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Abstract: To address the high glycemic index (GI) and monotonous flavor of traditional rice cakes, in this study, a low-GI
large-leaf yellow tea rice cake was developed using indica rice flour, glutinous rice flour, and large-leaf yellow tea powder,
substituting traditional white sugar with erythritol. Single-factor experiments and orthogonal testing optimization identified
an optimal formula consisting of an indica rice flour to glutinous rice flour ratio of 5:2, with the addition of 3% large-leaf
yellow tea powder, and 3% erythritol content. The optimal formula achieved a comprehensive score of 84.67. The analysis
results of flavor characteristics revealed enhanced umami and complexity in large-leaf yellow tea rice cakes, with
significantly higher contents of 74 aromatic components (including benzaldehyde), forming a distinctive mellow tea aroma
profile. Radical-scavenging assays demonstrated that large-leaf yellow tea powder significantly improved the clearance
rates of 1,1-diphenyl-2-picrylhydrazyl and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radicals. In vitro digestion

experiments revealed an elevated resistant starch content (68.03%+4.61%) and a lower amount of rapidly digestible starch
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content (12.58%=+2.89%) in large-leaf yellow tea rice cakes, resulting in an estimated glycemic index of 57.56, 11.97%

lower than that of the control group, almost meeting the criteria for low-GI foods. This study pioneers the application of

large-leaf yellow tea powder in the development of low-GI rice products, providing a theoretical foundation and technical

references that is expected to drive innovation in the development of functional traditional food.
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Table 1 Sensory evaluation scoring standard of large-leaf
yellow tea rice cake
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Fig.1 Effects of different ratios of indica and glutinous rice
flour on the comprehensive score of large-leaf yellow
tea rice cake
T A E/NG 7Ry R B M 22 5 (P<0.05), B 1~ 3,
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Table 3  Effects of different ratios of indica and glutinous rice flour on hardness, chewiness and sensory scores of samples

il i S il 1:1 2:1 5:2 3:1 4:1
TR (g) 8511.99+234.33° 11805.24+669.21" 11967.97+603.99" 12394.11+605.31° 15632.69+374.36
NELIE 6676.83+417.72° 6212.92+176.52¢ 7766.28+154.90° 8661.19+237.57° 12485.72+226.28*
B 73.22+3.75% 80.35+2.33" 85.75+3.28* 77.52+1.21° 70.15+2.11¢

1 AN R B 22 5 (P<0.05), #3~3£5., %9,



- 266 - £ Tl B4

2026 4 4 A

Kl KRR Eeak 512 B, B35 S8 E P s F HE
REOPAlT 5, KLy S8 B3, b AN, 7= gk
BRI A T4 (77.80+4.51 45) (B 1) MHlkEkK
Lo )8 o 5:2 B, 7 AR AE PR R B, S b By
3:1 B, ZEE P4 B FEIRZY 10%(P<0.01) . i,
ARSI AR ORI L AR ] 201, 5:2 K 301 =
AR T IR S E A

2.1.2  HERASK S IR X ACRE L TR SR B
A5 VS Ik 2 S AR A AR A 11 JE XU (1) i PR
o WNFE 4 PR, MEERIESBEINE M 1% B = 5%
Ak, AR AR FIREIE P 5L A il aE

A5 Z2 W FNDE R Z (B AH B AR F A 5P, dn] Ge I A58y
FHEAWIE I S B L R -TEm E SR, 1w
T BRSSO FEPY , MESINES 3% B, BREOK
KEPAG AL BT (74.88+3.01 43) (€] 2), BERAE
LKA XU B BRI 2= o AR SRS N
B 3% B, A5t XUk B SR 5 | & v R B 1 5
%, FEURE VP 2B B T RS, 236V W5 1%
fI(P<0.05) . FET UL, BeZGEI 2%~4% B KA ER
iy T 3250 1) PR Z KL L

100 1
90 4
80 1 a

704 b b

FEPESY
&

ZN
9]

&

60 1

50 1

40

i 2 3 45
WA RN (%)

