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Optimization of the Formulation for Sugar-Free Cake Enriched with Grape Skin Powder

ZHANG Yang,YAO Yuan,ZHANG Xuerong, LI Yu'e,KANG Jimin, LIU Min
(College of Food Science and Engineering , Shanxi Agricultural University , Taigu 030801, Shanxi, China)
Abstract: This study incorporated grape skin powder into a cake formulation and replaced sucrose with xylitol.
By investigating the effects of grape skin powder addition, xylitol addition, and baking powder addition on the
sensory score, specific volume, and texture characteristics of the cake, the formulation of a grape skin powder
sugar-free cake was optimized. The optimal formulation obtained through orthogonal experiments was as fol-
lows:egg 100 g, low-gluten wheat flour 75 g, grape skin powder 25 g, soybean oil 20 g, xylitol 75 g, water 20 g,
and baking powder 1.3 g. The cake prepared with this formulation had an smooth and glossy surface without
cracking, a slightly purplish tone, and uniform internal pores. It exhibited a delicate mouthfeel and moderate
sweetness, with a slight sour and astringent taste brought by the grape skin powder. The taste was richer and
more layered, with a unique flavor, and the sensory score (83.60) was higher than that of the traditional cake
(78.50). The total flavonoid content in the grape skin powder sugar-free cake was 0.279 mg/g, which was 3.72
times that of the traditional cake.
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AHIKIE R REATHY 3 A48T 4 min, 6 443 B 13
3T 12 min; DB ZUCHEA S5 B BRAT /N2, 18
BRBEHE , ORIk 25 e 5 AR T3 IR 5452

SRS - g R THR 12 50 £ TS Uk o0l ) R 2
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Table 1 Sensory evaluation criteria for sugar-free cake with

grape skin powder
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5 1A BRI B TORE R RENY 4 SR (B T . 60
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PR U8 RE SR BORE T 4 “CURFE SRR .
1.3.5.2 AT b g2

S BRI kg AR e 2, DL T W B h
R AR bR, WG R AR AR, 2 T R e 26k Y=
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Table 2 Factors and levels of orthogonal experiment

IE:

A M % BRI s C AT BT
1 20 50 1.0
2 25 75 1.3
3 30 100 1.6

1.4 SEitodr
fdiFH SPSS 26.0 i 0 A R A AT J7 225307,
IR h p<0.05.
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Fig.1 Effect of grape skin powder addition on the sensory score

of cake
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Fig.2 Effect of grape skin powder addition on the specific volume

of cake
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Table 3 Effect of grape skin powder addition on the texture

characteristics of cake

BRR b BN M )
15 4.43+0.09¢  56.17+1.44% 0.87+0.03¢  90.13+4.13¢
20 5.30+0.08¢ 55.93+1.30¢ 0.93+0.02¢ 115.96+5.42¢
25 6.62+0.05*  67.07+1.29¢ 1.07+0.02* 132.39+5.18¢
30 6.30+£0.08"  74.91+1.70> 0.99+0.02> 173.57+5.45"

35 5.56+0.08  87.28+1.46* 0.86+0.02¢ 215.91+2.38¢

T - RIS A PR 3R 28 5 B3 (p<0.05) ¢

FY 3 ], REORE P A ML W A A i o
B A VS 0 38 n B K, BV A R R s A, 2R
R SO0 b A SR R PEL PG A AL 0 28 R A 4 1
WS IRy 25% I 3K 3 B AR, E IR 2R RS 50 R 4T
FURFA SR, S5RCE PR &5 S — B0, S8 %0 Kok n
Mt 25% Ja , EREFLTE B BFEAT , 7T AE S i T Es
2] g By AT 1 A R P A T A e T AR R0 8% X B R Y
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Jer BE1E 2R
2.2 AR 0 Xt R i TR (14 B

AR A 1T P 5 AR T, (H IR SR 2.4 k) /g,
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2.2.1  ACHEBEAS N B R R A AR )

