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Abstract: In order to determine the best fermentation parameters of citrus tea fungus beverage, in this experiment, Xinhui citrus and
Yingde black tea were used as main raw materials to produce citrus black tea beverage by inoculation of black tea fungus. Based on the single
factor experiment, Box-Behnken response surface method was used to design the experiment, using four factors and three levels, taking pH
value as the response index, to explore the influence of four factors on the quality of citrus black tea beverage, such as the amount of lactic acid
bacteria powder, the amount of sucrose, the fermentation time and the fermentation temperature, and to determine the best technological
parameters of citrus black tea beverage fermentation. The results showed that the optimum fermentation conditions of citrus tea fungus beverage
were as follows: lactic acid bacteria 0.40%, sucrose 15%, fermentation temperature 32 ‘C and fermentation time 4 days. Under these conditions,
the pH value is 3.14, the sensory evaluation score is 93.1 points, and the consumption of soluble solids is 12.30%, which is close to the results of
three verification tests, indicating that the regression model fits well. Therefore, the response surface method to optimize the fermentation
process of citrus black tea beverage is reliable and can provide a scientific basis for the research and development of citrus black tea beverage.
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Fig.1 Technological flow chart of citrus black tea beverage
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Table 1 Sensory evaluation scale of citrus kombucha beverage

5T E PR B/ 5
‘ REKFERREHD—BARE  10~20
(ii) REBREIBHEREENS 6210
BRERFEREXFE 0~5
o HRGERR, ARV B 11~20
20 ;’7\) BOFRGE, A RIUR R 6~10
R S 0~5
‘ #EEY, voksh o ZmiURR 21~30
( 3‘(3) ’ff;) Bt 2ok ar JeeR, O B4R 11~20
R BR SR AR 2R B . 11 RoAELAE 0~10
A AAEA R B ARG, ACAARA 21~30
(ﬁj) MR oA RS 11~20
AR BRIA, AR 0~10
%o 100

15 KBTI ZHHE

151 $REKE

SSCHRIATT TR, MR AR LT 2% B A e ) 22 R
T R (BREE. BERE. JLRED L"),
FERRA IR, Rt (a2 R e ), X
KA E I AR R AR, AT s
BT i pH B T B LR AR, RIS 520
R XURRY, Ry PP SR 57 B IRk
TH FE O R [ TR /KT S e T S 2R i A R R
UL MOARRIFFC L pH. JEIFRE . AT R FE
FONMRAE, IR, #E R R KR,
SR J5 F FH Box-Behnken Wil 87 T AIG Ak 75208 045 (R 256
MAGLLA R LR G oM, DA e M ARG £ 4% 1 Ok
R BRI T 2.
1.5.1.1 AR A&

CIRTE B IR . BEERTE . FLERE AR 1
FURRE ] R A RS S M AR, HA
AIEFDRNC WINAAE R ERE. PrE S

108

LR EThAE. AR, KR LR MY
A AMCELLZR B ORI AU, HL ] LR B R B A0
RAF=HHIRRE 1. Bub, KW IER:, DIFLER
HRMELWAES, AR pHAE N, BIEEE.
BEFR B N 73 AN 0.10%, [ 2 WIUEFE BN 15%,
T 28 CraERAMNIEFAT K% 5 do TEFLIR RN INE
H0.20%+ 0.40%- 0.60%-. 0.80%- 1.00% 15T,
TRITFLIR R AN I ARG 2125 R O i S5 FRT52 0
1512 JEFERINE

FEER pH ET, FLRFEMSINEN 040%, T
28 CHEIEAEARTFRFE R S do 3 AIIINTERE 1.80.
5.50. 8.80+ 12.50. 16.70 g T 100 mL [IAHAERIT4L
A REER, BRI 5% 10%. 15%-
20%- 25%MHIFE L, PRFUREREAN IS AR LA B I
At BT RN o
1513 REFRE

