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Effect of Black Rice Spent Grain Addition on Quality and
Physiological Activity of Steamed Bread

JIANG Mengying', ZHAO Yiming"", JING Minge', CHENG Yu', ZHAO Ruonan',
HANG Hua"", SUN Haohao’

(1.College of Life Sciences, Anhui Normal University, Wuhu 241000, China;
2.College of Food and Biological Engineering, Wuhu Vocational and Technical College, Wuhu 241003, China)

Abstract: Compared with the wheat steamed bread, this article was to explore the quality (color difference, structure,
texture, sensory evaluation, etc.) and physiological activity (antioxidant properties, in vitro digestive characteristics and
glucose production index) of the steamed breads with different ratios of black rice spent grains (BRSG). The results showed
that BRSG had significant effects on the specific volume, color difference, structure and texture of steamed bread (P<0.05).
When the BRSG addition amount was 5%, the BRSG steamed bread had better morphology and odor and taste and more
popular than those of wheat steamed bread. The polyphenol content (0.066~0.088 mg/g), flavonoid content (0.266~
0.379 mg/g), DPPH radical scavenging rate (25.1%~70.4%) and ABTS" radical scavenging rate (37.4%~71.6%) of BRSG
steamed bread increased significantly (P<0.05) with the increase of BRSG addition. Meanwhile, BRSG could improve the
content of resistant starch in steamed bread, when the addition amount was 15%, the content of resistant starch increased by
1.49 times, which could be suitable for the preparation of resistant starch products. In addition, it could lower the glycemic
index and apply to the preparation of auxiliary hypoglycemic products.
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SEOKIPGAE LB 2K A w R (g 3
Hh . REERLE e T 20, S Tk, i 80 H s i
¥y EdetoZZ IR S/ N Ry Ry 2 BHRERE R
A B E] AL ER TRk B i A B H 5 A
M . DPPH. ABTS. 3,5- {3 /KAZ AR . K,S,04.
Na,CO,. HIEE 2Ry WA YRH A RS Al &
TR T a-TERBIEE(20000 U/g) | #520E  FE Rt
IRTEA YR A BR 2N W) 5 D8 Ay #0817 i (amylglu-
cosidase, AMG, 100000 U/g) . B HE(12000 U/g) .
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A AT A IR DS ANEST; XM-PO6H JCZ i T
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ALLEGRA X-15R B.0o L Dl 58 = B2 SRR R 52 (R
VA R F]; FTIR-650 {8 L - A28 2T 4 SC A (75
Fl) RS ARHE A A B 2S 7] HP-C220 R %5 (4,

254 VA ) R OG 2EAER A BR A F] 5 JSM-
6390LV T BiMEE H AR NS4 DW-
HL398 IS Uit feda  HRISEZEIERMHE B4y
HFRNF]; CES46A WAL EL . FTER . BN 414K
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1.2 XWFHE

1.2.1 123HIME R IR SR MR B
#1(0%. 5%. 10%. 15%) 5/NEMiR-G, 3 an ~Ed
J7(g): IRE M 300, LB 3. 7K 150, il i Hl .
KWE(3S °C, 2 h), KA B2 560 1 ERH 30 min, 12
K _FERFE 15 min JE B, BRI, LIRS ERINSE KT
ARSI X R . BRSNS, Pl A, BT 80 C
ABARIRVKAR TS 24 h, FRELES IR T, oMl
(=SS Vi

1.2.2 BYEVHY ik 24 Bt Tl Igrri N B gH
BB VA N, o B A a5 12 A, AR IR X R Sl
20~45 %, FEYRAT 2 h PN, FEIEER 1 BRI, 535 AIE
. OPE AR S TR T A SR KT A e
SLBEFTREATY

1 RIS S

Table 1 Sensory scoring of BRSG steamed bread
e bR
15.0~11.157: (8 LAEL BT, JEAS5ERE, REDOUHA 85,
TCA A B G
Y2 11.0~7.65%: #ES JE— i, F A/ REALEL, G
(1543)

