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Abstract: Objective To address the instability of anthocyanins in dragon fruit beverages due to fermentation factors, a
fermentation process was optimized to develop a refreshing, flavorful dragon fruit beverage rich in anthocyanins and with
strong antioxidant capacity. Methods Red-fleshed dragon fruit was used as the raw material, with Lactobacillus plantarum
and Streptococcus thermophilus as fermentation agents. Based on single-factor experiments, the initial pH of the
fermentation broth, inoculum volume of the seed solution, and fermentation time were selected as influencing factors,
while the anthocyanin content of the fermented dragon fruit beverage served as the response value. Response surface

methodology was employed to determine the optimal process parameters. The anthocyanin content, soluble solid content,
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and DPPH radical scavenging rate were measured before and after fermentation to evaluate the effect of the fermentation
process on the antioxidant activity of the beverage. Results The optimal fermentation conditions were as follows: inoculum
volume of the seed solution of 1. 7%, initial pH of 6.3, and fermentation time of 24 hours. Under these conditions, the
fermented dragon fruit beverage exhibited natural clarity, stable texture, and distinct dragon fruit aroma with fermented
notes. The anthocyanin content was (50.10 = 0.28) mg/L, which was only 11.68 mg/L lower than that of the
unfermented dragon fruit juice. The DPPH free radical scavenging rate was significantly increased, and the content of
anthocyanin and soluble solids did not change much. Conclusion The fermentation process preserved the nutritional

components of the dragon fruit beverage while enhancing its antioxidant capacity. These findings provide valuable insights

for enriching the fruit and vegetable fermented beverage market in China.
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Fig.2 Spectral scanning results of dragon fruit

stock solution

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



%24

TBRFIR % 30 A TR B KR RAOR T 240 LRI TE M AT R 21

3.2 RN A FIALS
3.2.1 KIREWING pH XK BRI e (R

F & 3 HZ SPSS 43 Al A1, pH 7E 5~8 Z[H] A, 2k
e R T TV I A5 1) TR ' B LA X A8, 156 BH X I 1) B
i P AT SR L WG pH /N T S B AR A IO
B2 T REESpH KT 7 B RS OGRS 10 2 0
FIT LA, B BERRT G pH MIPEALEEIAE 5~7 Z 1],
3.2.2 PR KRR R E T )

H &l 4 HZ8 SPSS 4rHr Al J R 7E 1.0 % ~2.0
Yo 2[RI, Kl S K e V000 0%) 2 ' AR X 358K 10
B N O RE S AR B SRR R RN T 1.0 %
BF 5 il WO BE A R/ s R i KT 2. 0 %l AE A IO
FEMARE T RS, Bk, Bl W R 00 O 1k i
TE1.0 %~2.0 %],
3.2.3  JRIVRIF D KO R U e e AP 5 i)

F & 5 HZ SPSS 43 # il A, & FERT ] 2 20 ~ 28 h
¥, I R i T R A P O s B R AR T 5K 5 2 TR B 1]
/NTF 20 h B FE SR BEAE BN s & EERT [E] KT 28 h
BF A WO BE At 2B W B B I LA, & T[] 9 £
FLIE I 20~28 h Z JA],

050 1 0.470
045
0.40
0.35
030 T 0.271
0251 195 *2

0.20 F
0.15
0.10 F
0.05
0.00

1 SR/ Abs

0.043

oo
o L

3 4 5 6 7
K BER ) IR PH
B3 AEREZERBKYE pH X R EEMFIT
Fig.3 The effect of initial pH of dragon fruit fermentation

stock solution on the absorbance value

0.50
0.456
0.45 |-
z 0.409 0412
®o040 | 0.413
§ 0.381
0.35 -
030 1 1 1 1 1 1
0 0.5 1.0 15 2.0 2.5 3.0
Fh TR %

B4 MFREMENRLEENT

Fig.4 Effect of seed solution inoculum on absorbance value

0481

0.45 0.441

0.420
042 0.411

03971 0.399

W2 SGRE/Abs

0361 0367

033

0.30 1 ] 1 1 ]
14 18 22 26 30 34

S B 6] /h
B 5 ANEREREIRRR B EX L EEN N
Fig. 5 The effect of fermentation time on the absorbance
value of dragon fruit fermentation stock solution

3.2.4 Box-Behnken X545 501

G 1,4 Box—Behnken 5611, 15 3] kb R
RBEORE T 202 5000 o IO T 52 56 Bt 7 58, Wk 2
FiR,

