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Abstract

This study developed a novel anthocyanin-rich nutritional meal replacement powder using black
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glutinous corn as the primary ingredient, complemented with black bean powder, black sesame pow-
der, and pumpkin powder. The formulation was designed with sensory quality as the evaluation crite-
rion through single-factor experiments combined with response surface optimization methodology.
The results indicated that the optimal sensory characteristics were achieved with the following com-
position: 55% black glutinous corn flour, 10% black bean flour, 16% black sesame flour, 16% pump-
kin flour, and 3% maltodextrin. The resultant product exhibited superior reconstitution properties,
uniform color distribution, pronounced product development of cereal aroma, and mellow taste pro-
file. Notably, it contained anthocyanins at 39.7 + 0.01 mg/100 g, suggesting significant antioxidant
potential. This research provides a reference for product development of black glutinous corn.
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BIE T K (Zea mays L. var. ceratina){E RNFFF B GFT, IR ORI E &R F5H 2-3- M A%
WHEREYR, SERNAETIEETKM 1.8 f5[1]. WK, BIEEARAEEREALEN DPPH A H%E
THEBREEIIC50 1.136 + 0.391 mg/mL)HM o~ % W5 E BRSNS T, T MBS, §U2% 5577 1 AR
[2][3]. 2T, H AT E KN THRHZ R TAS 8 kR KER), s B D ae i & S AT
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2.3.2. BEFRRE

1) BRRE B I BN & 5 5

[ e RSOk . SRR OB A SRS BRI 20 0 15% 10%. 12%H0 7%, LLidif J5 404
R PR A FER, REUBRE TR ISR N 35%. 45%. 55%- 65%Fl1 75%, HEAT BRI ZRiA5 .

2) RIS INE XA R R

] 52 FEAG oK RRZRRY . R TOR A 2P RRE R N & 73 700N 55% 10%- 12%F1 7%, DL G
AR T VAN TR, IR ERRINEN 5% 10%. 15%. 20%F1 25%, 475K IR

3) BZRMHRINEXRER R

] 58 PR oKk . RE SR TR R 22 2R DS VR N & 20 ) 55% 10%. 12%A01 7%, L JE 4R
B WECE VRN TR, BB RN IR 4% 8% 12%- 16%A1 20%, HEAT B &R .

4) TR B ARk W J3] FRT B )

[E] 72 AT Kok . BT RO I RIS (IR I 2 B 55%. 10%. 12%F1 7%, LLIPif fEAR
BRI E VRN TR, RTINS N 4% 8% 12%- 16%H1 20%, HEAT H KRR .

5) ZIFWIREERIEXT AR R

] 5 PR oKk . RE TR B TOR R R Z ROk AR I8 23 R 55% 10%- 12%F1 12%, BLiif fE AR
BN IVRE VAN e bR, I RIS IR 2% 3% 4% 5%A1 6%, HEATHHZER5K .

2.3.3. Box-Behnken R E@ {1t 38

TRYE L R SLER 45 L, R oK (A) M (B) B8 Z M (C) AR JTUR (D)X DY AN WA A Jk
BV s i E R 2, FIH Design-Expert 12 #4317 VU R 2 = /K~F ] Box-Behnken #1156, {36
g 1 R AHEE 3.

Table 1. Factors and levels of the Box-Behnken test
%% 1. Box-Behnken iR F &5k

NS
7K
A BRI INE (%) B M SR ININE (%) C EZ MR INE(%) D ® M8 I & (%)
-1 45 5 12 12
0 55 10 16 16
1 65 15 20 20
2.3.4. BREVENIRE

T B TR SR (B R (B v ), € TIRVEVE R . 1 10 B LI s
PN BRAE R 2 IOVP b, RSN, LU i rE & DDA bRt AT Y, JFRABT AR
NP A N I A AR . OB PR AR AEVE LA 2 (7] (8]
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Table 2. Sensory evaluation criteria for nutritional meal replacement powder

%2 BERREROREITSE

fatbn o bRt IHE ()
‘ K, (hEESE) 16~20
%ﬁ K, OEAS— 11~15
=R RA B uRE <10

FHREIE Y, NCIEIAE, bk 16~20

%ﬁ HUREE Y, SR 11-15
R R B e, ORI R <10

B RIRAR 16~20

2? FHRA 11~15
BRI R %, B HoAR S vk <10

M5, Todsd, TREFRY 7~10

ﬁﬁ§§ WY, RS, A 46
LRI, sPi%, W RBRY) <3

- MRRBCHPIR, ERER LY, A2 21~30
ﬁﬁ? PRIRAHIR, AR 11-20
HRRER, A RES)E <10

235 BREREFRENEFRRS SN REBTRIENNE

1) EFRBS o

MBS R, EARSE. BEE. BT ES52% GB5009.7-2016. GB 5009.5-2016. GB 5009.6-
2016 1 GB 5009.91-2017 #EATI5E, S GB 28050-2011 ( Filfo % & 5l B FRbr 2B , #HIEACER K
EEi e

