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Lactic acid fermentation of papaya juice using single and

mixed Lactic acid bacteria
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Abstract: Objective: Phytochemistry, microbiology, flavor and

functional properties of fermented papaya juice were examined in
(Lp),
(La)

relation to Lactobacillus plantarum Lactobacillus

rhamnosus (Lr), Lactobacillus acidophilus and their
mixed strains (Lp+Lr.Lp+La.Lr+La), in order to develop a
probiotic papaya beverage with improved functionality and health-
Methods:

promoting properties. In thisstudy, changes in pH,

total soluble solids, titratable acid, viable cells, glucose,
fructose, sucrose, organic acids and volatile compounds were
determined. The contents of total phenolics and total flavonoids,
as well as the inhibitory activity against a-glucosidase and
tyrosinase enzymes during the fermentation process, were also
investigated. Results: The single-and mixed strain cultures
showed similar changes during the 72 h fermentation period,
exhibiting significantly decreased pH and increased acidity. The
contents of lactic acid and succinic acid greatly increased, whereas
that of citric acid and malic acid decreased significantly. After

fermentation, the content of total phenolics and flavonoids
increased in papaya juice. Pearson’s correlation analysis revealed
that the metabolism of phenolics likely contributed to enhancing
a-glucosidase and tyrosinase

the inhibitory activity against

enzymes. Among all fermentation groups, the papaya juice
fermented by Lp exhibited the highest contents of lactic acid,
total phenolics, and flavonoids, showing the strongest inhibitory
effect against a-glucosidase and tyrosinase enzyme. Additionally,
six types of aromatic compounds were primarily detected in
unfermented papaya juice, with butyric acid content being the
highest (89.742%), followed by linalool. After fermentation, a
total of 25 aromatic compounds were identified in the six
fermented juice samples, and the content of butyric acid declined

significantly, which reduced the unpleasant odor of papaya. In all
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fermentation groups, the Lp single-strain culture generated the
most volatile components (18 types), while the Lp+ Lr mixed
culture achieved the lowest (5 types). Although the Lp -+ Lr
mixed-strain culture had the highest number of viable bacteria
[7.61 1g (CFU/mL) ], the Lp single-strain culture may be
preferable overall. Conclusion: The Lp single culture could
improve the sensory characteristics of papaya juice and enhance
its beneficial properties.

fermentation; Lactobacillus

Keywords: Caricapapaya L.;

acidophilus; Lactobacillus plantarum ; Lactobacillus rhamnosus
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JRBEH A 1 RE IR A 2808 7K, 65 C A 30 min, T i
VARG H 10° CFU/mL 45 Bl i 43 51 #2 Fh A 9 2L AT 14
(Lp) ERZEBEFF B (L) (W2 FLAT B8 (La) LA K 3 Fp 2L AT B
11 PP TR T B A FLAT R+ R A
(Lp+ Lo FE#FLAT B+ BRI B (Lp+ L), 20
M+ "M AL E (Lr+La), 37 CERESRE 72h, KK
T R AR 22 VB R BT —80 TR RS .
1.2.2 ALTE 4RI E

(1 pH fE R H pH i1k,

(2) WEEPEREIE Y& & . 2 NY/T 2637—2014,

(3) KR . Z | GB/T 12456—2008,

(4) HH BB M GB 4789.35—2010,

B BE. 52— RESIBBABMNBARTRRNZIE

95 Rl 0 D 7 R R O P AR 0 3

1.2.7 #EMEYFEME  WRIE Gomes F (1 )y ik iE X4
16 2, SR Y = 7 0 A FF SOME S T R I SO E R A
JRIT 15 kY ﬁ ## 4 Supelcowax (30 m X
0.25 mm,0.25 pm) , RS FEFEIRE 200 C 5 A
S FHR AR T AL 2 °C/minM 50 CTFE 150 C .4+
5 min; A (He) i 1 mL/min, FiiEsF. ELTH; BT
BT 70 eV BRI IR E 250 C 5 B F USRI 230 °C; 3
J A R BT FE Gn /2) 2 20~350,