FEER pH ET, FLERFEMEINEN 0.40%, ]
GREE N 15%, TIERANIEFRMEREE S do
WS LA R R IR 53 I RCEL TR R 24 281 32,
36~ 40 Co PRI AR R AR LIS B R i 52
M .
1.5.1.4 KPR

FEER pH ET, FLRFEMEINEN 0.40%, ]
BRI E N 15%. FAGR S0 R R IR 53 ) R B
1. 2 3. 4. 5. 6 d, RICKEET RIRHFHAE 2L A5 B X
ket BT R FEMA o
1.5.2  vf & XAk it

F 2 Mol By R EE 7K T M (B 3R
Table 2 Response surface test level and factors

R
Kt AEEH BESE  CAM DAR
BAE%  FEY% RESC B/
-1 0.20 10 28 3
0 0.40 15 32 4
1 0.60 20 36 5

BRI, LR YRR R, pH it [
AHIRF= RGO, RN 7w s rE, H
SR RUSREEI R, Sk, AHE 7o /8 8 R 2k 0k
gERIEAE -, ] Box-Benhnken 36411, PIHIE
LAY pH BN AR, R IT LR BRI N &
(A, FEFEARINE (B). KBEEFE (C). KEENA]
(D), 4 NN HIELL AR ORI, K
Box-Behnken AT PO R = FiRER i, 56
K2R 57Kk 2 fs.

153 ZIEHHT



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

S8 s % A Microsoft Excel 2019 Al
Design-Expert 8.0.6 % HEXdE 734, R OriginPro
2018 1EH, NI EE 3 AL b, 45 RBCFIE .

2 HZBRGSH

21 BRERBLERG M
2.1.1 LB BRI AT MAB LR AR K B

EORAAG)
90 115
4.8 .
12 2
851 laa ]
g “zdo -3
W & =
8o 4.0 R
416 =
3.6 #H
75 = ME 13 =
-=pH e =
o A] Ik [ T FE R (%) 3.2
7G 1 1 _0

0.2 0.4 0|.6 0|.8 1I.O
FLERBE RN E / %
& 2 FLELEMRINE X HHAGLL A E L BRI 0
Fig.2 Effect of lactic acid bacteria addition on fermentation of
citrus black tea bacteria

ARWRRR A —RAVNREEFE, M
GRS B pHAE 2 — % IEMXMEPY, Coelho 25
WA, 2RI pH fETE 2 2.5~4.2,
FEMTEREN, pH BYK, AHRERFE, T AEA
RESEH . AR TEEBBRE . BEE. ALRE
P, ARRWIEARAER, BAHEL. S5
B R AR, AR AR A AR, A
B2 T PR T 77T SR R P A LR B 1 TEAR ST
YR (BERR A ABERERBE) BOFEAL BN ALIg
BRI 5 B R T TR R X ik ZK A B 4 B8 R R R A ) A=
K, [FRAEE R R AR A R AR,
A W S B A AR . dn T LR R )
LRWURL, RE A2 R RANIR, SeEmoR
R, ASREE A, AR ERIRDY, R
YRR AETh R AT FEAR I 2 Frs. B LR
TR DI AN, E RS 0 B SR SN
JG TR, FLERBEORIA RN 0.40%0), PN
GyiRcE, N 88.47 47, WL MG AL R ORI
W, KRR REWRERWRITW LS, BERER R T
M, tEAiEE e, BEEY: LRENRINEN
0.40%F, ZIAHCE pH 1K, N 3.44. HRER
TN 0.40%7F1 0.60%H, AT [ TV IV BRI
ARENZER (p>0.05) o S5EMANBEEE, L%
BRAEFLIRE R INEN 0.40%.

