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Optimization of the production process and quality analysis of Guangxi
Orah lactic acid bacteria fermented beverage

LIU Feng-Ting, JIANG Tai-Long, KANG Chao’, LI Li-Li, ZHOU Xin-Yi

(College of Food and Quality Engineering, Nanning University, Nanning 530200, China)

ABSTRACT: Objective To develop a Orah lactic acid bacteria fermented beverage with both excellent taste and
health-promoting functions, and to conduct a comprehensive quality analysis thereof. Methods Single-factor
experiments were conducted to investigate the effects of material-liquid ratio, white sugar addition amount, strain
compound ratio, inoculation amount, fermentation time and temperature on the fermentation process. Basic
parameters were screened by combining fuzzy comprehensive evaluation, and response surface methodology was
further used for optimization and to establish a sensory evaluation prediction model. Results The optimized optimal
process parameters were determined as follows: Inoculation amount of 3%, fermentation temperature of 35 °C and

fermentation time of 6 h, under these conditions, the fuzzy comprehensive evaluation value reached 0.9397. The
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physicochemical indexes of the fermented beverage were: Total acid content of 1.12 g/100 mL, total sugar content of

10.6 g/100 mL, pH 3.54 and soluble solid content of 12.4°Brix. Conclusion This study develope Orah lactic acid

bacteria fermented beverage complies with GB/T 31121—2014 Fruit and vegetable juices and beverages. The

research provide a theoretical basis for the development of high-value-added products from deep processing of Orah.
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Table 2 Sensory rating form
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Fig.1 Effects of juice addition on pH and total acid
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Table 3 Effects of juice addition on sensory evaluation results

BHE L 11:9 13:7 3:1 17:3 19:1
A 16.90+0.99¢ 17.90+0.74° 18.40+0.69° 17.10+£0.74° 16.70+0.95¢
P2 23.30+1.15° 24.40+0.69° 27.30+£0.67° 21.40+0.84¢ 21.40+0.69¢

HYURA 15.70+0.67° 16.20+0.78° 16.30+0.67° 15.50+0.849 15.400.69°
R 21.50+1.35° 23.50+0.71° 23.40+0.52° 22.5040.85° 22.40+0.70"
sV 77.40+0.84¢ 82.00+0.91° 85.40+1.10° 79.40+0.95° 77.90+0.78¢

NG FREROR A N 2 5 855 (P<0.05), TIA.
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Fig.2 Effects of sugar addition on pH and total acid ?E%%%(XXZ‘M . Z,f%il[ﬂ)ﬂ/\]qu%[mo
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Table 4 Effects of sugar addition on sensory evaluation results
BRI /% 2 4 6 8 10

S 17.40+0.84° 17.70+0.82° 18.00£0.94° 17.40+0.84° 17.10+1.28¢

mpe 23.40+0.96° 27.90+0.87° 27.80+1.03° 24.90+0.74° 21.40+1.17°

AR 16.10+0.73¢ 16.90+1.19 14.60+£0.84° 16.80+0.79° 16.40+1.43°

S 21.50+0.71¢ 24.10+0.74° 24.30+0.67° 23.80+0.79° 21.80+2.09¢

5 78.40+0.77¢ 86.20+1.18% 84.70+1.26° 82.90+0.94° 76.70+£0.72°
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HEH/D o BRI B LE R I AR b 2R R BLER () HE i,
Fr T A B FOUHER, PIBERRER MRS . 22 vhig ) AR Ak
2 FEOR & B R pH AR

T FUAT R R 7 A FLBR AR pH, ™A B I BRI
BRI, IR ZLAF I R B SR, SR, s
FUISH, A UAR 200, X s 07 e 2L IR o A I e bk
RIS IR IR 2L P8 -5 T W LA 1R & I B R ik
TR AR TR I 2L 500 it 5 S 4

