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Abstract: In this study, different black rice beverages were prepared throughenzymatically hydrolyzing the macromolecularprotein,
cellulose, and starch in black rice beverages, and the effects of different food macromolecules on the stability of anthocyanin in black rice
beverages during processing and storage were investigated. The results showed that the degradation of macromolecules during enzymatic
hydrolysis caused a decrease in the retention rate of anthocyanins, and the highest retention rate (62.88%) was observed withthe whole grain
group without added enzymes subjected tothe same heating conditions. After sterilization, the retention rate of anthocyanins inthe whole grain
group was 17.62%, which was higher than that of any of theenzymolysis groups. The sterilized samples of each group were stored under
different lighting (ambient light/light-proof) and temperature (4 °C/37 “C light-proof) conditions for 10 d. Except for 4 °C light-proof conditions,
the degradation of anthocyaninsconformed to the first-order kinetic equation. Compared with the anthocyanin aqueousextract, the half-life of the
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anthocyanins in the whole grain group and each enzymatic hydrolysis group was prolonged, withthe half-life of theanthocyanins in the whole

Modern Food Science and Technology

grain group beingthe longest, which was prolonged from 4.31, 4.72 and 0.76 d to 8.99, 9.65 and 4.09 d under the conditions of room temperature
andlight, room temperature and light-proof, and 37 ‘C andlight-proof respectively. Although different degrees of anthocyanin degradation took
placeduring storage, the antioxidant activity of black rice beverages was significantly reduced only under conditions of light-proof and 37 C.
These results suggest that protein, dietary fiber, and starch in complex food systems can improve the stability of anthocyanins during thermal
processing and storage.
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Table 1 Basic components of black rice beverage treated with different enzymes

BEA F&°
A T mm e R(mgml) EORAMRES  BRARSEY% R E%
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Table 2 Effect of enzymatic hydrolysis on active nutrients of black rice beverage
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Table 3 Effect of sterilization on active nutrients of black rice beverage
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Table 4 Degradation parameters of black rice anthocyanins
under light under different storage conditions
fgAt A R*  k(10%d")  ty

254 098 7.71 8.99

EAOBE 096 8.22 843

FRAE FYEeR 097 7.95 8.72
EAYEEE 0.96 10.38 6.40

Ktk 0.99 16.06 4.31

54 099 7.18 9.65

Eabai 099 7.95 8.72

Rk YRR 0.96 7.68 9.02
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KiLk 099 14.69 4.72

A5t 0.97 16.95 4.09

ZH R 096 17.98 3.85
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T RE ty 252 3 R UORHEE TR B, A 2e
5 BRI LG, FEAR ) 40N 16 G (0 A B
18, PREHIGE K, 753 IRCIR A T S4B ORI
OF LR HREVINN: WA > ST AERR L > R
FT B AALE > Ve R BB AR 4L > KR, o T B % F %
OH SR ACRHE G B K BN A : S > 2T
Y8 Tl AR 4L > 2 1 AR 4L > v R AR 4L > K B
37 CROGEMF T B EKYOBE t 5 1] oK F
INA: A > R AR AR > LT REAR A > e T
AR > KSRV 5 SR R 20 1A R T AL B 1
A7, BARRULEM R AE (R e P B R . T
BB S5 RS0 TR T e ek B R 14 2 S5 T i
Rl TSR R RS T 5601 2 WA EAR
FAIS4M T BN Chung 25PHR St T ILIH & 1 L A
RSP T Er RS T ot PRIV 7, thR
HUBS AR CORMA 22 of T R4 T IRAEAE 7T LA i e
TEAB A R AL A e . 7E 9 IR S 1 F %4
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FRORYORHE EUH 1 B R BRI N A
BERERER, XRVDCEAR T BRI OH
5, 5 Lin PS5 BN IR AT LA
B SRR ORI 0 1) B Al R e B IR
SeEFHEAN, R SRS PR EEH R NE, XM
XA i — 50

24 7[R A PR T M R AL R OR OB R

B oL A 1 B R

241 TRV T Bl ERMAE
B b %7

3 5 113, KK 10d J5, 7E 37 CEOLAMT,
FAHBRYORLE T TRt BRI L AERG A
TEREEARZ ) 274.81. 35159, 336.74 ug GAE/mL
% FR# % 235.48. 267.31. 245.59 pg GAE/mL

