by-products and analyze their quality. [ Methods] Single-factor experiments were conducted to explore
the effects of different tea dust addition amounts, white sugar addition amounts, and japonica-to-glutinous rice ratios on sensory evaluation
and texture of tea-flavored rice cakes. Based on fuzzy mathematics sensory evaluation and comprehensive weighted scores of texture,
orthogonal experiments were used to optimize the optimal preparation process for tea-flavored rice cakes and analyze their physicochemical
and in vitro digestion characteristics. [ Results] The rice cakes prepared under the conditions of 5 g tea dust addition, 7.5 g white sugar
addition, and japonica-to-glutinous rice ratio (m;,: m,,) of 1:1 have a pale green color, appropriate viscoelasticity, and soft and chewy texture.
The rheological properties of the tea-flavored rice cakes exhibit a typical gel state, with elasticity being the dominant contributing factor.
Compared with traditional rice cakes, the tea-flavored rice cakes have a higher moisture content, higher contents of both rapidly digestible
starch and resistant starch, and a more moderate starch digestion rate. [ Conclusion] Appropriate tea dust addition can effectively improve
the viscoelasticity and digestive properties of rice cakes, and the optimized tea-flavored rice cakes have better overall quality than traditional
rice cakes.
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Table 2 Effects of different tea dust addition amounts on

quality of rice cakes

- T /N Bt /mm  MEIEM/mI ERE TS
1 6.004+0.52  3.954+0.05 13.114+1.21 76.3440.47
3 5.574+0.12 4.67+0.12 11.59+1.76 79.344+0.38
5 5.104+1.21 4324039 10.974+4.20 75.184+0.59
7 5.834+0.42 4.344+0.09 12.61+1.17 71.454+0.40
9 6.404+0.52 4.354+0.37 13.24+2.43 66.171+0.96
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Table 3  Effects of different white sugar addition amounts

on quality of rice cakes

Eﬁgjf i E/N PP /mm  EEPE/mMY RE S
25 5172049 4.06=0.45 11.304-2.62 68.884-0.53
50 5924206 427+0.13 11.524£2.39 72.3540.68
75  6.73%1.11 4334030 14.8943.98 75.2620.60
100 5.67+2.04 4414033 8.19£2.74 76.71+0.54
125 5.03%0.55 4.6740.17 8.70=1.28 70.70=0.51
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Table 4 Effects of different japonica-to-glutinous rice

ratios on quality of rice cakes

My Mgy RN Wit /mm HEM/mMI REIT S
3:1 6.60+1.64 4.0710.38 13.25+3.01 73.1240.49
2:1 4934093 3.5440.27 9.03+2.61 75.7240.49
1:1 4.12+0.78 3374033 7.14+1.92 78.94+0.48
2:3 2.7240.19 2.01+0.28 2.53+0.43 75.054+0.56
1:2 2.65+0.23 1794025 2.18+0.45 69.45+0.27
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Figure 1  Effects of different japonica-to-glutinous rice ratios on dynamic rheological properties of dough and finished rice cakes
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Table 5 Voting statistics results of sensory evaluation of tea-flavored rice cakes
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6 5 4 1 0 4 3 3 0 4 5 1 0 4 4 1 1
7 4 4 2 0 4 5 0 1 4 4 1 1 4 5 1 0
8 5 4 1 0 5 3 1 1 5 3 1 1 5 2 2 1
9 6 4 0 0 5 5 0 0 5 3 1 1 5 3 1 1
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Table 6 Fuzzy mathematics sensory evaluation results of

tea-flavored rice cakes

EoaE Bt B s RE 5
1 0.500,0.425,0.075,0.000 78.50
2 0.450,0.375,0.150,0.025 75.00
3 0.455,0.420,0.100,0.025 76.10
4 0.455,0.375,0.100,0.070 74.30
5 0.430,0.445,0.100,0.025 75.60
6 0.420,0.395,0.160,0.025 80.95
7 0.400,0.455,0.090,0.055 74.00
8 0.500,0.295,0.125,0.080 74.30
9 0.520,0.380,0.050,0.050 77.40
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Table 7 Factor levels of orthogonal experiments