H 3% 5 AT, BRRP AL AL BB R AT, 2:1 HAE D
B KUK R Ay ERBURAE, 122 ik, 3:1 13 LS

ROR B o BRI SR A PEAIMESE T 3:1~2:1 Fhi, Bl FRER
JRITR, 2 2:1 BRI S AP E R i

-3.70
125+ —=— MR  —a—pH
12.0 - /% 13.65
115+ 13.60
=)
= 11.0 +
’t’ 43.55 jan)
E105¢ =
pic =
: 10.0 b / —43.50
95f X 1345
9.0 b
1 1 1 1 1 3.40
3:1 2:1 1:1 1:2 1:3
BRI /%

B3 RNE R X pH 5 SRR Y R

Fig.3 Effects of strain composition ratio on pH value and total acid
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Table 5 Effects of strain combination ratio on sensory evaluation results

R L 3:1 2:1 1:1 12 13
S 17.70+0.82° 18.50+0.71° 17.5040.85¢ 17.60+0.70° 16.80+1.03°
1 23.30+0.48° 27.80+0.78 24.60+0.69° 24.90+0.74° 22.00+£0.94°

HLBURA 16.00£0.94° 17.80+0.64° 16.70+0.67° 15.90+0.99¢ 12.90£1.19°
Ak 21.90+1.28° 24.80+0.64" 23.90+1.53° 22.0040.94° 22.10+1.37¢
sV 76.80+0.66° 89.10+1.08% 82.70+0.94° 80.40+0.92° 73.80+1.01°
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it (1%) 5y JE R I ), S 3802 v T e IRUBS: T v EL 0
USRI 38 tP i (2%~4%) T 437 R A B2k K
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FHLIR)F R, 1 S EE R (>5%) W BB 325 4 S A
RGN 51 RACH N, fRATAEE . SRR R WA B .
Fh 3%MERERETZSEH, M 2%5 4%WEE 5
ZIAK,

FHER 6 A%, Rty fEE S TR B, 3%
AR A A LR KK 5256 B B R 2% AN
WARIERE . 1%H1 5% fh i &R E R A8 22 . AN

FLER RN (1%~5%) BRI ZE ST HHE R 0.8652 .
0.9667. 0.9931, 0.9680. 0.9074, YR 1S = 3%, i@
T AR TR S AL s e i VA, SEB R = PR
BRI 3%)E, ARTE 4 PR IEFERR IR T BOR ZACH™
PR B S E T I 8.6%. J&T BN E ML AEAFAE, BEH
2%~4% 4 X [[] 34T Box-Behnken M #ifhAk, LA#EHT
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Fig.4 Effects of inoculation amount on pH value and total acidity
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Table 6 Effects of vaccination dosage on sensory evaluation results

PRl R /% 1 2 3 4 5
AL 17.70+0.82° 18.10+0.99* 16.90+0.87¢ 17.80+0.79° 16.70+0.82°
1% 23.90+1.444 27.40£1.07° 27.10+0.99° 25.10+0.58° 21.10+0.74°
ALURTS 16.70+0.95° 18.40+0.69° 18.50+0.97° 16.50+1.08¢ 15.70+0.82°
LIS 23.300.67¢ 23.60+1.06° 27.60+1.07° 23.50+1.27° 21.50+1.08°
sV 81.60+0.85¢ 87.50+1.01° 90.10+1.25° 82.90+0.95° 75.0040.68°
215 REBBAMSEBEARGYNLER }f r —a B —A—pH 137
FHE 5 AT, REEREE R 31 °CH 33 °CRY R E#ZHE, pH ol . 1370
F2E 3.6~3.8, BIR 7~9 g/L; KRR 35 °CH 37 °CHi, pH oL 4 ‘
WE2E 3.5~3.6, IR 8~10 g/L, KIARUE N 39 °CINTTRES | K I a g I R
AR A, pH [IF, SRINFIE 2L R T 3 SR A1 g 6L I =
BEETEMANER 7, AT 8 i R S S S ;S \/ 13.60
AR ) BB R W & SR S, O 25 A PR A S W 7 g: &
31~39 °CYiE BN IEHIE MK R 0.8683 . 0.9755. 1.000 2k 1333
0.9504. 0.8535. LI T} % 35 °CIt, FLRREGLIRHH H T
030 3T 32 33 34 35 36 37 38 39 40"