7.5~4.155: SR, FHARHURTIRS
4.0~057: JEA 22, i -, ANXRR, AT bk
15.0~11.143: ¥5)—34, R
o 11.0~7.653: ¥51—3K, JGiF BT

(1553) 7.5~4.155: CPRERHA ), SR RE R
4.0~057: BIOARYS), SLikE2
20.0~16.147: RE [ BN AT HE A& A o, o5k
Sk 16.0~12.173: fit [ B4 (T A o I A, TG Sk
(2043) 12.0~8.14: AEM Bk MM & Ik, 45 S0k
8.0~0%: VA HH L (RIS Ml % A I, 7 Sk
20.0~16.143: FFGI, SFLYA], VIF 5 ARBI, Johais
16.0~12.15%: REZEOGH, LB, YR EAREIE,
o F AN B
(2048 12.0~8.143: FRA /NI, it i, 2048,
Y1 )& W g ety
8.0~043: UL, ZALENE, JCoirt, ZORARYZ),
0o B, VIR e Wi ik i 4
30.0~22.643: FHaHE R AT, A B E),
NG FE AR 2
(35[)% ) 22.5~15.14%: FAEH L MRS, me s — M, nHIgE G 36

15.0~7.64%: FAEIREAE 5, MHIE AT | 18348 O P ioT
7.5~0%: TAG T RIEIEHAE, &k, mezhiy 2

1.2.3  HARFEPRIE

1.2.3.1 LhgEMIE  FIFHSOFA 2 02 Sk AR, IFFR
EESL BT A, RS BT E 2 LRI S 8 Sk i L 2%
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1.2.3.2 @A2ZEWE RS 22002 1= S8 0
2=, 2B VR HE AR TROE, ME LY. o™\ b7,
L™ FRoRWARSE, a" FRoner g, b Foniilh .
1.2.3.3 ZMEHGHT  SebIBrmonmn i sk gkt 7
YIdaa] 12.5 mm JEESK A, (6 HEOCE E L §T
Ep . BB F — AL R4 FE, 7E Image J K
b PR -, MR 10 mm BRE LR 15 B K AR R
S 10, B3/ mm, i & Area. Perimeter. Length
3ASH, X S TE AL FL A EHS LY AR
3 MHEGRIEL T4 T .
1.2.3.4 Mg taIE e B T HEM s
Fon b, FHEEBRIR 508, Ja U Tl a2,
FHFEHEEET F, 7E 100, 500, 1000, 2000 1R IAS
B
1.2.3.5 JiAgME B ZEHIBORT a8 Sk 4 bR YD)
Bkl B ] 25 mm JEA A, BUERIRSK TR, 3
FEIMRF EALEE 9 10 mm; MRS A TA/36 A1
3k MR AT EE =R 3.0 mm/s; P EE 1.0 mmy/s;
IS EE 1.0 mm/s; BF[E][E]fEN 5.0 s.
1.2.4 PrEferEaenl e
1.2.4.1 WERBORMIHI 2 FREL 10.0 g 238000
AZ| 100 mL 80% B, 7KiYRE (37 °C,2 h),
AT S PEEL(37 °C, 15 min), B5.0> (2500 r/min,
10 min), b3 B FE S HEHOR
1.2.42 ZW&EME KA Folin-Ciocalteu 1l
AW, HERFRIBURE MR B 0.5 mL, 7EIRVE KK
A 5.9 mL 80% HH B WX . 1 mL 4 MK i i 5] .
3 mL BT R BEE R 20% PORRRENVS W, Foor 1R 2, hE
JEHFE 1 h, T 760 nm FIREM G . DA N
HEAB AR . P TR & (mg/mL) N R il bR
mh £k, 45 2 [\ )3 7 2 8 y=121.63x+0.0574( R*=
0.9948) . LB ETIE Y5 (mg BEET1£/100 g
TR R
1.2.43 wfi&EIE SR NaNO,-AI(NO); J7ik
MEN, AERE PO SRR 2 mL, A A
0.4 mL JTHEMEER 5% MIAMIREN, IR 5JHE 6 min
J&, A 0.4 mL Bk JE ol 10% MIAHARES, ¥257, &
H 6 min, FIIIA 4 mL JTim ik 524 40% YA E 1L
N, /K EZS, 3547, HCE 15 min, T 510 nm AL{5E
WeCREAE . LAMSGREE R A bR . 7T & i (mg/mL)
SN AR BRI AR HE R, 75 3] [BE 5 R R y=13.5x—
0.002(R*=0.9944) ., L5RH T M= (mg A 1/100 g
TR A
1.2.4.4 DPPH HHIIERREI G =% Xiao 5"
A 7 325 I OmE fois e . MERR BT 0.125 mmol/L
DPPH [ FHEEH R, B 2 mL AL 320K S 2 mL
DPPH H i 3 FF B v abs VR A, G E 30 min,
LI B DPPH H FH SR B A EXT REZH, L 2 mL
ZENRIKVEZS AZH, 7E 517 nm B4 52 U 5GIH .