KV AKKE IR/ B AR INR/g

C gy m gy

1 1 7.5 2:1
2 3 10.0 1:1
3 5 12.5 2:3

HAEPBEAS N 7.5 g HIRE L (m oy i mogs) 10 16
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Table 8 Analysis and results of orthogonal experiments on tea-flavored rice cakes

i 455 A B C LSk &R NER I T 2 /N #fPE /mm M M- /m ) e
1 1 1 1 78.50 6.27+0.87 3.6310.40 11.37£1.70 47.05
2 2 2 1 75.00 4.47+0.55 3.83+£0.06 11.0740.90 41.70
3 3 3 1 76.10 5.834+0.21 3.00+£0.50 8.1740.85 44.73
4 1 2 2 74.30 4.50+0.10 2.40+0.20 5.37+£0.85 44.48
5 2 3 2 75.60 5.6741.40 3.77+0.45 9.86+1.65 45.44
6 3 1 2 80.95 4.20+0.82 3.27+0.25 6.17+1.65 49.19
7 1 3 3 74.00 3.39+0.20 3.06+0.60 6.11+0.62 44.77
8 2 1 3 74.30 3.14%0.17 2.82+0.25 4.5340.60 44.19
9 3 2 3 77.40 3.114+0.45 2.10+0.32 3.23+0.75 46.55
ky 45.43 46.81 44.49
k, 43.78 44.24 46.37
ky 46.82 44.98 45.17
R 3.04 2.57 1.88
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Figure 2 Rheological properties of dough and finished rice cakes under optimal formulas
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Figure 3 In vitro digestibility of tea-flavored rice cakes

and traditional rice cakes

FH 03 T R L FELAE Y 5 A LA
FI IR 6 2 2 5 0 525 0 P 5 I 20 W I 6 10 A
B VDO S o R A T AL R % s % B,V i S
ST I R I AL R I TR VRN 25 2 B RE SR 10

3 4

T8 2o 5 TR A I 22 U Y 2 A AR R R A A
BC T o 8RB 5 g BV BE A N &t 7.5 ¢ B RE L
(g mogy) 13 1o FEBEZR AT HIAE B0 R T AR RR SR B VR
it TR, R L, 8 PR R B v, AU, KU
5O RHEAE  UEY) DA SRR S E R EOR . 5148t

191



% K Fl DEVELOPMENT & APPLICATION

ARREAT LL, 28 B AR RS rhoK b B L RO A R R
F WK A AR K S AT AL B R o A S AT T A
T A Lo dh R L o A, I 22 AT LA — 25 I A [
T G AL 2 T 208 o AF K 9 2 0 R LA AR G 5 B F 52 L
JHCRE I 2 T A R R B 2R

S 2% 3Lk
[1] FEARAE, BRI, kA 53, 45 ZSR M 285 R I F 5T
5t 591 %, 2020, 41(19): 194-199.
WANG W W, CHEN L, ZHANG J Y, et al.The research process

JERE[)]. &

on comprehensive utilization of tea dust[J]. Food Research and
Development, 2020, 41(19): 194-199.

[2] A6 5, e A e, i ot 0, A LS T) 25 2 TR 7 0 1 2
AR TN B TolkBHE, 2018, 39(24): 260-265.
WANG W W, SHI L T, YU L T, et al. Analysis of the chemical
compositions in processing by-products from different tea[J].
Science and Technology of Food Industry, 2018, 39(24):
260-265.

[3] AN, G 3, W AR, 5. RIEF W LG RO 5E 2t
AR, 2015, 31(1): 140-145.
XIE F, JIN L L, TU J, et al. Comprehensive utilization of tea

JE[]. T E

waste: a review[J]. Chinese Agricultural Science Bulletin, 2015,
31(1): 140-145.

[4] PRIGE4E, RO0E, 480, 45 2SR I Li &
JE[T]. & i Tolk, 2022, 43(7): 263-267.
CHEN X W, YU Y S, ZOU B, et al. Research progress on

IF % F) HIE 58

comprehensive utilization of tea by-products[J]. The Food
Industry, 2022, 43(7): 263-267.

[51 R &A%, B3, BRI, 45 (G EBRARZ N 7 & 4ifk
A S BE SR T M BF ST (0] & Tk B L, 2020, 41(13):
181-186.