31 CHALRRERTY, MM R pH IR BIRR AT SRS 5 e i
IREEART 33 °CI, BRI S T R S B AR AT,
R 37 °Cla, KR R AT | S ACHHR AR S -

KIEREE/C
B 5 KBRS pH 5 R

Fig.5 Effects of fermentation temperature on pH and total acid
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Table 7 Effects of fermentation temperature on sensory evaluation results

R /°C 31 33 35 37 39
SR 17.10£1.19¢ 18.300.67° 17.50+1.08° 17.40+0.69° 16.60+£0.97°
& 23.7041.49¢ 27.3040.95° 27.40+1.07° 24.700.67° 21.50+0.85°

HAURE 16.60+0.84° 17.70+0.68" 16.50+0.71¢ 15.50£0.71¢ 12.50+1.08°
JRUR 21.50+1.08¢ 23.50+£1.27° 27.30£0.95° 26.50+1.08° 21.50+1.17
By 78.900.80¢ 86.80+1.02° 88.70+1.33% 84.10+1.19° 72.10+0.98°
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Fig.6  Effects of fermentation time on pH and total acid
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MR FR ARSI SE R JFORHAC LG 13:7 (¢/mL) . B

BE 6% . FEFLIER DA -5 AR IR ZL R A AR LU ) 2:1. AR
x 1 SHEBERE, WBEUTEMEQY%. 3%. 4%). LK
TRBE(33. 35, 37 CO)FIARERIIAI(4. 6. 8 hi) =2 T 24k
TRRERY, SRR 278 B HAR A ITAESR, #57 K S
5 AR R A BCE IR TR i O] T SE G 45 AN 9, 4%
SVEMHE I MR 10 AT, BB F ORI ik F)
70.42 (P<0.0001), WESEIZGET MR ELA = B i k. R4
K4 P=0.7044 (>0.05 I FH1E), BEHISER R AL T A4S
Fl, BB AT A AL B T 280 k. RS R*=0.9750 4
FHI R*=0.9402 i 22151 H 0.0348, —F 1L 0.9 H w2
NT 0.2, BRI BEHERR TG 97.5%MIREAAE S, BE T
RME R B T 80 A nT Sk o 38 2 8 5T ik B R e ol
R TR JEE (C) X it JBU 52 W) e R (F=21.63),  H W hy & 1 i 1)
(B, F=14.47), $ERHR (4, F=0.0417)/E FFIXTEE55
222 BZHAF AL IGRRSFHELA

Bl 7 SR T4 A AR RN LR A & B ROk
TS5 & PRI E R I

AXB 38 (Rl <t e)): Y TRTBE I, 45 e 2k St B A
[ (P=0.0005), M3fpi 3%, L EENTA] 6~7 h XA ¥ {H
i, BOB B REAC IS Mk SR Y IS A R DT L, JRE S R
1haR, BxC sg B (IR h AR, Lt IR
34~35 °CHLE 6~7 h K EEA] WHFEFEFACRINAT LA 3 A9 3L
NRAE AL, AxC A H.(Hefhi < %): Mimre, &eskis
IEIFTE (P=0.2736). R FEEE SEREHEIN, &% Y 1P
EFAEESS
223 R B @EAC B I IE S0

% Design Expert 43970 F-& AT, TAFIRM KB
LRSI R AR 3.074% . & EERE
34.82°C, KMgtE 6.371 h, TLEA 5 BTSN 0.9470,
FEF AT, S & TE D TR 3% . TLE 35 °C.
K6 h T 3 REE W UE . S22 R BRTE L& Tl
AR LE S IR 0.9397, SRETR SRR = ] () A St 25
2N 0.77%, Z LT, RAZLIR W & BEUCRHERR 11.3 g/L,
TS, BRI R SR A A 7L BR TR & IR AU, 11 Rk
R UM, BI85 JCUTRE S5y J2; 2 W N 1A A Ak 52 56
15 BN A A R I T 2 S50 AT 5E
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Table 8 Effects of fermentation time on sensory evaluation results

J% IR E] /b 2 4 6 8 10
SR 17.50+1.08° 18.00+0.66" 17.50+.071° 17.10£0.73° 16.30+1.33¢
(P72 22.90+1.52¢ 23.10+£0.99¢ 27.10£70.99* 24.30+0.48° 21.50+0.71°