AR VAN I o SR SRR T3 A 5 M) LI 3.
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Fig.3 Effect of xylitol addition on the sensory score of cake
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Fig.4 Effect of xylitol addition on the specific volume of cake
H1 &1 4 n] T, BEE AR REAS I EE AN, ERE R L
RIS BT RA S AR
75 ¢ I, EREMY L AR K (177 mL/g) . ZEAREAY L 2F
W T HRE A K HE KRR SCRE T, 2 MR SRR 9 S
HR ARSI, JORE S LA A0/ R A TR £
AMERZE OB TR, ORIV R, S E LS
WA IR, BRI ENE TR, MAh, o
RETE FAR R BE I 50 TT 0 782 18 I8 1 1) PR AR 25y, A2 A3
R, R IKA L, FECEERER R BUL /D X2
TR LA B N S R 22—,
2.2.3  ARBHBEAS I X R R AR 1Y) 52 e
AR I X SRR BOA AR PR RO e DL 2 4.
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Table 4 Effect of xylitol addition on the texture characteristics of

cake
ANEREG Nt /g 51 /mm RN FhFHE/m] PR /m
25 4.88+0.08° 44.91+2.15¢ 0.47+0.02¢ 114.26+2.46°
50 5.57+0.107 55.99+1.22¢ 0.61+0.06" 134.35+2.98¢
75 6.75+0.17* 65.62+2.62¢ 0.76+0.03° 158.34+3.93¢
100 6.36+0.11" 72.58+1.73" 0.85+0.03" 189.09+4.95"
125 5.90+0.05¢ 87.26+1.46* 0.98+0.04* 216.37+3.10°

T : [FIFA R) FRE 7R 28 52 .35 (p<0.05)

HIZE 4 AL, AR AR RS I 3 0, SR Fr) il
JE BARE EH IR B AR BT AR
5 18T AT ) B P I i SRV 0, 4 B e A3 5
LY S H S AR T 1T P A6 BEN ), I LT P v B4 3 1 7K
BB ACHES /3 F T I R R G DR, 3 AR B
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Fig.5 Effect of baking powder addition on the sensory score of cake
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FERE N LI o3 A AN 5) S 80 BB T . Y
WHTH IR 1.6 g I, BAETT A 5 V0 , 0T 24 74T
A INER 1.9 g B, P RRASA I R 3, LT 56
TR AE A A AR s 2R RE B R PR BRI
£ 76.1,

2.3.2 TR AS I EERE LA A5

TFTH IR 0 X JRE L2 s DL I 6,

FH L 6 AT, B T TRy IR it (14 i, B AR LA
SIS B IR REAR A R S S TR U ik 2
1.3 g W, SERE Y L 253K B 5 KAE L o4 1.76 mL/g; 04T
MW mEss 19 0, EEMEAERETHER
1.45 mL/g, I SRR T0 350 H B 7 o (U155, 3 1o 48 4, L
PR B A R AL . X — 25 SRl RSN
FIH REAE AT RO R ARSI (H a3 ) 2 5 80
KR TC VLA AU 2 2 SR, R 51 & AR il AN

Hig0o,

0.7 1.0 1.3 1.6 1.9
HUERR Ry [IN=vs
AR FoR 22 5 13 (p<0.05) .
B 6 SEITHRMEXEEEL RN
Fig.6 Effect of baking powder addition on the specific volume of

cake
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LS TRy S T o SRR TR AR P ) B2 L3 5
R5OEITHRMNEXNRERETFERN XN
Table 5 Effect of baking powder addition on the texture

characteristics of cake

WA/ $bE/mm  GEEE/N BB/ PR /m]
0.7 4.45+0.08° 63.30+0.87* 0.23+0.02° 151.40+1.30°
1.0 5.39+0.141 57.20+0.45" 0.33+0.02° 147.00+1.37"
1.3 6.80+0.13" 45.93+0.35° 0.46+0.03* 132.13+0.67°
1.6 6.25+0.17" 47.90+0.62¢ 0.37+0.02" 122.27+0.55¢
1.9 5.69+0.18 55.10+0.70¢ 0.27+0.02¢ 126.89+0.65¢

T RPN R PR 225 8.3 (p<0.05)

P S AT, B 00 TR o () B4, SRR ) 5
PESE L THE TR, R AT AR R IR AT S N a2 K, AkE
R IE B3 22 AL, A URLRE |, FL A T4 461 &b 3%
O A FT R RN AN 2 T A PN A R A o
B, FEOT TR, BSR4 FTREN
R 1.3 g B BRE R 5P A B 45 KAE L O 6.80 mm, LT
HOREM T3 &), FLS TR A PR A8 B e

ZE L R ATINE 1.0.1.3.1.6 g HET/E 4L
IEATIRE .