2.12 FEAEMnES AL AL B R

FEREA AT UME R OB R I BIR, AT
DAVE AR RIS TR R R EL . Fr & 3 AT LA
A, fE—EEEN, BRETD S R INER
BT . (HEERER I E KR, PR e TE R
5, ARTENR, A IS AE IR, R
R, SEUREVES TR R s DR
RIS E B AR PR INELE 15%H,
MG R UCRNEROE Y, RO SEE, &SR,
TCVERARR, SRR E P, N 86.7 45 ik
HRERERINE RN, pH (256 TG LI
B, R E R R R BT E R, 4
FERRNINEN 15%0, pH &K, N 3.71; "J¥EE
B R RGN 11.77%, B 2025 AR
WIS Sk BRIk, ASHIE 7 RE A I S EE VAN I =
15%. TEREEIFEH, REREE EERIIRIEAAER, 20
F TR P TRE A U0 T A P R I A R /K A
JR AR, R R A 2R, At
FEPINE BT B AN LR B A= AR A LR (1A )
H, R EERR A S PR IR PR, Ak kR
T RESAHE EER RS ELEY, N
IR ORIR AL, $RTFR T, RUNESIR B A RE
TR P RERE 1707 1 o P A RO = A A T A R 2
BEFEAL A 28 B Fe A A LR,

90 .

lig 14
o s
1 {44 I
m A0z
R = s
{%J; 80k {20 ¥ ]
=d =
_6
3.6 #
75 - B AHE " =
-=pH e 2 =

—o- F] VA M [ T 0 B (%) 32
70 1 1 1 1 1 Jdo

5 10 15 20 25
REHREE / %
[E 3 EHERE XTI S E A BRI
Fig.3 Effect of sucrose concentration on fermentation of citrus
black tea fungus
2.1.3  REEES A A AAG LR E AR B 6 R oh
PG 2% OB R B — Pl R VR & R B AR X B
RIR R, TovETe MR — M I A KR Vg
XF LRI E] o SN T ALBR TR AL AR AR, K%
JIT s PRI T) 2 LEAR SR 202 T OB R A P BT PO I ) 222
B, et R REAIESRR R AOAIHE R, ot 1 x0T a
IRAEDIR AP, @R bE KR 1 d 36 d
PORHEAR, DRBIEE R KRN TR 255Nk 4
PR, RKIEWTAIZE 1 d i, ARBONEM, Higit

109



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

MR, ARECNIR, AR AR, 1A
RS 5 d UL b, WRIRBONEE ZREE G, HAWRET
AR, FREHRIG BR800k, TREEEE 4 d I,
EVHN MEIA RO, N 87.63 4, BLEAHIGA S
PR ORH 2 IS A T VA, PRAITRIE B, AR
BRI, RSO pH &fik, Pl TR R
BN TERFERTH, ARA LMY K
5, AT ISR FH R AL MR, S R B
pH TP, &K% 4 d )5 pH EMHA LF, HEWA YL
17T ek i SRR R AR T RPY, B LR
TR AR, pH EMA LA L g RaT 5, f
WELLA YRR 4 d iF, pH N 3.65, AIEPEREIE)
FITH RIS 12.23%, H S REGT.

90~

NS
85r i)
ta w®
80 BN
75+ 4{{:

=

1 -
%3 4 5 o 0
REERE/ d

B 4 REERBITHBLRE IR LB
Fig.4 Effect of fermentation days on fermentation of citrus
black tea beverage
2.14 KB AT AAGLR AV LB R
90 1

- 15

4.8 .
X
85 112 i
B i il
o 4.4: w
K a1 £
i 80t 4.0 R
# le B
N 43.6 3
B - RESE 13 =
-A—pl_l»’-\, N =) E
o AL [ T TH FE R (%) 132
1 1 1 1 1 1 1 1 1 _
703426 28 30 32 34 36 38 40 0
REERE ) C

&5 &ZERE BRI A BRI
Fig.5 Effect of fermentation temperature on fermentation of
citrus black tea beverage

