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Abstract

This study utilized Zea mays L. cob as raw material to prepare anthocyanin extract powder through
extraction and freeze-drying processes, subsequently developing a characteristic anthocyanin-rich
beverage using this powder as a functional base. Single-factor experiments combined with response
surface methodology were employed to optimize the formulation, establishing a mathematical
model to determine the optimal recipe. The results demonstrated that when adding 0.067% Zea
mays L. anthocyanin extract, 1.5 g/L citric acid, 12% xylitol, and 0.3% CMC-Na, the beverage pre-
sented as a purplish-red clarified liquid with pleasant sweet-sour taste and optimal sensory quality.
Storage experiments revealed that anthocyanin preservation reached maximum efficiency at 4°C,
showing 85.2% * 1.53% retention after 35 days. The degradation rate was reduced by 23.5% com-
pared with 25°C storage and 59.5% compared with 37°C storage. Low-temperature storage demon-
strated superior capability in maintaining physicochemical stability and functional component ac-
tivity compared to other conditions.
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1. 518

MG R OK (Zea mays L. var. ceratina) (Rl HAFR 2 5 B KEARE BAMSA[L], HAFR S0 8
BEEMIETFTR. KH LZMABNED2]. K, EHFREA-FKEERRECER, BAEREN. 5T
Ry BRILKE. B2 ARG e, O AT ER. EAGRLSAI3]. S, Hal
Xof AR R OK B 78 22 R v TRE RIS N TR A, 1 o5 AR & 30%~40% ) T K E A A RNV 754
PR F 2R AR

EEER, BEEAMSRKE . HBRTPRA AR R IRMIE D IE5R, & KRGS P (KR
(AR B R T 2T 92 o B TR AT 25 B Bl ey ATIRFFRL I 60%~70%, 15 J% 450 2 -3- i ) B 7
RGO FR-3-H B AT R -3 B B 5 2 e R0 DIRERSr [4] . AT 78 LB TS A 5k
A RIS R T ROR G S AE T RN R, JFCA VIR ER, SDUATERR . ARERE. R PR HER
BN(CMC-Na), HR—FRF b s U0k, B E Ay SR oK A A 7= it SRR 72 1 v A A0 R
PRAL T BT

2. M55 %E
2.1, KR

PR KOS, BRI B AT S TR . B R ATIRIR, T BN MR IX s fr i A,
W E AR H A IR AR s R ELT 4R H(CMC-Na), H K ) ZAE 900 TA R A Al HR 253
NI AR .
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22. UB/ERF

EYG-1000W # A & THl; TY2019001575 H 7 K°F; HH-S4 {HIR/KIBH: EiE T REMBAL; &%
KT A AT W e e it pH it

2.3. WA

231 BRERDUETRERINGIZ

SR FH P AR ) £ SR TR IR T /AR, Bk Tris: LG EKE S pH 4 1) 60% £ B2 3 1%
BHELE 1:16 (g/mL), 40°C. A IIZ 350 W, MESHHBIFEE 40 min, $2HL 2 WK, & IFFBEM, 2800 r/min &
L5 min, BURIEW, U R T RS ORI R, 4°C LR 5] [6]

2.3.2. BRAKEFTRIHIE

W R T IRAT I JRE TR R F I R G L SR . ABERE. CMC-Na #EATIEC, 7
IEMELIE, BOE LS 20 MPay 20°C~25C & T BIB I e K U R RO EBE T HERE, T
SR 2N P IES ES B SR
233 BEREREFTRINESAHMERRRE

DL T oKt e T AR I 78 I (0.2%- 0.1%. 0.067%. 0.05%. 0.04%). FrEEER I (0.5 g/L
1.0 g/L. 15 g/L. 2.0 g/L. 2.5 g/L). ARHERLIIAINE (4% 8% 12%. 16%. 20%). CMC-Na [Jif N
(0.1%. 0.2%. 0.3%. 0.4%. 0.5%)7; AW AREK R, YR E T N fErs, 7 BRRIRE, e
FHRRIE TR INE