2.4 IECIRESE T

R ARAT A A KRy T BORE 0 SR DL BC T, AT =

R 2 =K IE 2SR, 45 R Wk 6 s .
6 EXRBER

Table 6 Orthogonal experiment results

faas) Ak EESY
A B C
1 1 1 1 74.2
2 1 2 2 81.4
3 1 3 3 76.1
4 2 1 2 81.0
5 2 2 3 83.6
6 2 3 1 81.7
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Continue table 6 Orthogonal experiment results
R iRy s Er
A B C
7 3 1 3 80.9
8 3 2 1 84.2
9 3 3 2 79.3
K, 231.7 236.1 240.1
K, 246.3 249.2 241.7
K, 244.4 237.1 240.6
k, 77.23 78.70 80.03
k, 82.10 83.07 80.57
ks 81.47 79.03 80.20
R 4.87 4.37 0.53

H 2 6 ml 1, 9 41k 56 o JECE T 4 B s Y R
AsB,Cy, ik 8 84.2, #2543 BRI 0, 3 A~ R 2R %) 4 4
BBy TO M RS B P43 1) B i HE Y Ok R 2 R R S T
SESACORE RS NS ST I . Rk (BTN, A
Fe M OB RE A Bl A0 ALBLCoo X IE ST
ERPEATIAIE , 45 5 Won , FE B ALB,C, i 75 il £ 11

2 [z A T SR I T4 IA 86.0.  HY BL A , % K
13 JCWE SRS 1) B DU TEE 7 R 0 26 B A AR I i 25% AR
BN 75 ¢ JEATKY BN 1.3 g0
2.5 % KRy JORE SRR S A M

I B2 Ry JOHl BORE S AR G BRERY S BT AT L3R 7

FHER 7 AT, SR G0 sREAH LU, %8 B2 A TOR Bk
() LU S R 5 25 i s R 280 B R E I M A v, B
TR BTA REPERS D A GE ke . E R R U I i 7
BBy BEAR TR 2 v T 2 100 i, 55— T AR
WHEE AR, R CRE 1 S it sk 55 , DT 52 il R
BT R R . A A A R Ry O ARRE R T A Ok
B TCITF LR, me iy G2 o e, NP LI AT, R
JIC, HE I v, ELAT A Rk R ) — 22 FR VA, 1T )k
OIS A)JZ W, KRR, BE P4 (83.60) i T1%
GrAEkE (78.50) , 156 W1 78] B2 A JO MR RS AR BT T 1Y)
2SRV LI AZ 0 o BRI RR R 6 4 R R R
TR 2 e B I TR ORI L 2 R S R 2 4 i
REA AU 50 7 i 110 R 2 RN LA | 3 — B FE R 101
TN 18 Sk POIrh g RAEFE DI RAE ©

R BEEMIEERSERERNRARIN

Table 7 Quality analysis of sugar-free cake with grape skin powder and traditional cake

FEih LA/ (ml/g) P /mm T EE/N BB E/m) MEHIEPEm) BRI S R (mgle) IS
I 4 oy oM RS 1.3420.08 6.4620.13  54.50+0.25  0.99+0.05 128.32+3.05 0.279+0.028 83.60+0.85
fEGTRAE 1.95+0.04 6.83+0.11  37.10+2.53  0.67+0.06 98.51+3.58 0.075+0.004 78.50+1.01

I B oA EORE Y B B I R AL SRR Y
3.72 A%, ULV TR 25 B by P LASRE o ARE R B SR,
IFRER AR BT . B B A FEhE R DU S
AE , 30 REE 1L T R b B SE LA S 1, 2-
FeAb A W) R g 1) B RE 1L 24 K 77 ) (advanced glycation
end products, AGEs) {74211 B i 25578 2 KL Hh i
%G BRI B R B P AR LM 1 O, SR D )N
(BRI A R A T R R B 5 i g,
B IR E AR AE IR RS &, S AR 45 3 — 2.
ANI) (R 72 , ASBIFGE v 0 6 % B Ry TCWE SR AR R T IO hE 4R
K&, YA S, AT S ARG IS i E T
THERERRCE TS B IR A, A A £ (i T
£ 9T B AR I T B A A R