2 giR5br

21 BEARRAARBIEFELERNTH

1.2.3 Bl RCEER S R B A AR A A 21 AT g0, ARJRIT R BE 72 h J5 45 4 nT 31 [ 9
Wy 2 T R 00 3% 4 ) 2 SR 9.5 Brix R 8.0~8.5 “Brix, AJKRSLAY pH
L2.4 AHLR&ENE 28 GB5009.157—2016, HA 5 A4 574 3 Fh L i A K iy i iE pH fH, & B2
1.2.5 MpEERME 28 GB5009.8—2016, 72 h ) 254 pH AABBEALH 3.3 47, 4 4177 E MR &
1.2.6 oM AMIFEE B AR EENE B o-Wa EIBEE.
x1 BARNAABIEPECERNTHL'
Table 1 Changes in the physicochemical properties of the fermented papaya juices
a5 S e ) / ol TR MEEIE Y, T E R/ T WA/
h “Brix (g« LD lg (CFU « mL™ 1)
Lp 0 5.0740.02° 9.5040.01% 1.46+0.02¢ 6.0040.00%
24 3.5940.01" 6.500.02¢ 2.9140.31¢ 8.3140.06"
36 3.34420.01° 8.004-0.01° 5.90£0.07" 8.434-0.10°
72 3.25240.03¢ 8.5040.02" 8.514-0.04" 7.41240.104
Lr 0 5.0740.01% 9.5024:0.02° 1.464-0.21¢ 6.000.15
24 3.5840.02" 6.0040.03¢ 3.1840.32¢ 8.59+0.02°
36 3.36220.01° 8.0040.02" 5.8540.11" 8.624-0.05¢
72 3.2740.02¢ 8.0040.04" 7.3740.10¢ 7.5240.104
La 0 5.0740.03% 9.504-0.03" 1.46+0.05¢ 6.0040.03"
24 3.6540.02" 6.000.05¢ 2.804-0.33¢ 8.3140.09"
36 3.39220.00° 8.2540.01" 5.7340.35" 7.60420.10°
72 3.3420.02¢ 8.00420.02¢ 7.29240.56° 7.2640.01¢
Lp+Lr 0 5.0740.05% 9.5040.03% 1.464-0.50¢ 6.0040.21%
24 3.5040.10" 8.4040.02¢ 4.6440.10¢ 8.51+0.02°
36 3.36£0.20¢ 7.0040.04¢ 5.9640.20" 8.40+0.03¢
72 3.2440.05¢ 8.0040.03" 7.7440.21% 7.6140.104
Lp+La 0 5.0740.05° 9.504-0.042 1.46+£0.22¢ 6.004-0.02°
24 3.5540.10" 7.0040.01¢ 2.864-0.33¢ 8.3640.09"
36 3.362420.06° 8.004-0.02¢ 6.2740.35" 8.264-0.05¢
72 3.3040.00¢ 8.5040.05" 7.74740.24* 7.0040.224
Lr+La 0 5.0740.03% 9.500.00% 1.464-0.31¢ 6.0040.31%
24 3.53240.20" 8.002420.01¢ 4.5141.20¢ 8.5240.26°
36 3.34+0.05¢ 8.5040.03" 6.8840.05" 8.4940.07¢
72 3.2740.01¢ 8.500.03" 7.1140.10° 7.4141.219

T R F RN [ e 7R 28 53 835 (P <C0.05) .
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OB & W, BOAR 3 Bl FL MR B LA AR LY A0 e 5K
[6.00 1g(CFU/mL) J4#h . H % B 72 h J& . Lr 3% b 50U &
A 7.52 1lg(CFU/mL) s La ffiki A 7.26 1lg(CFU/mL), 5
Malik 4520 [ 45 52 28 o1, HL 0 BR 40T B 170 o 7T 6 R A
SRR ER B, WA WA B4 F, Lp+ Lr A& W 4L
e F N 7.61 1g(CFU/mL) , [7] i o 2 i A7 % T 4 b (LT
R D A B R B MA. i Lp + La By B AR
[7.00 1g(CFU/mL) ], &k b, B — P s w] LUk 2 % AR
W R EEE R, TR TR A & AL T 0 B RS T R A A
HAERAMRKE R, AL R —F R BER, f & b=
Fafie ) T PRAE J) & SR T e G 55 P RE LB — 1
g ol RS G 1 e B SR
2.2 BRINTEZBEEHERNTL

