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Abstract: This paper addresses issues of poor water absorption, rough texture, and insufficient viscoelasticity of gel products from black
rice whole flour. The factors affecting the gel properties were exploredto improve the taste and flavor of black rice gel products. Black japonica
rice was used as the raw material. Gel hardness, elasticity, and cohesion were used as the main indicators. The study employed single-factor
enzyme variables, including protease (0~2%), amylase (0~2%), lipase (0~1%), pectinase (0~1%), and cellulase (0~1%). The increase in amylase,
protease, cellulase, and lipase reduced the hardness of the system by 39.56%~90.17%, 15.68%~63.84%, 20.76%~53.80% and 0.70%~11.18%,
respectively. Pectinase increased the hardness of the\system by 23.73%~59.09%, resulting in a finer texture. The order of the components
affected in the black rice gel was starch > protein > pectin > cellulose > fat. In the gelatinization experiment, the addition of the enzymes reduced
the peak, valley, and final viscosity of the system by 0.4%~96.3%, 2.68%~97.13%, and 1.8%~98.6%, respectively. The enzymatic effect
improved the edible quality of black rice flour. Electron microscopy scanning indicated that the addition of amylase weakened the uniformity of
surface pores and increased the number of fragments in the microstructure. The study provides a theoretical basis for subsequent research on
black rice gels.
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Table 1 Summary of enzyme single factor experiments

%5 By St BIEN Yo, RENH) AR/ C A A B i) /h
1-0~1-5 Fas 0. 0.05. 025. 0.50. 1. 2 42~44 2
2-0~2-5 R Bl 0. 0.05. 0.25. 0.50. 1. 2 42~44 2
3-0~3-5 A 0. 0.05. 0.25. 0.50. 1. 2 45~54 2
4-0~4-5 R R Bl 0. 0.1. 03. 05. 0.7. 1 50~55 2
5-0~5-5 BE ¥y 0. 0.1. 03. 05. 0.7. 1 45~54 2
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Table 2 Sensory evaluation standard of black rice powder gel
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Table 3 Determination results of basic components of black rice
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Fig.1 Pictures of finished products before and after demoulding
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Table 4 Sensory evaluation score of gel after adding 0.5% enzyme

AAbgEEFY(0.5%) AT & Ark Fhigs =F Ji¥e
EGbs 8.1°£0.1 .9.1£0.1°  9.0£02"  8.5+0.5° 84+02°  8.6x0.8°
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224  RIRBVER A 5AT

ASEIS AR, MR & EN 3.66 g/kg
CEH NY/T 2016-2011 #ll5E), HFE 5 HLidgms
4-1~4-5 v, RIEEEER T REKEMER G, WA
0.1%~1% s i 1= 1 3% i 3 A& R B R 42 o B3
(P>0.05), HHE /3 HIHEIN 23.73% 31.54%- 43.83%-
55.47%L % 59.09% . 1% A g & HH T SR & — PR,
TER KR Z RS0, BT PRI IR S
VIR, 6153 5 Z 80 1) SRR LS MR IR, KBEER S
HEANERNEE, (2 THRREKMEEER, E2W
TER T TR IERK , TERI AL L B B8 78 43 I HEA T 23
TEHE, I0oR TR A EE, I BT
B, MWRIREEMEH SRR, BEE RREER IR
BN, BERAMA R, NRME. BORGTE. PHEYE.
BII 15 R, AT RRK. X il B 7K
BRI s T SRR PRI, % B R A T
AT DA BEOK 26 2 o
225 HUFEVER AT

ARSI (1) B R, WA RE £ 4 1 = A HON
2.3% (LA, RA GB/T 5515-2008 y2:il5E ), H

x5 IS 5-1~5-5 TN, AAYEREEER S, BE
H AR INE TN, RERE 5 R T 20.76%-
31.79%- 37.88%- 52.80%LAJ% 53.80%, XFKHIAR
SERASARR, ERE S RS, R i R A
W T HKRR R, YRS IR D,
BN g i &, KRG AR S SISt AN B2 . A
FIAHRE B R, AHERME—MEZIEEY), 1EE
P4 PAgEZRMEIRS, AT MR A A RE Py i
VISR HRIFRER A GBI IR S 2 hE B R
KEEAR R Ny T A RT3 B e AR
Ik, RS A T e TR S kAT 1R
file, IERUER B E RN 20 | B MR R RaK g
K, BRATTVERIG o R E FIES FABRR .