K2 BEOREHAS I 3R AR RELE 5 1P A S
Fig.2 Effect of the amount of large-leaf yellow tea powder
added on the comprehensive score of large-leaf yellow

tea rice cake
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Fig.3 Effect of erythritol addition on the comprehensive score
of large-leaf yellow tea rice cake
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T (% 6)o “HNIEXLES VIR ZEHET . 8RS
A ES N (R=5.79)>4ill , ¥ EbAg] (R=5.21)>5R &
BEREA IR (R=1.68) . LT LI IE, i iz
B ALBLC, CHIDKRACKS L 5:2, BERZEHY 3%, JRéshl
BE 3% ), FEIKHC 7 Z5 A0 T il V5 9 B KRS 1
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Table 4 Effects of different amounts of large-leaf yellow tea added on the hardness, chewiness and sensory scores of samples

HRZIIAIN (%) 1 2 3 4 5
TR (g) 11374.54+121.73° 12309.36+197.10° 13980.42+162.07 14471.76+299.24° 15773.81+116.07°
NELAEE 5288.28+89.99° 6229.78+70.24¢ 6597.64+169.77° 7114.95+54.70 7533.48+35.50°
BT 75.02+1.32° 80.5142.48" 80.18+2.35° 78.52+42.13% 72.32+1.23¢

S NFISREEHERE AN X A AL | NE I SR T AR

Table 5 Effects of different erythritol addition amounts on sample hardness, chewiness and sensory scores

PREERERE AN (%) 1 3 6 9 12
ififE (g) 11591.43+253.9° 12137.22+74.5 13302.91:449.3" 14125.24+174.5% 14762.42+265.2°
NELEPE 6277.93+158.5° 6433.90+87.8° 6830.33+62.9° 7295.724285.7* 7001.40+237.6
TS 70.31+1.32° 82.55+1.35° 78.28+2.32° 72.12+1.32° 65.7+3.25°
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Table 6 Orthogonal experimental design and results

= A B C LR (41)
1 1 1 1 7234
2 1 2 3 78.56
3 1 3 2 75.22
4 2 1 3 76.89
5 2 2 2 84.67
6 2 3 1 79.13
7 3 1 2 74.05
8 3 2 1 77.42
9 3 3 3 73.58

K, 226.12 223.28 228.89
K, 240.69 240.65 233.94
K, 225.05 227.93 229.03
k, 75.37 74.43 76.30
k, 80.23 80.22 77.98
ks 75.02 75.98 76.34
R 5.21 5.79 1.68

XF R IREE B PEAT 7 22530, 45 R PRI KKy
FEAB AN R AR BRI X 28 K AOCKRRELR SR
IS (P<0.05), T ARBEREIEA I X 25 5 P10
R RIS A L (P=0.129) (3R 7)), %851t S
TEZ I 22 T s S B — 3 (3R 6) .

® TR TT 2T AR

Table 7 Results of variance analysis of orthogonal test

S SER AEE B F P
HIRARS LB A 50.89 2 2545 6249 0016
WAMAINEB  53.90 2 2695 6618  0.015
FREEFHEEAN I C 5.51 2 2.76 6.77  0.129
G2 0.814 2 0.407

1 R7=0.993, *P<0.05,

2.3 BEAIRKIEME FEMBEFESNEGER

o KA AKAE 5 X RELH HEA T Rl 55
ARSI, DA I8 RSO R ARG X BR 5200 . F
FE T S5 SR (E 4A) n 0, PHFIACKEZERRI | 7k | 397
R BTG | VR (o] R AR Rl A A% St 1 1 ) o A H49IK
TCAR A5, BRI PIFPRREIS T FIREERR . HERORRE
TEEEAR TN = & AL AR B ) b B S 35 v %) el
(P<0.01), 1M 85 KECKEE(4.4620.12) LEFH BRAL AT
b A i O A S ZE R T X B 20 (5.64+0.21) (P<0.01)
XFEEH, VSN 3% T RAOH RENEAT R R oRRE I e R
R BRI =E &, A SSHE AR I R R R .
- S ARSI e A5 ARG A W T X,
WE 4B PR, HERASKEEES BRZHAE W2W (L
LA H)) . W2S fL ks (s | I ZS) . WIW &
SRS (ML S . WIS (LRgs (I ) . W5S
LI (RS i WA B v, 1k R A PR
KEEHF A TS EEYRIL S . B2 BEER
&, HILE TSR AE SRS Y

A7 FE 43R (PCA) X H, 775 FITHE, 1 5 4%
AL BRI B AELEA T ARG, % A TR ]
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Fig.4 Electronic tongue and electronic nose detection and PCA
results of two types of rice cakes