2.3.4. MR E R T

MRYE R R IR 5 R, I FRI(A) FrERRRINE(B) . AWEREIN N & (C)IX =/ MAHEH &
PORHMRE YR s KRR &, A Design-Expert 12 #2847 =K1 % = /K F- ) Box-Behnken ¥ i1k,
RIEH IR 1 s, HHES 3R

Table 1. Factors and levels of the Box-Behnken test

52 1. Box-Behnken iR I& A &E 5Kk F

%
T A TE T Z REUD R I (%) B FREE IR I R (gIL) C ABRBEI (%)
-1 0.077 1.3 8
0 0.067 1.5 12
1 0.057 1.7 16

2.35. BREEREFTSRZRINNRETMMRE

BT AR FORAETE R UCRMRE R e R, il TR R R 10 A2l T ER IR E R A
PRIEDE 2 PP brdE, PR, AR, k. AZURE 4 AT TN, HCTE VN A ST
IENBRAER . BBV ETE R 2 [7] [8].
23.6. EERFENNE

K B FREURE i 150~200 mg (F&Hf 2 0.0001 mg), B TR+, M 25 mL 2%EER - H EEE R (m/V),
1 60°CHEFF /KIBH/KfE 20 min JGAEI R =R, F 2%E8R - H BRIV B IEE A2 50 mL, #5115
Rl A.
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Table 2. Sensory evaluation criteria for Zea mays L. anthocyanin beverage
2. EREREFSRINNOEEITSRE

M IE PP 52 bR Ganl=l
. MR AL 16~20
(gi) bas SAREN 11~15
LRt <10
L IRERWK, TCRIR 21~30
Ak A
(30 7) WRIERER, TRk 11~20
USERNZERaUN <10
ik TEVER, R 21~30
(30 4) R, ERAR 11~20
R E, Ok <10
U R BN, LU 16-20
20 4) W B, AR 11~15
B, BR, BRZIE <10

ARG A FIR AT i E MR 55 RE SIS A0 B B, VR B . Rk, TUHTDE
AR IE, FERALRIERL 10 mL, JESERH TR, B ThAEE RIS R LR R 5 W3
it BE %R, % FTHE9]:

_ Ax0.5x f

W3= x100%
1020 xm

s
A-BEIR T B 7ETRIC K 540 nm R EOMRGRE
LR AR A BT B B AL
m-BER B, g
1020- 6 B T 4Tk 20 EX ), BIZE 540 nm Wi T, RGBS 2V 59 1 9/100 mL
F BRI g 1 om B YRGS
0.5-F M A ML( EX )5t SMLSE I, 7E 50 mL ¥l i R I R B, g

237 BRERETRRERRELHTR
R 5 KR A7 T 4'CUKME . 25°CREGIRME LK 37T COBIRMEE T, Bk 7 R sk il
PRI EE RS &, I EA R P UOR PR R B 2

3. HRENH
3.1. BAERKE

311 BREERCEFTRERIIRMEXT T EERENF N

PR EOKSIE T RIEHAS RIS I S ORI S g R 1 FoR . M =R
JNEN 0.2%0), YORHER F VP BA%, HOBFNRIRIEO G, TREREE; BERNERRERD, )
BHOBE PPk BTG TR S5 RIEPAIMR NS 0.067%0, YORHKERE oy, R E&E, N
75. X5 RZ MR BRI R TR A IR A IR KK R Bk, Z56 5 R B KOS
RIS R N E A 0.067%.
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Figure 1. Impact of Zea mays L. anthocyanin extract dosage on beverage sensory evaluation
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Figure 2. Impact of citric acid concentration on beverage sensory evaluation

B 2. FRBRE A RE O B T SRR

FEAET RIS IR E K2 AF T, A FIWR AT RIS R FORAETE RUCRHECE PF 2> B mi 4]
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2 s . BEEFTBERIREERISE M, YORMBE VE 7 RIS G AR, FrERRIREE 1.5 o/L B 3R1S &
mVESr, N85 4. AT &2 pH BUBHE KIS ME R AR 3R o KT IR IR0V I AE S50 R AU 11/ (1)
[ I 1 25 AR ORI B 6, VNN R D B R 2 R S s W ORI AR IR, S BU™ S E VP43 A1
I, FPERRI RS E N 1.5 g/L.