2) HHERSENIE

KB RRIURE &6 150~200 mg (FE#H 45 0.0001 mg), B THMH, A 25 mL 2%3EER - HEE B (m/V),
1E 60°CHE A /K /KR 20 min JG A E R =, H 2% IR - FEAERm/V) BB E RS 50mL, #£5745
Rl A

MR A TV A MR, R AE1FARIE B, VARG IE R . iRk, T I8
YULIE, FEVIRIERL) 10 mL, SRR TR . BAREEKPEE RS2 CGHRE R E S5
w3 it BEU%ER, & F RO [9]:

_Ax0.5x f
1020x m

w3 x100%

A
A: AEEVE B R 540 nm T RITROGE
£ R A BRI B RR
m: BERBTE, g
1020: KHER I TR REL(E

R B RE A 1 em B, VAR EI TR GE ;
0.5: FAMOEREE )E LHER, 7F 50 mL BT A REIR IR R, g

)» BIFE 540 nm WG , QB SR VA VIR B D9 1g/100 mL.
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Figure 1. Effect of black glutinous corn flour addition on the sensory quality of meal replacement powder
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Figure 2. Effect of black bean flour addition on the sensory quality of meal replacement powder
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Figure 3. Effect of black sesame flour addition on the sensory quality of meal replacement powder
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ke 3 R, BEE SRR AR R, RER R E IR 20 BT A TRERES . HHnE
N 16%IH, Pl ARE R B T . IR RE R RN R R A UM i S AR T T AR
FURE AL, HERINEE 16%)5, AREmI MRS e, HURIR R, BETF K. BT,
FRZIRR R RN RN 16%.

3.1.4. AR MENEFRERBRE RROXNE

701
[ ]
651
8
R
Bluig
60 ®
o/
/ 1Y
[}
550 5 10 15 20 25
BRI (%)

Figure 4. Effect of pumpkin flour addition on the sensory quality of meal replacement powder
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Figure 5. Effect of maltodextrin addition on the sensory quality of meal replacement powder

5. ZFHMHERMENEFREMBRE BRHFNT

Wl 5 poR, B R PRSI g, ARAER IR E PR 2 EIHE FRERES. SHEEnE
N 9%, P A3 AR R B PRy B s ARG E] 11%I00, AR (R E P U K . X AT RE
e PR g ied B ) 22 2R RS S 3 0 AR AR, bR S R R B R A R AR A, BRI, 3
BU™ b B LU . DL, FESERIRS 10 B RN E N 9%

3.2. M EREER AT

3.2.1. M ERE IR

FRPE PR 2RI 45 R, R BN Bk Bk BERR M TR IEE A E, DURE
Yo A NAE, K Design-Expert BB PI R R =K FRES, JLEHE 29 MlaG s, b 24 AN
A, SAAEALMETHRZE[11] [12]. RIGLEF I 3,

Table 3. Design and results of Box-Behnken test
%< 3. Box-Behnken I i% 1T R4ER

w5 ABREEKBTINE  BREEMSINE  CREZMMGINE  DHEIRINE Y EEWS

1 55 10 20 12 65
2 55 5 12 16 62
3 45 15 16 16 60
4 65 10 12 16 66
5 55 10 12 20 65
6 55 10 16 16 85
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gk
7 55 10 12 12 62
8 65 10 20 16 66
9 55 5 16 20 64
10 45 5 16 16 55
11 55 10 16 16 84
12 45 10 16 20 64
13 45 10 12 16 56
14 65 15 16 16 75
15 55 15 12 16 69
16 55 5 16 12 61
17 55 15 16 12 69
18 45 10 20 16 64
19 55 10 16 16 85
20 55 10 16 16 84
21 65 5 16 16 70
22 55 15 20 16 69
23 55 5 20 16 66
24 65 10 16 12 63
25 65 10 16 20 63
26 45 10 16 12 64
27 55 10 20 20 68
28 55 10 16 16 86
29 55 15 16 20 69

3.2.2. EAKRBENEISZREE SR
{81/ Design-Expert 12 #0485 547 04, VG145 BIDYA N 28 5 80w VE 20 2 18] 1) ik [B1A O 72
wpe:
Y =76.6+0.50A —0.58B +0.17C +0.25D —1.00AB - 0.05AC — 2.00AD
+0.50BC —1.25BD +3.50CD - 5.09A° —4.22B* —6.09C* —8.72D"

X EARER AT 7 220 i AL A, S5 SR LR 4. B P<0.0001, R WIZAM A R i) &
HE . WGP PoE RER? = 0.9825, R%g=0.9330, Ui EABA SR04 R &, Fl{E -5 s
{82 A B A B A DG, R T7 PR R A AP RO TS24k, T AT RORG R AR B E PP 20 (9 LR HE
M5 73 #fr o

2 4 PR PAEAT AL BIG IR IR REMASINE LA, DUARRE TR
B 55 R GBI  RROR EOKOR 5 DR BRI 2 ) S EL A P R AR R R IR R PR S A S o [RII
SRR R R VS IN R A S ELAE NS R LA A 2 Ak, DA BRI BN SRR R AR R PR
SRR RO TBIG TARMENINE > BERININE > BRZMHHAINE > MICRIRNE.
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Table 4. ANOVA for the quadratic model
Fa. DRERNBEDR