TE: A B o IS5 R, B B oL 7RG I 4528, C KN
HLT A PCA 4528, D KON HL 1519 PCA 2551

BOLRESIAT, AT B ZH 8 R SACRE A 125 A2
RERKRBINZES . BTFHS5BE T PCA /18T
ZERUNE 4C F1 4D i, P H R ss— . 55
TS TR 84.2% FlI 12.1%, UM 43 TTHk RN
96.3%; HL T S A v 8 — | 28 L J gy TTHR R Y
83.5% FM 13.6%, By BIRHE N 97.1%, #BHEEE
I 2 PSR 32 A0 Y4 RERS 504 S e [ s Z2 48
FHE R, B SRR A 5 S T
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B R X 334 0T B H R B dses, 2R IH L KRETRT A%
RN SATAEZE R -
24 BAFKREER GC-MS KMLER

Ay 2RI S R o A S XU 42 I
FARZI, B3 GC-MS X8 RASKREE RIS RRH 1935 &
MEVYI(VOCS) AT T 4 . SXTREZIAHEL, B
FORAE P B ) 266 F ik 35 25 5+ VOCs(P<0.05,
VIP>1.0), Hii 192 Ffb &Y R T, 74 Fpib &
R, TSRS TR, RIS (13.1%) | i
22(8.6%) . Bk (7.1%) | ke (7.1%) S HA (18.4%)
L EH A R E2ZE S VOCs, TMHEZE(4.8%) | B
(3.8%) . BRIBIE(3.4%)IRZ . ST A SCHR [31-34],
ARYE X FRZH AN R ACKRERY GC-MS AR A2 i 4%
e, K 8 R T 22555 (Fold Change, FC )&ty 22
Fp A 5 S B RSP IUARAE VOCs, 878 T 3 KAk
REPORHPEE | 2,5- " BNk | -3 U L J-2- B8
ST S 55 R PR A5 AR A XU 4 ol ) AR X2 e W 5 v
FXFREZH (P<0.05) . X LEefb A it Y EIE FH A
TR A AU S R - 2 HH T 2- FE Sk g A5 ) I Tt
T IR PR 0 15 TR 5 DT -4 S5 T AR T - 2 - J5 s P 5
PRIECAE i A RS PR R R B L, A 2L DTk T Wi
2L IIEIT T R o S UUE AT LAY, B KA
MA) 2-F2 3k -5- FH L8 2, A0 -2,6- - s - 1 -5 S5 7

F 8 B RICKAES X FRZH rp 22 A5 B i Y 22 Ff
HFE VOCs

Table 8 22 characteristic VOCs with the highest fold change
between large-leaf yellow tea rice cake and the control

L) log,(FC) AR
AR 425 IR RT
2-F Lk 424 AR, P E S
AN 3.58 PRAEA IR
IT-2- P A e 3.54 IR
1-CU-3-F 3.54 SIEk, L%
2,5- N 2.59 75 1 Tk
Jr R 2.55 oyl
JIRi-3- L Js s 232 FBR
-2 s T 2.18 HEHE
-2 475 - 1 -t 2.10 FHSEMAEA
-4 Bl T 1.90 W5
-2 Bl T 1.85 Wb R
3-FH-2- T 1.76 FAF
2,5-CL i 1.54 [iERS
2 FE-5-HIHEFE 2, -1.13 RS R
%R g -1.40 B AL
-2, 6-T- — - 1- ~1.45 ESaN- NI S
2- - -1.49 REMYIHE
2-Z,3k-1-C - 5N R T -2.26 B
LR H g -2.52 A, SR, ek
JIR-3- 2L s H 5 T R g -2.56 PRUS
IR -3 - O e 2 HH T -4.75 SW 250k
2- IR -5.13 RENEE
2-HH S PR R H G -6.29 LA

FRMEY), 2-T0 . Z3IRF g J-3- LS 5T 1%
Fig | 2- R IEKIE IR A A G S S — e — FP g . I
F-3-CURGEEIRTIR F AR . 2-FF S LK R T BRSE AL T
T AP IARXT S e RE TG, LA G SR, U8
TN RSB AR KL P VOCs Y4 AFE, 7EAR BE
T RE P RHETR AR, FEIE T ACKE R (AR XUk
2.5 BEAFKENBBREBRENSH