WU J S, GENG G W, CHEN X P, et al. Isolation, purification
and in vitro antioxidant activity of tea dust polysaccharide from
Xinyangmaojian[J]. Science and Technology of Food Industry,

2020, 41(13): 181-186.

[6] TEZ 3, W B AE, e AR, 45 SRR 2 W i LI S O
PRI TR ST[T]. B T AR, 2022, 37(6): 58-67.
WANG X L, FENG H X, XUE S H, et al. Extraction,

identification and bioactivities of polyphenols from green tea
dust[J]. Journal of Light Industry, 2022, 37(6): 58-67.
[7] 7532 . 28R B AL T S it 3 1 R DI REWF S (D). )N - A
TR, 2022: 1-3.
FENG H X. Active components and functions of camellia
sinensis and Malus hupehensis[D]. Guangzhou: South China
University of Technology, 2022: 1-3.
[8] bR, BRIR S, i B8 HE . p-B0 W0 RS i B 4 1 2% AR 8 A 1) T
AL WA R, 2015, 54(4): 935-938, 943.
FENG H H, CHEN S W, GAO M X.Optimizing f-CD assisted
flavonoids from Hubei

extraction of total tea dust[J].

HE 2918 | 20265 1 A | RGBS

Agricultural Sciences, 2015, 54(4): 935-938, 943.

[0 Wi AT, ek 2%, PRk, 45 . Gl b S i 2% 2R X 77 1 R 0 4 bk
KR [T]. SRIEVTE MO IR, 2014(24): 28-29.
CHEN W, YAN Z H, TAO L, et al. Effect of tea terminal
addition in feed on carcass traits of finishing pigs[J].
Heilongjiang Animal Science and Veterinary Medicine, 2014
(24): 28-29.

[10] /4 PA M, B EE A ) 0 45 2R 1 4 2 s ORI WF 5 (], 2
AV B2, 2014, 42(24): 8 333-8 334, 8 385.
ZHAO C C, HUANG H F.Study on preparation of functional
drink by tea fragments[J].
Sciences, 2014, 42(24): 8 333-8 334, 8 385.

[11]PARK G Y, LIU Q, HONG 7] S, et al. Anti-staling and quality

Journal of Anhui Agricultural

characteristics of Korean rice cake affected by mulberry
(Morus alba L.) leaf powder fortification[J]. Journal of Cereal
Science, 2021, 97: 103133.

[12] JUNHEE N, MALSHICK S, SAEHUN M. Preparation of
functional rice cake by using f-carotene-loaded emulsion
powder[J]. Journal of Food Science and Technology, 2020, 57
(12):4514-4 523.

[13]LV Y Z, ZHANG L M, LI M N, et al. Physicochemical
properties and digestibility of potato starch treated by ball
milling with tea polyphenols[J]. International Journal of
Biological Macromolecules, 2019, 129: 207-213.

[14] 82 &, sk He st . 5 TR B S8 fb il % n T. T2

[J]. H bR A, 2023, 48(10): 117-121.
GUO M X, ZHANG Z C. Optimization of processing
technology of ecutrema wasabi sauce based on fuzzy
mathematics parameters[J]. China Condiment, 2023, 48(10):
117-121.

[15] G500, 2 R bk, ARl , 45 . A< % 48 80 1 42 1T Jr 1 40 16 22
ST [I]. B A S R E Tk, 2024, 50(16): 118-124.

CHE J X, LUO D L, LI PY, et al. Formula optimization and
quality analysis of bread incorporated with long-chain inulin
[J]. Food and Fermentation Industries, 2024, 50(16): 118-124.

[16] ARELIR . 57 22 AR KL (9 BF ) B FC PO 1 F 72 [D]. S - il
K2, 2021: 10.

LE L Q. Development and

storage characteristics of

buckwheat Chengdu:
2021: 10.

[17] 4% = A, AEHE SR, AT 35, & . XOBH AR i 1 5 2 5t % Ak 4
T A6 45 PR 8 AL (0], P B O 2 2 i (R AR, 2021, 45(3):
238-245.

YANG C X, HUAW Z, YU L Q, et al.Research on processing

rice cake[D]. Chengdu University,

quality and in vitro digestibility of Yiyang rice cake[J]. Journal

of Nanchang University (Natural Science), 2021, 45(3):
238-245.