3 Hig

12 R AR R R Tl % I, A A
HR ) IO FH AN SR R T R TR B () R, A A T BB B
FERPEHE TR . A % B by T 2 SR
J7 0 A ERESE AR RS, 3 A0 1E A8 0 A5
25 K2 By JCWE ORE () e L 7 XS AR 100 ¢ fIRAT /N By
75 o A KRy 25 ¢ KT 20 g AHHERE 75 ¢ 7K 20 g
WATHRY 1.3 g, LA 4R 0 580 28 K2y M BERE o bl

PR, RN, R B, FLA e 1o A 2 XUk, HL2R
B R . AT T 2 RO AN
AR UL T —Fh s RS B 27 4 S hr AL Im R D Be
PETCHESERERCTT , MU i 1 ERR B SR ANE, % T
ARERY IR , i i 1 TR A 4 B2 U M HT R

B A% B 5 DY REVE TR 7R AY Bl ] 07 A
R i P A8 T 0 AR T KR AROR BT ] 2
g KN i 2 N DR SR O T e~y A C VAR K S
Al i B T RE AN, A bR B A A8 SRR AL S
PR THRAL T 2 IuiR T 58, BB I R P e D g
PEE AU R K R

S 0k :

(1 i &5, AV, 5 A a2 B - R G B IR 1k
fiE BRI, A28 5 b HLIK, 2024, 42(2): 26-34.
LI Xia, GAO Hengfang, BAI Xi, et al. Properties and application of
grape pomace polyphenol-chitosan composite edible film[J]. Pack-
aging and Food Machinery, 2024, 42(2): 26-34.

(2] SR, S/, (TR, A5 . R A B I e MR B A P R
FHELARN. HES5 AR, 2020, 33(12): 10-11.
ZHANG Yuqing, NIE Xiaowei, HE Fenxia, et al. Application of
wine grape skin pomace in baking food[J]. Cereals & Oils, 2020, 33
(12): 10-11.

(3] EH., BEUE B, T4 X i OF TR W BRI



RRAKAR

RaftASAR

2026 4£ 8 A
Fa1HEE16H

171 —

—

PBRERZ IR T]. £ AR R EOR AR, 2017, 35(5): 66-71.
WANG Jun, LI Yu'e, YANG Hua, et al. Effects of wine grape pom-
ace on sensory qualities and physical characteristics of cookies[J].
Journal of Food Science and Technology, 2017, 35(5): 66-71.

SRR . A% B RS IR DT (BRI, SN R 2 B 2 4R,
2022, 24(1): 78-85.

GUO Xin. A study of the formula of Margaret biscuits with grape
skins[J]. Journal of Zhangzhou Institute of Technology, 2022, 24(1):
78-85.

Bemimg, SOULEE, TRI I, 55 . AT ROWTE AR R RN, £
YR BERHL, 2017, 53(1): 53-55, 104.

DUAN Lili, JIA Hongfeng, XU Xiangbo, et al. Application of grape
skin powder in cakel[J]. Food and Fermentation Science & Technol-
ogy, 2017, 53(1): 53-55, 104.

SHERR, SREEAT, SR, A5 A IR O A i L E A Sk R A
ArEREIN T T2, 7 P8I Be 7 4 (A 287 ), 2024, 36
(2): 174-180.

WU Yanqin, ZHANG Siying, WENG Xin, et al. Study on formula
optimization of Cordyceps militaris, Hericium erinaceus and Tre-
mella fuctformis composite cake by response surface methodology
[JI. Journal of Ningde Normal University (Natural Science), 2024,
36(2): 174-180.

X, MY R e T AP R SR IR D). i 4
T4, 2023(18): 175-178.

LIU Wan, TIAN Juping. Study on the harm of high sugar diet and
the strategy of reducing sugar with west point[J]. China Food Safety
Magazine, 2023(18): 175-178.

THW, BooC R, JEE, 55 . DUREMERTOR A ARk K ). K
45 7 AL L 2022, 302): 1-4.