DPPH H H1 3 E R (%) = (1 - A‘; Az)x 100

A (D
X Ay N FEIB K S DPPH K7 1Y W6 B
A, HEETREGE S DPPH UGS ; A, SRS,
PRI H B G
1.2.4.5 ABTS' A HIIERAENE =% Xiao 441
AT RIS B A . Bell— 2 Y ABTS ¥
K, S,04 WA ABUR A, TR . #OCHRF iR
B 12 he MERT, FHZEME/KFGRE, 76 734 nm P A4b
e SGREE A 0.7+£0.02, HL 0.4 mL AE R 3EBUK S 3 mL
ABTS FIEREANR A, TR IRGIRAG, HER%
4T G E RN 6 min, DL s R BGR A X) 1E
ZH, F£ 734 nm PRI E TR GAE
ABTS' (BB 5% = 222 x 100

0
X Ay WHEEYS ABTS I ASEEE; A
PEMIEEOR S ABTS =5 190 GRE
1.2.5 MAAMEALHEREN
1.2.5.1 FAEFEbRAE L g HI & SR 3,5- A3k
IKAG R A A e BEA R vE I 2R o FEAS IR 2 5 2
A5 1 mL 28687k . 3 mL DNS i FR G, Wbk
W 5 min, ST BV TR IR /KA, 4008 N2 48
JKZ 25 mL, 4R A), FHZS BAF R, 7E 540 nm
A 2 W G, LA 25008 2 1 (mg/mL) A AR R, TR
JCEE AR, il izt £k . 1580 e
Sk y=2.3476x—0.0033 (R*>=0.9970) .
1.2.5.2 BIEMEENE SHEPKAENS Hums
e, B 3 g B3Iy RE S, BT 250 mL #EJEE P,
BBKYS 15 min, B HIZE 60 °C, A 20 mL JEM G
W, KGR (55 °C, 1 h), B0t g, hilfsas FOp R I
W, IO S B R R 3,5- ANIE KA PR
BB AR (%) = FERE =5 % 0.9 A (3
1.2.5.3 PordEiEs & il =8 Du 7 5k
FEIMPAVEEE, 5 1 o/L BRAGUR . 1 g/L TEM Iz B 1T Tl
FHE 1:3 B ELBR A, B5.0>(3000 r/min, 10 min), AJ
HIFIR A B . PREL 0.5 g t2 LK), InA 10 mL
pHS5.2 BYBSIRENGE R, S 05T, N A 3 mL IR G EHUHE,
IKEIRTE (37 °C), 4E 20, 120 min £b43HJHL 0.5 mL
KR, ST BN 10 mL 75% B9 2.0, B5.0-(3000 1/
min, 10 min) . _IEWRTER & Sl e 7k 5 B e &
HE R A
(Gy —F5)x0.9