M2 2 AL K IR R A A I R AR R
L T A8 (AR IR A B I R B e, Ay e R
JRHh RS A D IR KR 5 TR 45 R — 3.
B — TR R TR, 3 R RL R TR E R I R A A b L A
FLAF B B0 T AR RE ) J SR . T TR G SR 1Y T FE RE D 3K
FRIAE D RS E R ILAT R IL-T R FER M, RA
WAB WA EPEE R, AHEE RS AN E.
PR T8 T 0 1 L AT B AR S b AR R A R R

x2 BANTEE 2 hEEEHTHL

Table 2 Changes in sugar content of the fermented

papaya juices (72 h) %
453 A e REHE
KK B 3.24740.03% 3.2240.07* —

Lp 1.0340.06# 2.1440.02¢ —

Lr 1.330.02¢ 2.8740.04¢ —

La 1.1940.10" 3.2040.11" —
Lp+Lr 1.46+0.02¢ 2.50+0.09f —
Lp+La 1.534005¢ 2.63+0.03¢ —
Lr+La 1.640.06" 2.7340.02¢ —

T = RAR R 5 [ 5 FBEAS [ 3R 22 52 i 3 (P<<0.05)

BE267H | 2024 £1 B | RARSHM

AP AT TR U B 05[] st X 3 V9 o 2, LT 2 W A A
B R SRR LA e e BB L e L W N A A b
BEUE WA B A RO B RT . 2E L RN &4
W FLFF D B R TR S T 23 AR A Y XU
2.3 BARNTEABEENBRESENTN

B 3 WA, AR T h 5 o HLIR & & 25 7 8
K. HPHERSERE N 3.47 g/LiVRRETBRZ,
H2.98 g/L, FTARMIG&MIMBE KIS A HILRA
WRAET REWMAR KA., KB 72 h 5, AR AN
R &t W BN AT R A R Y i W PR AL, WA
TR K, Hod, FLR AT & SR ) &
EHEIB. Lp ETA KB b= Al maEmsh
14.41 g/L,Lr+La =B H £ (10.89 g/L), HAb & g 41 45
JHIE . Chen 25U HF 5% %2 BAL, 4208 B2 L AT 11 A A 4 SLATF
WREEG » T A 2L MR & & 43 3k 5.43,5.71 g/kg.
FHA L, KB T AT L3 i — A 3 5 TR AR S R
WA 58 2 L 5 A O FUIR L 38 T AR A e R A LR L
LBRFE L BEDTER AN £ 8RN . Mousavi 251 & Bl Y 3L
FF T A8 0% ) A S S R VR by ik VR, L 3 L R 19 1% 15 55 AR
WHEEFFIR . Rk, 25 407 B R A S SRR & L e R
¥y 4 2 WA, i LR A ik D) G, 2 4 R AR T W Y
T LR A RE S A = R BRAG 3R 7 AR AT R A L3R
HARR . B A W I % TA AR A BN, 0T 0E Y A R A B R A
T 7 0 R A E TR A R o DU T s i
RS 0 g, B ) SR T Y R R

S5 b, B R A T RIE B B PR TR ORI i AR
5 Fi A ML 09 AU AR AL B0 B AU BRI 2
PR Lp fE =L o BAT fh it AR KR b AT RE I
Ty F A8 ) FLAT B EL A R 14 7= R R R B K AR A Y g
Ji. Bk Lp J&F R & B2 A rh f 3 ik S A R e, 2L
A AT ARG A ARSR Y & BBk KL A RE . B
PR AN R, T La R MR MR IR R, R
IR A () LR A W, AR LR L oAb, b T
1 6 Bl LR B W T ST T Lp E A B0 1 7 R fiE

£33 AEBETIEBEANTHENREETN
Table 3 Changes in organic acid of the fermented papaya juices (72 h) g/L

4531 W £ R R FLMR Frigm B 1R
R KT 0.58+0.02¢ 2.9840.01° 1.6240.028 3.4740.00° 0.580.00#
Lp 0.634:0.03" 1.80+0.021  14.4140.04% 1.6820.10° 1.2420.10°
Lr 0.56+0.02¢ 2.01+0.044  12.86+0.10° 1.59+0.104 1.2240.10°
La 0.5240.02¢ 1.65+0.028  12.9140.56" 1.8020.01" 1.0820.01°
Lp+Lr 0.570.05¢ 1.9840.04¢  12.62+0.22¢ 1.4740.02¢ 0.684-0.02¢
Lp+La 0.66740.00° 2.25+0.05¢  12.5240.24¢ 1.2940.22f 0.66-+0.22f
Lr+La 0.4240.01° 2.51+0.03"  10.89-+0.10° 1.17+1.21%8 0.75+1.21¢