(P<0.05), ®AMATHEENE, H
340.96 pg GAE/mL &% N5 265.12 ng GAE/mL
(P<<0.05). MyEMIFRAE 4 CRIE R T ismdnsk
BIUN, BT HARE s A, T 37 CA
FIFEy IR RS . X EAE T, FERYIR IGE
ETERDCRE TSR, XA RER T 2 M L B AR
TR IRAE C e PR 5 R 25 T 32 5 )

242 KR T B 28 R
FATE PR oh)

AWFIEA T ORAC H HHFETEMREE S RITEIN 2%
TR %A S ) BEOK ORI TR TS 1AL . ISR 6 mTAN,
Tk 10d J5, TEFIEDGH. iR, 4 CRRAtE
TEAMPUEMIEER KA BTN (P>0.05), i
37 CEOLKMF T, WA, ARG AR
TENIRRL S ) H 7.16. 6.90. 7.35. 7.13 pmol TE/mL
8% P& % 5.71.4.88.5.72.5.57 umol TE/mL(P<<0.05),
X5 Ry SRS U 37 CA&M FHEL
TEVERIBEAICAT BE 2 T S M & SRS, X 5T
PR 0 KRR P B2 5 —%. - Estupinanth
KIN, TEZEHRARBAIICRH G AR, L fbRE
TR 5 My S B RN KA. Sui B8 Tt
TR R T &R &30, 4 CHI 25 ‘CHY
il AR BE S KT e TR AN K, AAERG A
T 45 “CHI 65 CIIIPTAEALRE T W N, X UEEALE
OERPEENR BT A REFRMITHTE R
A S VAT A M .
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®5 TEMEEFENG THEBRINECHNEHSE

Table 5 Total phenol content of black rice anthocyanins under light under different storage conditions