7 (2

o, —
RDS(%) = — s x 100 W E))
SDS(%)zwxmo & (5)
RS(%) = 1 -RDS - SDS X (6

= RDS o Pdt i Ak SDS i il feie



%453 55 13

VIASSE |, A5 SRRV X1 Sk it BT A A G P 5 <119 -

s RS RPitEiE s TS SN BATEN & &, mg; Fg N
R R 2 BE BB, TT AL 0 mg; Gy, oA 20 min &b
EPE T, mg; Gy N 120 min A AGHE S &, me.
1.2.5.4 7 makA g dr =M Goni 5" 197
EIFINDAVEEL . FREL 1 g 18385, I 20 mL pHS5.2
FOBE PR AN ZE ph, 2900, I 3 mL 1R AR, K1 TR
% (37 °C) . 4rHIFE 0. 30, 60, 90, 120, 180 min 4b
1 mL KA, SEREIINA 4 mL JG/K 202, 3 mL 28
1K, B0 (3000 r/min, 10 min), i8R TER S &=l
RE T35 BERY E e A ] . TR o A Ak
FEEAT A

HURF AP ST AT B 25 % 0.9

BVER &

TERIRIE R (%) = 100
X (D
LITER K 235 (%) SN AL AR, B A] (min) Shy 4k Ak
gzl B2k o T3 AE & NS B S (i) 7E 0~
180 min PN YE 3 7K ff: HH 2R B pl i T AR, 75 H AR A e 10y
IKFRFEEL(HD) . A5 i T30 i A2 e 2 (EGD) o
T b U A7 AR 1 2 1 Rl P T AR

HI= - a 2 (8)
Z: BRI 7K 7R o 22 ] e 1) TR AR
EGI = 0.549 x HI + 39.71 = (9

1.3 #HELIE

] BB IR IEAT 3 IRE K, LR R
PIE R AEAR 25 TE XSk F N . {F ] Origin FME
B, {6 Image J B34 700 i 2 &5 44 537, A5
SPSS 25.0 F A 725 53 B S HT, P<0.05 RonA
wEM2ER
2 FR57Hh
2.1 ERBEEELRETN ST

SR B 35 4 AT SR AT A 1 Sk 1) SRR REAE, 4
TNRTAS [N I0 2 BEK TP RS Sk TR S L s UBR
FER DL R tH U T3 5 P45, a5 R E 1 fias. 24
SECRIFRE B INE N 5% B, 128303 L SR, ey
A, TEARTE A, 728 A T AR o FeioR, 25

)B?& —u— 0%
26 —o— 5%
—a— 10%
—v— 15%

A S
1 SRR Sk R
Fig.1 Sensory evaluation of BRSG steamed bread

EPFrrs, BB RS2 . YRR G E R
T 5% 0, Z 07 Vo3 R R, BRI R 11RO
HE . BORER .. RIS IR SRR E S, R AT RR
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SR R 50, (R R, iR FRE.
22 BXKEEIELLEA S

T A H IS & 4T 4, S0 /08 [ SR e JE i
a-TETELE AL, T 55 Ak AT T A P 25 25 AA U, | A 2
T, B FEKTPG RS Y S 0 B (A 1, 1Sk LU 2 S
B N R H(P<0.05) . HSEINE N 15% B, 18
Sk b2 /)N, A7 2.038 em’/g. HUE K AT B2 BE KT
R R e iR DI (RTETR Vs e RETETD i = O N =) A
S P2 25K, 1RSI R SRR, ARSLEG 45 5
TR T gl IR —E

261
25+ b
_ 24t
=0
‘E 23F
S
22}
= d
2.1+
20F
1.9

0 5 10 15
KRB I, (%)
&2 ROKIRETE S A L7
Fig.2 Specific volume of BRSG steamed bread
TE: Al — s AR T RN 22 57 B35 (P<0.05); 4] 5 1]

2.3 EXRBEMEELBESH

ke 2 pron, DUBOKIDRE AR I 2 0% 1l =k
VEXT B&, ST REATPDRE 1182 S 20 4 BE IR, SR EL . IR
WL, P A 22 S I L e 2 25 5 (P<0.05) o X ATRE
L RIS A YRR A OC, R ARG
FLE LT, AARSRAYAE (RE 1P, dLn] e BRI
S A BRSO, TES IR R, B Bk
A FEREAL N2, A AR S (i

2 OKIWIREIE LAY (22
Table 2 Color difference of BRSG steamed bread

Sk

VR (%) 0 5 10 15
L 70.72£1.42"  64.21+0.84"  65.18+1.26°  63.16+0.30°
a —-1.70£0.36"°  —0.26+0.74*  —0.23+0.75" —0.46+1.38"
b 3.76+0.86°  6.44+1.05°  5.89+1.10°  5.78+1.22°