T SRR 7R 22 53 B3 (P<<0.05)
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T3 CHE Y FLAF T8 = Bt 1 2L A 0 = 06 B 33K 28 > | T s 2L
FF TR > B H BRER T > WG IR ZLFF 1)

24 BARAEEBELH SEMSEMBIINEHFEN

T

2.4.1 BBy EHEEESE bR 4 KRR R T
AR T T R B i R TR AL I AR T R R W Y A
SN 1.17~2.93,0.81~1.38 mg/g T3 . BE®H T AKX
2 (1.15,0.52 mg/g T3) ., SHMFLMEM L, Lp
oA SR T B B g R T R S B A R, AT e S LR
A B K R I B A OGS LR & B R T R 2
SHEEUITREREGYEROE R R RERZ
WG 2 & WA A BB 2, b B R Al T R T, T B R
PR 5 BN AR BT 2L AR T . B AT R A Y R
1EA 22 B 7 T 2% R A AR A T E L AR FLAF TR JE Y BT
B YRR, 675 T R SR A 3 U A A L
FEVA BT Re A BN B s 19 2 B AU e 1. Wang
ST v R AT VR AT FLAT R R LR M AT R R T A
T BT & ALY SR A A AR T 20.49%6,37.6 %,
12.46 6 , S HL R & 2 4 B4R = T 20.3%,37.5%6,16.0% .

x4 EBEVhEEANTEBAMAEWNSENETL
Table 4  Changes in total phytochemical and flavonoids

content of the fermented papaya juices (72 h)

mg/g FE

20 51 p=N s A T
K 1.1540.268 0.52+0.12¢

Lp 2.934+0.11* 1.3840.09*

Lr 1.19+0.15¢ 0.9240.10¢

La 1.64+0.134 0.9740.07¢
Lp+Lr 1.17+0.21f 1.03+0.15¢
Lp+La 2.10£0.17° 1.11+0.12°
Lr+La 2.0540.09¢ 0.81+0.21f

T RS R [ 7R 22 5 835 (P<C0.05) .

2.4.2 DHRERRMEAEGL B 1 AT, RIS o3 A
B BRI 2R 10.47% . KIS o 4 B B30
FRER S, Lp.Lr.. La M43 5 R 48.48% . 36.55%,
43.46% , Lp+ Lr.Lp-+ La, Lr+ La & i & A KT )5,
o~ W1 76 1 I 0 2R 43 1 R 39.86%6,44.39%6,39.47 %,
BARSEE, Lp M5 & BT . o7 %0 B 04 1056 1 A0 g
SR ST R M R ORI B R 28 9 M W B A B . 2 W LA GE
B KA AR5 o 4G W 0 AL A A
P X 26 B ) 4 AR 3 P . Ankolekar %8 BF 57 0,
EmPEHERES WA BTH S REAMEG=
—0.79~—0.99) . A W5 R, o4 & 5L R
WPE S S S R AOC, R 5 R, o A T
Mkl 5 R BN A BT W A DG A G R4y

B B 5 -REAIBALBMEFEANTRRNIZM

501

30

o 0 A LT B ) 26

Inhibition of & —glucosidase activity/%

10

5'57){?%‘ Lp Lr La

Lp+Lr Lp+La Lat+lr

Culture
FER [ R 2 57 8.3 (P<0.05)
REET2hBEEARNT R o-F HHBFEBRE A

a-glucosidase inhibitory activity of fermented

A1
Figure 1
papaya juices (72 h)

x5 ABBEANTHIIRBEMEIZEFERSH
HERE
Table 5 Correlation coefficient between functional

performance and main active ingredients of
fermented papaya juices

ENE Wi o il 1 BB ARG

SR 0.837" 0.847"

SES LI 0.844" 0.783

t % RIRTE P<0.05 KV B EME,

H°50.837H1 0.844, R EEEIRFIE R, K S P LAY
FLAT B 40 106 19 1 1T L4308 3 K A TN v A W 1 R i
TFICH Z Wy 2 5 . 3K B o~ 25 05 T 0 P VR
N TR) LR T X - 77 W 1 A0 0 B 3 i 25 5L T RE R R
T A [5x4 o A A I AS R T R

i R s BB 0 38 AL I Y PR O L L S R R A
IR ARG VT g R B A Rt £ T 8] &
WARBE EAB S Z N A E2R M, & R BEEA

50T
2 40
2 30

* 20

Pifk 20 1 ity 410 i) 2%
Inhibition of tyrosinase activity/%

0
KK Lp Ir La
kil

Culture
SRR R R 22 5 1 3 (P <<0.05)
B 2 KB 72 h B &HAINT OB R BB AL

Figure 2 Tyrosinase inhibitory activity of fermented

Lp+Lr Lp+La La+Lr

papaya juices (72 h)