(18] BRES, il kE, ff3, 5 . M) 22 B3 15 0 4 ) 20 1 A AR AT

SEHEJRI]. & Tk B, 2023, 44(2): 497-505.



F&M | Vol.42, No.l

CHEN N, GAO H X, HE Q, et al. A review of the molecular

interaction between plant polyphenols and starch[J]. Science
and Technology of Food Industry, 2023, 44(2): 497-505.

[19] B, BRJE, (a7, 55 . 2% 2 M 0F /1N 22 3 B 000 A5 1 A0 T 0
52 KAILER[T]. B R RRAE, 2021, 42(21): 8-16.
CHEN N, CHEN L, HE Q, et al. Effects of tea polyphenols on
physicochemical properties of wheat starch and bread quality
and their action mechanism[J]. Food Science, 2021, 42(21):
8-16.

[20] W20, B 1R, ¥ 22, 5 . 25 2T KOK e w0 Bk ke P 1
R[], H E A T, 2023(3): 45-51.
PAN J X, LU Y J, JIANG Y L, et al. Effect of tea polyphenols
on the physicochemical properties of rice starch[J]. China Tea
Processing, 2023(3): 45-51.

[21]) R, Wi, AT, 45 . /N3 X 3E # 4k I3
HEJE[J]. BRI & R RHE, 2023, 31(3): 1-8.
SONG J H, CHEN L, ZHAO J W, et al. Research progress on

4 5 i fF 52

the effect of small molecular sugars on starch properties[J].
Science and Technology of Cereals, Oils and Foods, 2023, 31
(3): 1-8.

[22] B Wk Ik . 90 b A7 oK 3 0 R 400 45 g B EC W A ek I
[D]. A AE: LRl K%, 2023: 38-39.

XIA'Y Y. Comparative study of the fine structure and chemical

1Y L T 5T

properties of two glutinous rice starch[D]. Hefei: Anhui
Agricultural University, 2023: 38-39.
[23] VFAR, 5k A, FIBRIR, 45 . 22 6 i i 2R I b i BT K K T B )

P TR K AR R B S R (D] 2R 4R, 2023, 23(6):

103-111.
XU H, ZHANG Q, YAN ] 'Y, et al. Effect of cross-linked sugar
beet pectin  on the gelatinization, rheological and

retrogradation properties of waxy corn starch[J]. Journal of

B RE - FEERNEIZRURRRFEIF

Chinese Institute of Food Science and Technology, 2023, 23
(6): 103-111.

[24] So 8 0, T 0, BEHOBK, S DUBLATBY XTI 2 EA 5 R

I3 B AR S5 W A A AN RE A9 W (0], v [ R IR A, 2023,
48(4): 55-59, 72.
SHI M M, DONG X N, CHENG Y Q, et al.Effects of twin-
screw extrusion on the structure and properties of yam starch
and soybean protein isolate complex[J]. China Condiment,
2023, 48(4): 55-59, 72.

[25] B3I . B0 BB OK AR RE A AT 45 5 A I AL 41 20 #r D). 1K
B AR AR RS, 2013: 15.

LV Z J. Development, ageing and digestion properties of Yin
rice rice cakes[D]. Wuhan: Huazhong Agricultural University,
2013:15.

[26] M2z 35, INCL TS, Th A0 A, 46 8 — 2 W S W ) i S G

Ak M 5 HE R (0], B 4 A A AR I 2 47, 2023, 14(22):
152-161.
LIU S J, SUN HN, MA M M, et al. Research progress in the
preparation and digestion characteristics of starch-polyphenol
complexes[J]. Journal of Food Safety & Quality, 2023, 14(22):
152-161.

[27] F Rk, BRI, B, A5 R 7 5 I b AF R (9 BF i [
fin T, 2023(18): 34-36.

WANG E S, CHEN H, LV J, et al. Development of osmanthus

1 7= il

horseshoe flour rice cake[J]. Academic Periodical of Farm
Products Processing, 2023(18): 34-36.

(28] ¥ DUIK . 25 22 193 /10 373 28 10 X 3 490 30 Pl e 1) 5% o R AL 3B 7
[D]. K H: KEFHER A, 2020: 18-19.
XU H B. Effect and mechanism of tea polyphenols/gluten on
starch digestibility[D]. Tianjin: Tianjin University of Science
and Technology, 2020: 18-19.

193