TE: AT AR T REROR 22 53 1235 (P<0.05) 5 351

24 EBKEEISKEREHDH
SRR 78 S 20 LA A B 1 1 -, an el 3
JI7R o Bl FEASPIAE BIE AE TN, 1k N AR LaY T
AL LB AIFLARIgIE I . anse 3 s, s
T 15% If, 18 Sk OSSR TR 3 SRR S SR
HR R ORARL, &5 & RSP Sk 1B E PR ST, 1tk
P S FE T R, Bt i, VIR AR, S EcH
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3 BRI RS Sk ORI

Fig.3 Laser scanning picture of BRSG steamed bread
2.5 FBRBEFEE LMY

SRR RE AR Sk A TOILES #4, anEl 4 Fros . BEAE
SEORTEDRE S IR A B0, =k O MOMSS A A2 T 225
AR d LI T LR Y, 1SRk R, I

23 BEORIERY N S 72 LA #A) ) 5 M
Table 3 Effect of BRSG on the macro structure of
steamed bread

PEOKHY

R (%) LA (mm?) LA (mm) FLEA R (mm)
0 0.947+0.694° 3.476+0.946" 1.170+0.339*
5 1.808+1.020° 3.781+1.077% 1.259+0.495"
10 2.068+1.414%® 4.40242.008% 1.279+0.403°
15 3.067+£2.018" 5.562+4.326" 1.471£0.516"

TE: W — S A Rl T BER 28 53 .35 (P<0.05) 5 32417 .

ek G B, FREECN G MG BRI ARG =19
B, 1B IR/, G5 GAARL, SRIEHESE . JREAT
BB FRATPRE v T & A IR B R 4, R T 1S iy e
103 28 2tk , FLIR AR 22, i IC A AL VE MY B L4 5]
FRE G4, DT S350 A oA 2504
2.6 FERKEEELFRMATHT

18 S A FE bR AT R | e L ALV L AR
B, 18 Sk AR 32 S5 nH M 548 Sk i BT 2 R OG,
PR [ A P T N B S R Sk TR SR IE AR DGR
2% 4 iR, FEAE HEOKIPDRE S N (X 1 i, 18 Sk 1 Ak )3
M (1041.036+35.718) g HEHNFE (2012.682+47.642) g,
N W PR N 764.641+6.249 HEHN ] 1650.171+55.788,
PP 0.85620.005 FEAIRE] 0.752+0.004, [ 52 14 A
0.650+0.01 FEAK £ 0.593+£0.022, N 2 M 0.951+
0.013 [FfKE] 0.861£0.019, X AJ A2 B AT K h 1%
BLYE o R, LT YRR — PSSR Sk WA TR R
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Fig4 SEM diagram of BRSG steamed bread
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Table 4 Effect of BRSG on the texture of steamed bread
SEORIGAE AN I (%) Rz (g) % (mm) NI EF-d R
0 1041.036+35.718° 0.856+0.005* 764.641+6.249°¢ 0.650+0.01°* 0.951+£0.013*
5 1133.685+18.507" 0.834+0.01° 798.642+19.268" 0.628+0.005° 0.925+0.006"
10 1168.404+8.266° 0.803+0.017° 855.635+29.228° 0.614+0.005" 0.912+0.005"
15 2012.682+47.642° 0.752+0.004¢ 1650.171+55.788* 0.593+0.022¢ 0.861+0.019¢
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Fig.5 Antioxidant activity of BRSG steamed bread
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Table 5 Starch property table of BRSG steamed bread

KA
%Tsugﬁff) 0 3 10 15
RS 5.61£027°  7.58+0.38°  8.73+0.65°  14.00+1.18"
HI 67.85£0.49"  59.98+2.64"  54.45£2.59"  45.73+2.86°
EGI 76.96£0.29°  72.64+0.57°  69.60+0.64°  64.82+1.30°
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Fig.6  Starch hydrolysis of BRSG steamed bread
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