2.3 bR R Ml PO (RVA) s 15 A& K

R P e TR JE S IR 3 e 28 R AT

PRI 7SI R 45 R AR 6. F RVA XN
ARSI LA KA I [FT SRR JE K A (o e
ol SR 6.

*o EQM. FRMEEMEMEESEREMMER RVATIELSR

Table 6 RVA determination results of the interaction of protease, lipase and amylase with black rice flour

%5 TngE % BERTE/min  EAEREE fop < BEALE p MR/  ARbE/cp  WAAE/p  BMLIRE/C

0 10.8+0.0" 1 530+40°! 5594274 971£13%1  1440+40"  881+13"  66.6£0.1°

. 0.05 10.8+0.0" 1 09766 382+22" 695+24°"  1000£70°"  618+48"  66.3+0.1"

0.5 10.4+0.1°! 75050 19020 560+30°" 54020 350+0°! 66.30.1"

1 9.50:0°" 595454 7734 51824 19194 114+6% 66.2+0.1"'

0 10.8+0.0 1 53040 550427 971413 1440+407  881x132  66.6+0.1%

S 0.05 10.840.0° 15244347 5443247 980£107  1412+147 86810  59.8+0.5™

R 0.5 10.4+0.0” 1212+32% 2504202 962+£12%  790+£10"  540+102  60.6£0.6%

1 9.9+0.1¢ 549+49% 79492 4704402 267+17%  188+8% 61.2+0.5"

0 10.8+0.0" 1530440 559+27% 971+13% 1440440  881+13"  66.6+0.1°

- 0.05 9.7+0.1% 332419 68+8" 264117 16811 100+13% 62301

0.5 8.0+0.1° 168423 4545 123+18% 1035 58+3° 62.3+0.1%

1 6.1£0.1% 5628 16£1° 40£2% 2014 4£0% 63.9+0.1%

0 10.8+0.0* 153040 559427 971+13* 1440440  881+13%  66.6+0.1%

- 03 10.740.0%  1286+56™  481+14™  805+42™  1314x16™  833+2™  64.5+0.5™

I 0.5 10.740.1* 1122422% 413+33%  709+11%* 12304207 817+7%  64.8+0.5%™

0.7 10.740.1* 1 000£20% 353+8% 647124 1132434%  779+26%  64.5+0.1%

0 10.8+0.0% 1 530+40® 559427 971£13%  1440+40°  881+13°  66.6+0.1%

03 10.1+0.1» 720+34% 140£16”  580+£34°°  466£16"°  326£10°  61.8+0.2°°

2{2{{—%@& b5 c5 c5 c5 c5 c5 b5
0.5 10.120.0 52030 8013 440+27 248+11 168+5 62.140.1

0.7 10.1+0.0% 423+25% 59+9°5 364£16° 15911 1004 61.9£0.1%

E: RRFEFATARREANZFEE (P<0.05).
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IR ks &t a1, fE TR
L, ORERE B S B A R R s SR I P O, R
FHZE 95 CHIGRBIRAME (BT 1%RIIERAN) 24
YA R R E R, R EEEET PR MR
B R BEES, ORG RE AR B — e R S S O& W . TR
AT EAKENER T REm kLR = 1EH, H
TR R 3 B R — e R o T b A S R
AR 251, (E7K P2 3G, SRS,
VER 10855 7K 5y F I ok 5, 3 B0 AT DAK &
WK JE A, 3 BT A R KA, RS2 A
I, ORI, BT K BT, B R RN 7
B J5 A H PRI R, PERE A IR PSRRI, EREE
Mo FHAE T AL, S8 M mEEE— P
J FhPE T