WKl 5 foR, RBER RN, YRR A
U, AR ELROR (RN AR AT, T A el BE 42
i, PORHKB RIS, AR BRIk
Bt KERRE N 32 CHF, FRELRE ORI E
PN E RS, 9 87.80 41, LI MG R ORI
B O HIEHOEY, A&, HIRARIE R,
SRPMAZ . REAREEXN A A R ERRE A —

110

SEFCI . RIFIRELE 32 CHY, Rl PERE A S
K, pHAE®AK. UUITERIFIRE 32 CI, ZLRBHHE
AT —ANETVEGFRPIRAS,  REWS 78 0 I RS ™ AR
LR . X WAEEARIEREEFR (26~30 C) . EHIRTA
(28~35 C) FIFMRE (30~37 C) MFiEEKIRE
PR R R B i, AR TR A K,
RN B T P2 BRAE /15, HR4E Nguyen S wE
Fo LAWY B L2 IRk B2 Rei A4 th g
AN &S BRI, pH BERBCA IR & & .
Rl AWAHURR & BRI, MR O
R LI 32 C
% 3 B A NI RE 2R
Table 3 Results and analysis of formula optimization by
response surface method

ASBES BEE CLXB DA®

5 pH 14

g% ™mE/Y% BESC B/

1 0.40 20 28 4 4.28
2 0.40 15 36 3 3.77
3 0.40 20 36 4 4.54
4 0.40 15 32 4 3.12
5 0.40 20 32 3 4.27
6 0.20 15 32 5 4.44
7 0.20 15 36 4 4.67
8 0.40 15 32 4 3.21
9 0.20 15 32 3 431
10 0.60 15 32 5 4.34
11 0.40 10 28 4 4.53
12 0.40 10 36 4 4.29
13 0.40 15 32 4 3.15
14 0.60 15 28 4 4.50
15 0.40 15 36 5 3.86
16 0.40 15 32 4 3.10
17 0.40 10 32 3 4.26
18 0.40 15 28 5 3.72
19 0.40 15 32 4 3.10
20 0.60 20 32 4 4.75
21 0.20 10 32 4 4.84
22 0.20 15 28 4 4.47
23 0.40 10 32 5 4.25
24 0.40 20 32 5 4.18
25 0.60 15 32 3 4.48
26 0.20 20 32 4 4.76
27 0.40 15 28 3 4.03
28 0.60 15 36 4 4.65
29 0.60 10 32 4 4.70
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Table 4 Analysis of variance of regression equation

7 ERR -7 Fa B A 2V F & pih SEM
AR 8.35 14 0.6 80.68 <0.0001 Ho
A-FLER AR E /% 4.08E-04 1 4.08E-04 0.055 0.8176
B-EAERmE/% 6.75E-04 1 6.75E-04 0.091 0.767
C-RBRE/C 521E-03 1 5.21E-03 0.7 0.4155
D-% BBt 8)/d 9.08E-03 1 9.08E-03 1.23 0.2866
AB 4.23E-03 1 4.23E-03 0.57 0.4623
AC 6.25E-04 1 6.25E-04 0.085 0.7755
AD 0.018 1 0.018 2.46 0.1388
BC 0.063 1 0.063 8.45 0.0115 *
BD 1.60E-03 1 1.60E-03 0.22 0.649
CD 0.04 1 0.04 5.41 0.0356 *
A? 5.55 1 5.55 751 <0.0001 o
B? 3.82 1 3.82 517.1 <0.0001 Ho
c 1.47 1 1.47 198.17 <0.0001 Ho
D? 0.59 1 0.59 79.11 <0.0001 H
KRE 0.1 14 7.40E-03
PEPEN 0.095 10 9.50E-03 4.46 0.0813
Yhiz £ 8.52E-03 4 2.13E-03
BAa 8.46 28

7E: R?=0.9878; AdjR>=0.9755; Pred R*=0.9337; **kTHEE (p<0.01), *RTEF (p<0.05).
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Fig.6 Response surface diagram of the interaction of various
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