HIURE 16.50+1.27° 18.10+0.74° 19.40+0.52° 16.20+0.63¢ 11.80+1.03°
SR 21.90+0.99° 23.20£1.03° 24.20+£0.94* 21.60+0.69° 21.40£0.52°
Hsy 78.80+0.76 82.40+0.68" $8.30£0.99 79.20+0.85° 71.00+1.04°
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Table 9 Response surface design and experimental results
5 ik BREL) RS GA
KT T TR B: KIEm /M C: KRB/ C pH BRAEL) B R "
1 0 0 0 3.46 11.91 89.23 0.9744
2 -1 1 0 3.64 8.02 81.34 0.8404
3 0 0 0 3.51 11.33 89.24 0.9686
4 0 -1 1 3.56 9.31 82.13 0.8827
5 -1 0 1 3.54 9.54 79.44 0.8785
6 -1 0 -1 3.55 9.45 84.34 0.8966
7 0 -1 -1 3.64 8.43 78.32 0.8376
8 0 1 1 3.71 791 81.23 0.8317
9 0 0 0 3.49 11.16 92.12 0.9785
10 -1 -1 0 3.57 8.21 86.14 0.8716
11 0 0 0 3.52 10.8 89.32 0.9558
12 0 1 -1 3.67 8.21 79.02 0.8328
13 1 -1 0 3.67 8.23 86.23 0.8646
14 1 0 -1 3.67 8.13 81.21 0.8402
15 1 1 0 3.65 8.11 84.31 0.8548
16 0 0 0 3.49 11.42 91.31 0.9816
17 1 0 1 3.55 10.2 88.12 0.9327
F 10 EMESITFHEFENST
Table 10 Fuzzy comprehensive evaluation value variance analysis
J5 22K IR A ¥ F P I E
FEEY 0.0514 9 0.0057 70.42 <0.0001 aTE
A 3.380E-06 1 3.380E-06 0.0417 0.8441
B 0.0012 1 0.0012 14.47 0.0067
C 0.0018 1 0.0018 21.63 0.0023
AB 0.0011 1 0.0001 1.41 0.2736
AC 0.0031 1 0.0031 37.69 0.0005
BC 0.0005 1 0.0005 0.0005 0.0376
A 0.0056 1 0.0056 69.33 <0.0001 aTE
B’ 0.0252 1 0.0252 310.70 <0.0001 aTES
c 0.0098 1 0.0098 120.70 <0.0001 aTE
FRE 0.0006 7 0.0001
A 0.0002 3 0.0001 0.4962 0.7044 FNTE
afiiR 2 0.0004 4 0.0001
S 0.0520 16
T BRI A PPN
&
#0. <
<o =
% =
B

B: kgm0

-1.0-1.0

A: HeFh /%

-0.5

0 0.5
A: FEFI R/ %

7 % R S AR PR R TR LI B A2 TR LR S M o o T e 468 i £

Fig.7 Response surface and contour plot of the interaction effects of various factors on the fermented beverage of Orah lactic acid bacteria




%4

KUK, S ) PR PR R A B UORHIVE T 229t Bt 5 183

G
G077 7L
//II"

7

7755

sl

BB AP

0.
-1.0-1.0

C: RFEBE/C

B: K EINTA]/h

MR SIEAT

C: KB/ °C

~1.0 0.5 0 0.5 1.0
A: FEF R/ %
10 B ZE & VN

0.5

C: KR g/ ,C

0 0.5 1.0
B: KT R])/h

P 7(2%) A PRIR A A OGO L IR Bl 5 e AR i i i o, T B 5 1o 4 1

Fig.7 Response surface and contour plot of the interaction effects of various factors on the fermented beverage of Orah lactic acid bacteria
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i 8 A s T PG IR A LR B K S A IO
TN 7.6 g/100 mL, JEFEEN 5.6 g/100 mL, TR 42.4%,
MBS RN 10.6 /100 mL, ST 3.8 ¢/100 mL, FF%
26.3%. S W A AP0 FHAS 7] 2 e X0 BOBAE & B 1R}
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Fig.8 Comparison before and after fermentation
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