6 HiRBoR, B INEAR RIEERE . H1E
FHRE . RS TRFEZE (P>0.05), 52 AR
b, 0.05%~1%MIE ARG NENIHE. vEr i s ik
FIEAEREEE D HIFRAK T 28.3%~61.1%. 0.4%~64.1%.
78.3%~96.3%, FHEHKLEE 7 HIFEE 31.66%~86.22%
2.68%~85.86%- 87.85%~97.13%, ZAE K 43 5 P&
30.5%~86.7%- 1.9%~81.4%. 88.3%~98.6%:; T 0.3%~
0.7%FI IR . A4eRMRARIN, ST ArfmmLt,
KEEE S IS T 15.9%~34.6% 52.9%~72.4%, 2-Eiks
FE BIBEMR 13.95%~36.85% 74.9%~89.44%, ekl
FES AR 1.8%~21.4%- 67.6%~89.0%; WY i
R ARZERY, g R T R B R
TN AT DACSCGES: SRR AR I 28 AR FH i, BB n
AT R IR R L5 G /K I REJIAS 22 A AT Re & B D
NAHAS 5 4 R 1) BERHR (R B % 45 oy S AR K
SECRKRFEMBOKIER D, KRR

IR BE R, KA xof R 4H IR R A iR FE
66.6 C, WSINEEVER G WL I EE A, Ui BB B AR
VER s T AR R IR, B0k (R8T 5 s, hnid
TORGESE I AEL G B RN TE — B R I T g
BFIE],  Joebs TS0 T 1Yol ki h VA ) S, DA
R FE AR

* 6 FHREIR, BERINSEEAEE T 1.47%~
99.5%, FAMRE NF% 1.13%~95.8%. HAIfE& R R
PHAS T BB ek S HE A 7 B 45 40 2 P A
T EHBEERA AR, AR RE R A
R R R E YER A& S, AR, RIS
PR e MR, PUEAER, AR RN T R
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IR TE, A AR B NI AR E PR BTSN
—EMME TR, RROAIRENETEE
Pl

24 EBRSMBI R TAME LR
R T B AT ROR S RS . 73531

LT AR AR R AR BEIR DL AN T =i

PG BB i, RIS B 2 PR
i o) % o 1"

S

+ K

[ 2 RANMESIER BRI REK LK EAR SEM [
Fig.2 SEM diagram of black rice whole powder and black rice
whole powder gel without adding inactive black rice whole
powder
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£ 1-5. 751, WINARITEE A =4k 2-1 2 2-5 &5, K
e BEASEIIHE 3-1 & 3-5 R BINARKEE A
FAF 4-1 & 4-5 B WINALERTERFE N S5-1 =
5-5 Z50; M 1-1 2 1-5 RAIF LA, HindEEEE
BROR, LIRS — 2RSS, JCHRIINE] 2% 5
B, REIR T EBORRE, X 2RI 4t e 2 — Ve 22
FLIF R ANAN—, - I W H B R O BEOK 2 B
ARSI FENRITBEI S, M 2-1 2 2-5 RIIEIH
RS AAA S, AU B R E A T,
Xof R K BRI IR S M A B2 55 T B A g AEVE R g AR
N, M3-1 % 35 RAATLUE L, SRR T EA
AT, TN 2% R 3E R 6 1 FH IS B o0 2% T LR
HI— AR gy, RORESHLLELEEL, AV /MR
AUNBRL B S AL, AREERS, AR TEm 4
YR T IR i o 2 P 19 % 235 A L RS B A 22 1 7 A 1
SO s 2T 2 3R Ml VA 0 5 U b Bl A N A S ALL IR A FH &L
H TR EE R A InGR 7B M 2 45, T LAOEE
B R AL L3y —,  FLIRIRFERER, Ui
BER AR BRI



3 AEIBEIE R RISERK S HYELAT SEM
Fig.3 SEM diagram of black rice whole powder gel with different enzymes
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FAHEELES], AT ASGE oK A& T

EBARERTE

BRI R, BRI A RIE(EREE . 23
ERERE. ZERGRE. AMRME. IR ANRIRERE I TR,
HA IO SRR 2 . BRIV I AT ASGE FoK 4
YRR AR AT, TN A H A SR e
RN, ERGEEMTER . ISNEECE AR
TEMMEAL LS, SRS BRI, HRE IR
28 SR —PEDRSS s SRR AN GE 1 BRI
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