B PUEALRE 1 S IR BAHA S UIAH G, (& B)
DPPH Fll ABTS™H FHJEIEBREE IR PF-AS T #s e
RESH X AKEDTEAARTERI R BB . RAORE
TEPIFN [ 35 BRAAR R v B 2R 0 i 25 B i P4
fLEE I (P<0.01) . HAKIMIF, 76 ABTS™ H H JLI5 R
SR, R ASKRRETE BRFRIR 93.25%+2.76%, X}

HE2H (17.68%+3.28%) ¥E T+ = 5.3 fi%; 1 DPPH [ FH
FLVE R 2L 5 W N B, SCU6G2H (87.31%+3.08%) ¢
X BRZH (1.75%+0.14%) 42T 2 49.9 1% (& 5) .
100 4 E=a ABTS* _2'1_ a
_ C=IDPPH zZ ==
< 80 =
% 60
40 - /
=
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Bl 5 XHRASEOOREEN A d LTS BREE
Fig.5 Free radical scavenging ability of the control and large-
leaf yellow tea rice cake
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Table 9 Starch content composition and eGI values of the control and large-leaf yellow tea rice cake
AR RDS(%) SDS(%) RS(%) C.(%) k HI(%) eGI
X R 22.28+2.63° 22.93+4.54° 54.69+4.68" 51.51+3.34° 0.017 43.23 65.39
EORAOKEE 12.5842.89" 19.39+1.74° 68.03+4.61° 36.04+4.25 0.015 30.05 57.56
Ll IHIEPTEA T EE(0~20 min) LIRSS BE 3 4510

IR SR aE, FE TR A TE AL (20~120 min), PRZHEESH K
FAHE R AN RAEARS, 120 min Jim BIZEAL AL O TERS TS bk
BEETARE, 180 min AN B8 R ASAKEAREL T BHZH Y
VER KRR 5 15.48%(P<0.01), XA IN 8L
FRYRENS W TN RIS I TH AL R . BRASZ I RENS
AN a-TEB BRI TGN, B ARZK T TS G
LT Y REAEAT RN A AR R, MTTRRAIS T2 K
FAKERI RS MM, IG5 A i P i &
P74
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Fig.6  In vitro starch hydrolysis rate of the control and large-
leaf yellow tea rice cake

3 TR N A A e i TE A 4 532 H AT
WFHIME GI &S rH W=, 2 9 Bdgidt— L1k
T ERESRTERT AL 53 MO S5 EE LRG0, B R GKARE h
PeiE b TEHy (RDS) B ] i X BRZH 19 22.28%+2.63%
B EER TR 12.58%+2.89%( P<0.05) , T 7 M LE Ky
(RS) FLAII I 54.69%+4.68% T EHETF T 68.03%+
4.61%(P<0.05) . ZIZ B SEZW A BXTEm i
AR /E A S, ] e T AR 2 W S ek 4
TFHIMBEAEHS SR T V BME 5, %2 5
HA NGB L5, BN T X a-VE R BT rE,
Tk T RER BITE AL, AITTAS RDS &8 T e, X Fh
TEASTLH 43 TR G REEARR T KR 1) 2 B R TS 3 I /K fi

B, HIETET eGl By EARML, HREOKEE eGI
B~ 57.56, BT RBLH AR 11.97%. #RE T/CNLIC
0145-2024 A% I BE A2 48 20 (G £ 3 FH H7 AR 2
SROYBLAE (GIK55 MK GI £ hh), 1% 5 B HEAS A 5
Ik GI &AL 2R, BT Y HT SE g0 3 TS A s 1k
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Y eGI (H- 552 BR MUBHE SN (R 2E2>44, PRl AS 7= i HL
A Bt FNHE BT .

AT SR 3  FR R R S B 45 5 IE 38 ST, e T
WAL BB T S BRIy LU g 5.2 8%
RGN 3% . RGP NG 3% FHETXT
HEZH, P RO RN XU T2 5 P T S Bl =
PETF, FRREH AR I IR FH S . RS
FAUAS I ZEHE 58 T REEXT T DPPH Al ABTS™ H AL
FTEIREE 1, [FIRH i 2B BRI T ARG T S AR5 K A
R, fRH RS bl 3Tt ST kil il 5155
BB RS KL, H eGI Ny 57.56, 22307 [ [5R388 FH B9
GI B/ BME (GI=<55) . ASHFFTE T 2 45 PFE 4
B, s T B RESAERRE USRS SR8 S Ty
e ALHILEI, I 2 e et S5 % GT 45k rfL
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