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Effects of Lactobacillus plantarum and L. fermentum Fermentation on Anthocyanins in Blueberry
LI Si—yuan'?, LI Shuang—jian?, ZHANG Hui?, DI Qing—ru'*, FAN Lin-lin?, LIU Xiao-li"*", SUN Bing-xin'"
(1. College of Food Science , Shenyang Agricultural University , Shenyang 110086, Liaoning , China; 2. Institute

of Agri—products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, Jiangsu , China)
Abstract: Lactobacillus plantarum FM—-LP-9 and L. fermentum FM-LP-SR6 were used to ferment blueberry
anthocyanins, respectively. Further studies were carried out to examine the changes of total bacteria count,pH,
color difference,total flavonoid content,total sugar content,total anthocyanin content,anthocyanin monomer
content and organic acid content during the fermentation. The results showed that the total bacteria counts of
both Lactobacillus strains were higher than 9.0 lg (CFU/mL.) after fermentation for 48 h,the pH of the fermen—
tation broth decreased to 3.6, the total sugar contents decreased by 48.65% and 58.97% ,respectively, the total
flavonoid contents increased to 11.4 mg/L and 11.8 mg/L, respectively, the total anthocyanin contents decreased
by 48.63% and 46.06% ,respectively,the color difference increased and the color became darker. Both Lacto-
bacillus strains could metabolize anthocyanins and transform phenolic substances,while the content of antho—
cyanins decreased during the fermentation. Further principal component analysis showed that the anthocyanin
monomer components of anthocyanins after the fermentation with Lactobacillus strains were significantly differ—
ent,mainly in delphinin-3-0—glucoside and cyanidin—3-0-glucoside. In addition, the contents of lactic acid
and acetic acid in the broth increased, while the contents of oxalic acid, malic acid and acetic acid decreased af-
ter fermentation by the two strains.
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Fig.1 Changes in the total number of colonies and pH during the

fermentation
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Fig.2 Changes in total sugar content during the fermentation
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Fig.3 Changes of total flavonoids and total phenols during the

fermentation
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LP-9 Fl L. fermentum FM-LP-SR6 [ 48 h, S 8 &
AN 11.4 mg/L A1 11.8 mg/Lo £8 L. fermentum
FM-LP-SR6 & % J Gl LI 5 F 0 (L R B A IS 8] (24 h)
PR plantarum FM-LP-9(32 h). B AR5

RIRLT e AT 28 T s BT 2 s, 5 AR i A

FELE Tl . PIRR TR & BT I S % R AR AR A AN
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EEETEI ARG TR M E SR — o KRR
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Table 1 Changes of color difference in anthocyanins during Lactobacillus fermentation

L. plantarum FM-LP-9

L. fermentum FM-LP-SR6

B E/ L* a* b* AE L* a* b* AE
Xf HEZH 23.73+0.43 40.22+0.03 32.58+0.07 23.73+0.43 40.22+0.03 32.58+0.07

0 26.12+0.53 42.53+0.35 37.14£0.48 5.60+0.32" 27.00+0.52 43.24+0.24 38.41+0.60 5.08+0.77°
4 19.25+0.24 41.84+0.11 29.63+0.31 5.64+0.72" 19.55+0.49 41.66+0.04 30.09+0.70 7.33+0.74"
8 15.38+0.55 39.60+0.35 24.19+0.78 11.86+0.93¢ 15.00+0.70 39.12+0.31 23.76+1.15 12.47+1.29¢
12 12.89+0.36 37.47£0.21 20.53+0.53 16.45+0.58" 12.75+0.14 37.16+0.08 20.27+0.21 16.78+0.18"
16 11.51+0.35 36.11+0.28 18.37+0.53 19.19+0.60" 11.57+0.12 36.05+0.08 18.51+0.19 19.06+0.15°
20 10.77+0.31 35.48+0.21 17.21+0.52 20.66+0.55" 10.65+0.12 35.11+0.02 17.06+0.21 20.94+0.16"
24 10.13+0.23 34.73+0.18 16.20+0.33 21.99+0.35° 10.24+0.24 34.69+0.15 16.45+0.42 21.7420.42"
32 9.89+0.22 34.37+0.16 15.86+0.41 22.48+0.40™ 9.96+0.11 33.78+0.31 15.95+0.22 22.53+0.32"
40 9.67+0.37 33.59+0.36 15.51+0.58 23.09+0.69* 9.67+0.37 33.88+0.28 15.51+0.62 23.00+0.69"
48 9.27+0.18 32.89+0.09 14.83+0.32 24.04+0.28" 9.42+0.44 32.93+0.29 15.08+0.68 23.75+0.78¢

T« [RVSAN i) 5 B s A ) T TR AR ) A TR [ A 7 0 25 P22 5 (P<0.05 )