3.1.3. AHEERRMEX KB E BRI
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Figure 3. Impact of xylitol dosage on beverage sensory evaluation
3. ARHEEERINE X AR E TS MR 0

AR RE RIS SR TR R UORHEE SIS a0 ] 3 o . BEAE ACKE RE A I B A58, Yok}
REVF SN TR, ARKEREAS IR 12%0F, i S RUCRLR A & 5175, N85 7r. K
BERE NI BB, 2 OB BB, ANE S Binid 2, YORFUEORTH , S HUERIE9E, 50k
WS P R o TR, AR (0 B RN I N 12%.

3.1.4. CMC-Na m E xR E S RAY M

CMC-Na #R X SR R ORAE T R OB E St B A2 A P 4 Ffro . BE%E CMC-Na R &E i A e
B AT R UCRH B PP e BN S K, CMC-Na IS IR AE 0.3%0, HAHLUREH—. GBFEHiEE
oy FUREEE, E SRR, BOE PR BAREE . Bk, CMC-Na RIsRAEZRINE T 0.3%.
3.2. NIRRT
3.2.1. MREREE TSR

MRIE AR AR, EHETE KRB Fr IR AKERERAS ISy H AR, DURE PR i B
{6, HH Design-Expert #AF Bt =HE =A%, IEHE 17 Mullgs, Hb 12 A0, 5 M
T UM TR Z[10] [11]. R34 W% 3.

DOI: 10.12677/hjas.2025.156099 806 b k=


https://doi.org/10.12677/hjas.2025.156099

FIRH 4

100 -

20 |

60 |- - =5

50 |

EEWS (4))

40 |

10 |

0.2 0.3 0.4 0.5
CMC-Na#s il (%)

Figure 4. Impact of CMC-Na dosage on beverage sensory evaluation

[ 4. CMC-Na R0 & 3 iR R E 147 M2 0

Table 3. Box-Behnken test design and results
%< 3. Box-Behnken iR IE &It R&ER

WIS ANERIEDIRINE(%) BITHERBMNINE(QL) C AERERIIE %) Y BEES

1 1 1 0 89
2 -1 0 1 60
3 -1 0 -1 62
4 1 -1 0 88
5 0 0 0 86
6 0 -1 1 68
7 1 0 1 91
8 0 0 0 86
9 0 -1 -1 67
10 -1 1 0 71
11 0 1 1 75
12 0 0 0 86
13 0 0 0 86
14 0 0 0 87
15 -1 -1 0 69
16 0 1 -1 72
17 1 0 -1 80
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3.2.2. EVABEBMEIERES ST

¥ Design-Expert 12 FAEXFEE RFAT 00, AR =A R R SEE VRS Z A ) ENE a0
—F:

Y =86.20 + 10.75A + 1.87B + 1.63C — 0.2500AB + 3.25AC + 0.5000BC — 2.10A2 — 4.85B2 — 10.85C?.

Xof [l A R IEAT 7 22 0 W AL B AR B, 45 SR L3 4. 7 P <0.0001, FRHiZAEA BRI E %
Peo WGP YE RER? = 09812, RI; =0.9571, BLHAEISBIALSIAM M-S RAF, UGS 2l
IR EA BRI, R IZ TR R R T EEME, T B BRG EOKAE TS 2 UORHER B VP 4 (1 B iR 4
RS X

Table 4. ANOVA for the quadratic model
F 4 ZRBNAESHR

KR S5 A H B F1E P1H BEM

(e} 1674.42 9 186.05 40.63 <0.0001 .
924.50 1 924.50 201.92 <0.0001 -
28.13 1 28.13 6.14 0.0423 *
21.13 1 21.13 461 0.0688

AB 0.2500 1 0.2500 0.0546 0.8219

AC 42.25 1 42.25 9.23 0.0012 -

BC 1.00 1 1.00 0.2184 0.0189 *

A2 18.57 1 18.57 4.06 0.0839

B2 99.04 1 99.04 21.63 0.0023 -

c? 495.67 1 495.67 108.26 <0.0001 o

hk 2= 32.05 7 458

RAUT 31.25 3 10.42 52.08 0.6545

a7z 0.8000 4 0.2000

S 1706.47 16

i TEREEP<0.05); TEREEEP<0.0L); TEFWEEP <0.001),

HIE 4 &I P AL TR, A7 3R SIS N DU S ACHE W 5 in 82 1) P AR LA DG AE 7 3R OB
R E PN MR L B2 . 67 RTINS ARERE AN & . AT BRI L 5 AR R I 41 A
FR 18] A AR FMUFT BB (AN I 0 W LB U S 25 o ek, DUAN BR300 SR TR R B PP O3
MAREREAR N : EHREIEINE > FBRRIKE > KPERRINE.