He BT A H HRE ¥175 F{a P BEM
A 133.33 1 133.33 13.19 0.0027 o
B 90.75 1 90.75 8.98 0.0096 o
C 27.00 1 27.00 2.67 0.1245
D 6.75 1 6.75 0.67 0.4276
AB 103.39 1 103.39 89.75 <0.0001 ok
AC 16.00 1 16.00 1.58 <0.0001 ok
AD 43 1 43 3.89 0.0665
BC 4.00 1 4.00 0.40 0.0095 L
BD 2.25 1 2.25 0.22 0.6444
CD 10.17 1 10.17 9.88 0.0067
A2 849.16 1 849.16 83.99 <0.0001 ok
B2 476.03 1 476.03 47.08 <0.0001 ok
c? 641.10 1 641.10 63.41 <0.0001 ok
D2 657.33 1 657.33 65.01 <0.0001 ok
e} 1969.76 14 140.70 13.92 <0.0001 ok
Bz 141.55 14 10.11
FAUTT 138.75 10 13.88 19.82 0.0056 o
afiiR 7= 2.80 4 0.70

HE: EREEP<0.01), **ZERHREEP <0.001).

3.2.3. XEFAMEFERERREITIHFME
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Figure 6. Interaction effects of different factors on the sensory score of black glutinous corn meal replacement powder: (a)
Black glutinous corn flour vs. black bean flour; (b) Black glutinous corn flour vs. black sesame flour; (c) Black glutinous corn
Flour vs. pumpkin flour; (d) Black bean flour vs. black sesame flour; (e) Black bean flour vs. pumpkin flour; (f) Black sesame
flour vs. pumpkin flour)

E 6. ERRXEMERAMBRERREHRETINEN: (0 BREERXHESRIMINE; 0 BRERMESEE
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M 7 i 28 B A% L 00 2 e 45 IR 2% 0 i A A B2 131 P 6 B TAER R R KT 0 B, AR R
X R SR B W S AR . I 6 FTLAE Y, SRR 2RGEE, Ho 1A 6(a) MK 6(b)f 3D
s T 3P K, 3R B R TEOROR 55 R SR NN RO SRR 5 PR R A 2 ) 5 TEL A S AR S 2 5
RO 5 B EA AN E RS AR R R T RS SO SRR RE SRR SRR S
P JROR 8 I8 0 22 TEL AR DGR 1 20 RE I A S 2

3.2.4. BHERIELER

T RIS ) AT, 45 SR FORARE R S R 7oA s SRR KR 55%, SR TH; 10%,
YRR 16%, FERK 16%, FZFEWIFE 3%. 7E 80°C RN 8 AR /KB HES51)G, PRl AR &R B
TN 89.56 73, SHEIBME 90.12 70 AHLL, RZEN 0.62%. EILm N E LA 15 2 BRI T B BRI
HEME, WHEARER KSR T .

3.3. REMEFRT W

SHIEAL 5 B AR 5 AR TP RS Ff R S i AT e, HHIEE FRI R, W 5 fin. 28 T/DCF
001-2019 {fRE&H) A1 T/CNSS 002-2019 (AUE & I AFrAE) SEEbrEr 7, ZAEREANTER
H(>8 g/100 g), FRWHFEN S B8R, HAEEA KA. RMIE: .

Table 5. Nutritional composition table of black glutinous corn meal replacement powder

F5 BREREFNEMEFRIE

i H 100 g NRV %
e E/KJ 1827.25 21.8
EH/g 14.4 24
ReWi/g 6.2 10
WK ED/g 62.1 21
#/mg 15.8 1

34. REMILERSESH

XA G ) A B 7 AR T AR T 2= 2 AT e, EE A, 4588 39.7+0.01 mg/100 g.
I (PEERETERZSHEBAE) (2023 M) FIEEEF I IEENE(SPL) (50 mg/d), A AHZRE R

4. &5ig

AW LR A ST R TR I R VB, i R ik, dad o D) 2 R A g o7 i iR 56 e
WHBCTT, g IR E I R E R Jy: B EKRESINE > BEBREmE > BZpnasm
B > VRN . 8 AR AT e Tt o B R LTI R, 45 SRR R A 1 e L2
TN BREEKE 55%, BER 10%, BERE 16%, FIK 16%, FIEMR 3%. EIEST R Hl& 1
REM ISP, EFS, BHERM, DR, MEERRLg: ERRSEN 1442100g, 5
i8N 62g/100g, MKILEYIEEN67.42/100g, FHEEN158mg/100g, £H RS EN39.7+0.01
mg/100 g. ZAREM AR &S E A ARIRDT . IR AL ISl R B ET RS & BHARE, 167
FHRANRMPUEEARE, EPR. PO M BN RPUESE 7RI RIFHTEGe. Bk, 1%B7 &
KRR 2 ANRSEAE FR TR R, NAFA URAXT ThREME & S IE sk, &R ATIA TR, [N BRE £ oK
At T AR ARAE T BRI .
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