H 1 [, BEE AEERT R IR R L* o b* (H
FENR IR o L BEARFR AL 0 R BRI (A8
%, a* (A FEAR R AL T R R 2T 55 , b (AR
TR O KRR (LRSS AR (BRSO s B 241
K, AE>3 B RERH S 5800 Bt 22 )™, R I
SRR, WRRE AE 5350 D\ 5.60.5.08 3 K 24.04,
23.75, FHSMILE A i &A1k X AT RE S i &
Az A OGP,

2.5 FUFFR & B f P A 1 & 2 SR ARAE T Y
Ak

A0 W RS 1 S A R T BB M 4y, th A6
FABE A K, KR53 LR L AR, K el e
rAE T B R AL A 4 PR
120
1o#
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80 |
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50

40 1 1 1 1 1
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K EEH ] /h
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Fig.4 Changes of anthocyanin contents during the fermentation

—— L. plantarum FM-LP-9
—e— L. fermentum FM-LP-SR6

A& 2/ (mg/L)

W 4 Js, REERH AL O & i B K R ]
AE R S R R 3 . PR TR K I A AE (Y &5 1 2 7
110 mg/L, & EEfG AL OAT & i W R %, 28 L. plantarum
FM-LP-9 % ¥ 48 h I, fE 41 & & % % 53.49 mg/L;
L. fermentum FM-LP-SR6 /& [§% 48 h i}, {6001 & it [
£ 50.65 mg/L, FWITE KBS RO EFUAT R AE
P AT RERRAR L AL HAL L 51

KB P AR @ A TS R AN 5 By
7 RIS BRAARAE (T AR B iR A R DL LR 2.

-0.4 -0.2 0.0 0.2 0.4
1.5 T T T T
L. fermentum FM-LP-SR6 _{ () 6
Lol KA 3-0- R B ® A2 %-3-0-L IR
A -3-0- AN
40.4
X 05+
@ sstezs-osums 0.2
2 A B H3-0- %
[} . |
g T 2-3-0- B {F1HiE S
g 0.0 0.0
B H-3-0-F F LR L T 6 -3-0- - U )
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Fig.5 Principal component analysis of anthocyanin monomers in

the fermentation broth of Lactobacillus strains
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Table 2 Changes in relative contents of anthocyanin monomers

before and after fermentation
%

£3 AEAHEREIIEABEAEIRIETN
Table 3 Changes of organic acids contents in the fermentation

broth before and after Lactobacillus fermentation

L. fermentum L. plantarum

ST QR FM-LP-SR6  FM-LP-9
TKHEEL R 3-0-HAMETT  1.57£0.25 - 2.64+0.23
R FE-3-0-HEMT  27.09+3.12 - 12.14£2.15
FEAE R -3-0-"FFLETT  1.08+0.03 - -
SRR R -3-0-METT 4424073 5.94£1.81  7.53+2.23
REBGEB-0-FIRAAKEFT 2.55£0.39  6.08£1.90  2.68+0.31
SRR 3-0-PTRAAREY - 2.5620.15  2.02+0.08

AL E-3-0-FF LT - 1.62+0.04  14.30+3.26
AT 3-0—F UM 24.17£1.75 65355423  42.10£9.35
BRI -3-0- M HE T 23.88+1.83 - -
AP _3-0-FTHif T 1.28+0.12  3.23:0.12  1.47+0.11
FREAE 23— 0-FTHIAIHE 13.9621.42 15214240  15.11£2.56

T ORI R

P 5 AT, AN [R) LA IR A TR A il A AR (5
T I3 7 AR 25 57, RAE U A 25 5 22k H
AR R-3-0- L3 LR -3-0-HmHEH
iR, SRKEWAGEMIL, & L
fermentum FM—-LP-SR6 & )5 ALt HHr, ARG H
RHERL R 3-0- AT R AR -3-0- AT |
AR -3-0- L3 L0 1 AR 25 4L R -3-0-Hi 4 b
13 28 L. plantarum FM-LP-9 KBS WAL (O, Ak
BN REZE 4 R -3-0- LR . B R -3-0-#%4)
WEET 5 XoF BRZH (9 48 o P R A B A2 4 2 3-0-BT it
TEHEE AT R -3-0-FFUMEH . PIRR I A b nf
RENG SR T AL G AR YR R ZEAE A rh 2k i 2
43R 3-O-FTRAAEE AT R -3-0-LZME 1T . ]
MK SRR B RE I A 22 5%, AP ZLAT B AL (U Y
RS RE WA BRI, A RFTE R B—F 2L il A1
B — 1 25 AR Y i R S I K S g DT (BN [ T
PR SERE T RE A 22 53, 3% m] BB 2 PR I RR FLAT T4
X AR R ARIEBE J AN A
2.6 FLIFRL BTG L BRI A DL & 281

A BLURRXSAE OS5 W) B PR3P 4 T Ta] ot 2 ke
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