YU Mengmeng, DUAN Yuanliang, ZHOU Qingtao, et al. Character-
istics and application of functional sweeteners[J]. Fine and Spe-
cialty Chemicals, 2022, 30(2): 1-4.

B350 D RETERH AR AL B Wi e A . B2 42
ST, 2024(31): 160-162.

LIAO Qiong. Application of functional sweetener xylitol in food pro-
cessing[J]. China Food Safety Magazine, 2024(31): 160-162.

FHILERS . A2 Bl 2 DF TR, 38 7 A B HR 2 B 2742,
2018, 20(3): 9-10.

TIAN Xiaoling. Research on making cookies with grape-peel power
[JI. Journal of Liaoning Agricultural Technical College, 2018, 20
(3): 9-10.

LD ORI SR T AN HI[D]. JE8h: VLR KA, 2017.
NIU Lisha. Study on the application of sugar alcohols in sponge
cake[D]. Wuxi: Jiangnan University, 2017.

TRFE . XURAT Ay X R RE it S e A I 5E L. B EOGE(h
AJ ), 2020(8): 123-126.

XU Ke. Study on the effect of double-effect baking powder on the
quality of chiffon cake[J]. The Science Education Article Collects,

2020(8): 123-126.

FRAZ | B AN A RE AR B i) K G A BB 9 (D] BB HOHR R A%,
2023.

CHENG Ying. Study on the preparation and quality of Polygona-
tum coarse grain cake[D]. Chengdu: Chengdu University, 2023.
FIR W, VF 5T, TR, A . SRR AR ) A SR
SrTLTL. AL, 2025, 50(1): 163-171.

WANG Yuanyuan, XU Baoliang, ZHANG Xinru, et al. Preparation
and texture characteristics analysis of chestnut cake with black gar-
lic[J]. Food Science and Technology, 2025, 50(1): 163-171.
AT, AR, FRARLL AW X T AR 4 B ()], R A
FEFF A, 2017, 38(6): 95-99.

DIAO Ziwei, BAO Haibo, QIAO Cuihong. The influence of xylitol
on dough properties[J]. Food Research and Development, 2017, 38
(6): 95-99.

TR, X R, TR, A 18 SIVE R LR B AT ] B
fi, 2023, 29(10): 25-28.

ZHANG Xiaoshuang, ZHAO Erxia, WANG Yongwel, et al. Analy-
sis of common problems in making steamed bread[J]. Modern Food,
2023, 29(10): 25-28.

RS, 1) R, XU, 45 . e o TR O AR AR B RE T 2001, 4
FEAR T, 2024(18): 54-58.

FU Wenjun, XIANG Chenxi, LIU Xiaoyuan, et al. Optimization of
processing technology of Osmanthus cake by response surface
methodology[J]. Farm Products Processing, 2024(18): 54-58.
FERI, B, G R0 L A AT A S AR AR L U5 ()]
T 51 Tolk, 2024, 31(6): 36-41.

WANG Zhulin, DUAN Jinjiao, WANG Qian. Formula optimization
of low sugar and selenium—enriched Pueraria shortcake by re-
sponse surface method[J]. Cereal & Food Industry, 2024, 31(6): 36-
41.

B mn, BARAR, tRm i, 55 . AR BB iy AR, £
AATIE I %, 2018, 39(12): 106-109.

DUAN Lili, JT Derong, XU Xiangbo, et al. The preparation of grape
skin powder bread recipe optimization research[J]. Food Research
and Development, 2018, 39(12): 106-109.

A3 . A R 1 KRR BB AL RE ) A )] MR
L5iHiig, 2016, 29(7): 19-22.

70U Lei. Effect of grape pomace on the sensory quality and antioxi-
dant capacity of steamed bread[]]. Cereals & Oils, 2016, 29(7): 19-22.
Wi 5 . S5 T A0 o) R AR R DG LA R N M SR (D).
AL FAUME R, 2016.

LU Min. Study of inhibitory effect of flavonoids on harmful prod-
ucts from Maillard reaction in cakes[D]. Nanjing: Nanjing Normal
University, 2016.

MI4mEE:KE
75 B #5:2025-06-26