179



FF % B B DEVELOPMENT &. APPLICATION

R e 1 SR G 0 ) 3 P 28 S0 2 in . LR T R R AL Y
v LR A T R B R TR, B3R 5 Rl AT, K AR
R S AR P EAA K G=0.847) (0 5 B #
TR EMOCHE . WM PR R, B R 4R Y
Xof T S Wk EL AT ARy B0 A o BE L MR R D 5 A
BEREEMRE (- =0.879), Lizardo ZY BESE % W, B T B4
FLAT T BRI %o T TR I 400 o) 3% P LA ) SLAT T
e PR 3 TR TR A TR ) B AR

25 b FLIR TR R B MR PR LAy D BB AR R T R S £
B3 22 A A7 TE T2 Ok i W] I, By Kb 5 ) % = 5 AL 1R
B AR AR G . 2R A0 G W RT LR e L R T R AR

BE267H | 2024 £ 1 A | RSN

KARIET . TR A TR R B L B — T AT R B T R A
B PR 34 32 B OO F B RR O AR B PR . TR O G g
R TR 5 RNAEL N ) 2L R B A T AR P B m T RE
.
25 BARINTEBEEZERSNEN

Pino %0 B 5T 2 W, 7 AR i 22 B4 R M A DA TR
2R F (A BAERPIN 40.8% ~63.0%) . 1 Farina 45
TR 2 W, 25 Bl (AT 38 90 %6 DL ) N 5 6 450 R % 155 o4 4%
RESRRSC . R 6 nT, TR R 5 A A R IR
A E RSy, 0 2 o B A B 89 N 7% . & FLAT
BRBEG MIE LR Z AT B, EH TR

6 AEBThEARKTHFEEELZERS
Table 6 Major volatile compounds in papaya juices after 72 h fermentation
Bk . ﬁ%%’%lﬁ AHXS B ik / %
[E]/min  JEARI  Lp Lr La Lp+Lr Lp+La Lr+lLa
[IES T 4.220 89.742  70.25  67.925  70.372  75.406  72.970  73.980
% 1.879 — 0.842 — — — — —
o R 4.278 — — — 0.005 — — —
P2 5 AR 9.311 5.782 6.753  6.099 6.895 6.954 6.180 6.480
ST AR 9.131 1.645 — — — — 1.716 1.890
J 205 R AL 9.130 — — 2.013 — — — —
7% 9.129 — 0.230 — — — — —
S 2, 4- T R 13.703 0.953 - — — — — —
i 2K Z R W R 1.710 — 1.915  2.128 — 1.497 — 0.488
2-(5-F 3k-5- 2, I ik 7 S0 0k g - 9.127 — 1.825 — 1.782 2.079 — —
2-F) N -2-BE ik R £ e
T2 i 16.873 — 0.078 — — — - —
i 24 1] 1.628 — — — — — 1.271 1.093
2- 7 i 2.555 — — — 0.266 — 0.282 0.323
3-FRHE-2- T R 2.539 — — — 2.643 — — —
HHEK HR 10.056 — 0.140 — 0.210 — 0.110 0.130
i 2 R 10.927 — 0.089 — 0.154 — 0.931 0.103
ek 2,6,11,15-P0 B 3k 4N ke 13.703 0.779 — — - — — —
2,6,10,15-P4H B+ L b 15.198 1.098 — — — — — -
(RS 12.713 — — — - — - —
75 %8 11.942 — 0.020 — 0.010 — 0.030 —
3 16.704 — 0.170 — 0.110 — 0.090 0.130
Z e 13.885 — 0.132 — — — 0.095 0.238
e 18.058 — 0.460 — — — 0.220 0.410
i WAN ¢ 15.526 — 0.310 — — — 0.54 —
o P 15.200 — 0.020 — 0.030 — — -
7Y+ 7 14.875 — 0.890 — 0.770 0.670 0.830 —
75 W BE IR = RE AU e 26.329 — 0.880 — 0.710 — 1.100 —
PR P R AU 26.179 — 0.590 — 0.440 — — —
HAlh 0.000  14.406 21.835 15.603  12.837  13.591  14.735
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