%2 Box-Behnken LA RRLER
Table 2 Box—Behnken test plan and results

£ A
XI5
A B c Y(#&HF4F/mg- L)

1 1 1 0 43.42
2 0 0 0 51.77
3 -1 0 1 28. 39
4 -1 -1 0 18.37
5 0 0 0 46.76
6 1 -1 0 30. 06
7 0 -1 1 38. 41
8 0 1 1 36.73
9 0 0 0 50. 1

10 -1 1 0 33.4
11 -1 0 -1 23.28
12 1 0 1 40. 08
13 0 0 0 46.76
14 1 0 -1 35.07
15 0 1 -1 41.75
16 0 e 25.05
17 0 0 0 48.43

F2 A 17 AR S5 1 Design—Expert #{F
PTG 30T . XIS B BEERIR P<0. 000 1,
PEAR B AR AT i M R U P Ry 0.317 4
(>0.05) , FWZAE RN T 46 X% 22 R 03, BEAR 17 M
T (R, BB E R AR O 0. 973 7, BB f
FERB Ad] R* M 0.939 8, F B 1] 9 75 & [ )5 2

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



2 FRIHAEEM(E B

R

KR R WAL O & B (Y) R R WI 4G pH
(A) FhFHEER R (B) BRI (C) A =0 ka4
IR (1) iR,

Y=48.76+5. 65A4+5. 43B+2. 31C~0. 42AB~

0. 025AC-4. 59BC~10. 62A>~6. 84B*>~6. 44C?
(1)

M 7 (L — UK A T8 (4 5 25 4 A Je i 3k 3

B

R3 ERKREFESN

Table 3 Regression model analysis of variance

FERR FrE AWE ¥ F FIMA P 2HE

B A 1556.66 9 172.96  28.76 0.0001 MEF

A 255.27 1 255.27 42.45 0.0003 2F
B 235.55 1 23555 39.17 0.0004 2F
C 42.60 1 260 7.08 00324 BF
AB 0.70 1 0.70 0.12 0.7435
2. 500E 2.500E 4. 157E
AC 1 0.984 3
-003 -003 -004

BC 84. 46
A? 474.50

1 84.46 1404 0.0072 RF
1 474.50  78.90 0.0001 #HBF
B 196.75 1 196.75 3272 0.0007 2%
¢ 174. 80 1 174.80  29.07 0.0010 2%
% £ 4210 7 6.01
kWA 23,13 3 7.71 .63 03174 REF
Wit £ 18.96 4 4.74
% £ 158.76 16
7:P<0.000 1, %72 %, P<0.05, 7 2%, P>0.05, k7
rEE,
HH R 3 AT X 3 A LR B B oA, 3 AR R
XF KIS R B A 1 & i e KN . R BRI
B pH>Fh AR i > & et a]
HAE IR 3 Design — Expert #C2F 22 H i
T VAL R 55 o 2 BT, i — 20 ) 2 52 ) KOl R K I R A £
W RN E Z A ) 22 BAEH 8958 55, H 0 45 A
B Z AT e OB B9 2 e R/ A&l 6 s

1.00 1.00

0.00

B (PR i) 050 b pH)

-1.00

i AuRiE

1.00

0.50

0.00

BOF T Ao )

-0.50

-1.00

-1.00 -0.50 0.00 0.50 1.00
ACKBERRIEG pH)
(a) REEBHNEE pH A FiRZMEX N LR ZEBER +
HEHSENRIE

1.00 <. 1.00

= Z 0.00
cCkmgnfi) 050 T 00y Ch Rk pH)

O AR

1.00 -
E
E
&
®
O

-0.50

-1.00 \\\ -

-1.00 -0.50 0.00 0.50 1.00
ACK BERRIG pH)
(b) ZBERMIME pH FA A& BERT B X N R A B
HEESENHIE

1.00
0.50
0.00

BORhF R )

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx

%40 %



TR, 35 A TR B K AR RO T E A R IR E AT R 23

%2
PIALNEEES
1.00 :
0.50 4
=
=
2 0.00
)
O
-0.50 \
-1.00 T T b
-1.00 -0.50 0.00 0.50 1.00
B(Fh T i)
(¢) MFHIZEMEBF LB EIX N REERHR
HEEIENTM

Be MEmMEAFXEMNERESEIMAMNENESE
Fig. 6 Response surface and contour lines of the interaction

between two influencing factors on anthocyanin content
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