3.2.3. XEEAMEETRIBE TS HIRNE

H ] Design-Expert £ 4F3dt— 2500 B 1A YR Ok [BIRBERY, 22:40] 1 Wiy 2 o3- 47 3744 B A% vy
2R, il 5 s

Wi 7 P 24 e % T U S I 25 LR 306 W SEARL R B2, S5 v 2 A BT i S 16 Pp ooz, RO IR R A2
HAERTEE #E[12]. 5 o TAEPIMEZR KT 0 I, HRM R Z 0 AEH RO B I BAE .
P 5(e) Rl 5(F) 4 2k EAEIETE, K 5(b) 14 5(c)i 3D M B ek, RUIET R IERAINE 5K
R P00 P 52 LA RIS R IR IR J5E 45 AR VN 0 A2 ) 52 LA Y 20 6 A7 3R ORI B VP 2 R S 25
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Figure 5. Interaction effects of different factors on the sensory score of Zea mays L. anthocyanin beverage (a)~(c) Response

surface plots; (d)~(f) Corresponding contour plots
5. HEERZEEAMBERERETRIXREITSHFMW@)~(C)AMEEE, (d)~(H)AXREFSLE

3.2.4. BiFRWLEER
TR I AR T, 15 H SRR BRI E RR R DI S N B E RIS IR
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0.067%, FFERRIKEE N 1.5g/L, ARPERLRINE N 12%, CMC-Na #IE A 0.3%. BEE FZE T, {5
e ZUCRHERE 28 91.3 £ 0.5, SHEIR(H 90.21 40 ML, 12758 1.21%. 5 B @ mi o i A Ah 45
BN EE RS PR LI, 16 RO 7 BA RIFIES N, PN AR EORAEE = ORI
RERY, HEA—ENSHEMNE.

33 RREREFTRUTNIBREM

Wt PR ARRC Ty, & 1) BERE RORAETE ORI AN [R5 L R T 6 7 2% Bl i T [R] AR A2k an 1<) 6
Fis. BEA&WHBR LN o, POB IR 2= R A7 2 2B PR %s . 37°CIE A7 35d i, HBRGEEK
EH R UORHI R AU 25.7%, HFTSIEE RT3, 4CIAERr, T6F 2 IRFESRR S, 35d
LT R RAE RN 85.2% +1.53%, FEJHE K L 25 CHf )% 23.5%. tb 37 CHJk4E 59.5%. XKW, KiR
AICAIELRAETT R IR, BOF R B AE S . Ik, @ UGZYCR I PR VIR, DUR AT RECR R
PR AR 2

HHERREE %

0 T T T T T T T T T T
0 7 14 21 28 35
if 1A /d
Figure 6. Degradation of anthocyanins in beverages during storage at different temperatures

6. FARICEUREM AN P RERIENTH

4, &5ig

AHFE DA TRy R R, Gl AR R TAE LZR BE ORI R T R,
T LUZGE T O RSY, HLT B R . AKBERE. CMC-Na JT & — & A 6T R o R OoR .
AL PR] F G DA R e S O A RS B AT G v o M R SL TN, A5 ORI iR T N TR R
KT RIS~ 0.067%, FrERRIKE N 1.5g/L, ABEREAINE N 12%, CMC-Na iivinE N
0.3%. fEBLECT P& MIETE R SR E O, AFREEER, RMED, Xk, FlK
MR T, 4 CICAFERT ] B R THE T RIMTFER, B A 2 1R A R T 4E R ORI A AR e T S Th g
SHEYE, RS FOK BRI i AR R D Re ORI R B T B SCHE AN B AR -

=
B 7 48 K A AE A I 2RI H (S202211396058)
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