fEAE S g GAB/mL)
0d 2d 4d 6d 8d 10d
A4y 340.96430.20° 340.81416.48° 341.7744.62° 327.601390° 324.61426.17° 3255542467
- EOEaRT 274814438  273.014.57° 265.87429.33% 271.7941.06° 267.4941128°  2659116.36°
SR 35159422407 352.0247.28°  3554440.06°  324.6728.60°  321.78#4.85°  320.8641.64°
A 336.7443.03°  3355946.09° 3285243.90%  328.344556™  328.3145.08%  321.29#4.85
A4y 340.96430.20° 3425742261° 341.32410.08° 339.95:#17.93°  339.7549.71%  337.73:13.56°
P EOEaRE 274814438  2765042.94°  277.62417.69° 269.38417.79° 27393415187 278.09:+19.81°
SR 35150422407 338.52:40.31° 334.2542.91°  337.2643.52°  344.15413.29°  337.2643.52°
AR 336.7443.03°  330.0543.66°  335.3944.00°  336.1742.22°  337.6142.42°  334.9744.92°
A4 340.96230.20° 339.72423.40° 336.1941043%  340.19420.72°  344.74420.05°  335.6948.87°
LCEA FOiiE 274813438  276.82429.00° 271.4749.89° 2751044501*° 269.43587°  267.664.77°
“FepBafg  351.59422.40° 356.34421.17° 350.8840.58°  340.8946.22°  345.0745.00°  343.0146.07°
AR 336.7423.03°  333.33210.32° 330.3143.68°  326.79423.23* 330.24#11.01°  327.3544.93%
Ay 340.96430.20° 331484926 322.41#419.42° 293.67+4.93° 270.07H1356° 265.12424.69"
— EOBHE 274814438  273.98415.81° 260.01.05°  254.2043.61°  234.6145.04°  235.48+11.02°
SFepBafg  351.59422.40° 320.162579° 277.10:0.00° 270.8646.34°  264.3010.01°  267.3146.65°
RANEEM  336.7443.03°  287.394353° 244.79412.81° 24583+1941° 241.12410.19° 24559+19.00°
E: AR AMART, B ug GAE/ML Zk4kH, Fl—ATRRIFERTA L EMEF (P<0.05).
6 TEMERSM T EEERRRTEEE AT ORAC SEIE
Table 6 ORAC activity of black rice beverage under different storage conditions
ORAC 7&##/(umol TE/mL)
TR AA 287
od 2d 4d 6d 8d 10d
5 7.1640.61° 7.3340.48° 7.5440.72° 7.8140.72° 7.2440.80° 7.5040.32°
- EOEE  6.9040.28° 6.68-40.32° 6.64:40.54° 6.7240.45% 6.6340.12° 6.60+40.67°
Yol 7.3540.75° 7.2140.44° 6.9440.77° 7.0340.29° 7.1340.27° 7.014.20°
RANEERL  7.1340.69° 7.09+.07° 7.0940.26° 7.75+.06° 7.3240,34° 7.2740.08%
A5 7.1640.61° 7.3640.51° 7.8140.60° 7.16:4.00° 7.2940.65% 7.4940.42°
— EOBE  6.900.28° 6.99+40.43° 6.8940.52° 6.7840.67° 6.7840.10° 6.69+40.60°
Y eBsfg 7.3540.75° 7.3140.46° 7.0940.74° 7.2240.49° 7.0740.49° 7.4520.48°
RANEERE  7.1340.69° 6.79+1 53° 6.930,33° 7.2340.87° 7.4640.60° 7.2340.16°
S8 7.1640.61° 7.5840,52° 7.7740.38° 7.690.18° 7.3240.79° 7.5140.28°
-y FOEE  6.9040.28° 6.9740.53 6.8140.50° 6.74:40.66° 6.7840.06% 6.7640.48°
Y ifBafE 7.3540.75° 7.09+.04% 7.3440.46° 7.37H.17° 7.4340.61° 7.504.12°
TR 7.1340.69° 6.720.85° 7.1640.95° 7.8540,95° 7.2640.30° 7.3840.31°
A5 7.1640.61° 6.84:40.35% 6.3040.50™ 6.0940.33° 5.7940.25° 5.7140.31°
—— FOEE  6.9040.28° 6.3540.33"  6.2240.32°  50540.33% 5.6340.30° 4.8840.37°
YFemhfE 7.3540.75° 7.164061°  6.6040.46%°  6.4240.27% 5.96:40.31° 5.7240.23°
WAEHE 7132069 6.29+40.38% 6.1441.23% 6.0040.30% 5.9140.45% 5.5740.33"

i AFOLERMAT, B ug TE/mL ZAMA, Fl—F7 R FEAFH LM EFR (P<0.05).
VERD 70 Sl B AR ) £ AN R R BECK ORE, IR 7T T 2
St A & 2] BRI HE (e e MER LA AT
PERAR . G5 RER, TEREE R T KT ke

3 4hip

AWHTOR AT 'YK TERAR 4K,
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PRS- B AL SRR ORI 0 DR B A I TR AT #4
KeBEAINBEI . K e R ARl 24N
fZE VERRE R ITE B R I T 2 A,
TERBEMRAL AR, KR R B e e
BRI R, HARZ, RERAYEREE. 2
LR KR JRTEOHERIR T 80% LA L, fH 60%(1iHT
EHEVER AR, BT H IR YRR B
PRI KK R S HAE s T ARIRE (4 °C
BOL. 37 CEDE) MG CRiREDE. Wik G E
B f#ER 10d Ja, 4 CHFAF N RABKUCRHIIE G H
SREEMEE, HAFE N SHRIEOHE IR
FE— W JIFRBIRHIE . AR TAE O H KR, 4
BYHMS A E O R E R Y B A, &
BRI O IR R R m . AR K55
FE LR AR IEE A AN 1A 22 57 ) RS PR T IS R 300 B
YR T S Z AR AR R A 501, Bk
RUER e R MERIR I ROR, XA T
ORI S R s . AU R T BRI AR
ANFIREFERI B, (R RRES PRI RO RS
PEAAE 37 "CROGHRMT T RFER, X5 EHE RN
B2 BT ERER, AR AR RO
REEUFOR B DIRETS L, BOKYORI PR 5T R4,
TERIAER RE S A L IR E Tk
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