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Effects of eight species of Lactobacillus fermentation on phenolic

compounds and their antioxidant activity in Feng Dan petals
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WE AMBLEESERFLMABHNLRE A, LR T 84
BRE GAMIAHR HEmA EIHE ., TEHEILAFA LA
AFECAEEILATE ERIAFE 8 T 8 SLAT B Aol Ak 2k
BOAMAALBRE AH IR . ELPRALETRGE
W, 25 R AU, AL AT B A B G 09 R AL I B B A B 3 B
HESANRHT 1.95% 4 12.51% (P<<0.05); & £AAE %
R FP<0.0D; A AAGRE®RRSG.DPPH A s A A%
FHmT 11.14% (P<<0.01), ABTS A A ikt £ m T
6.58% (P<C0.05) . i& R A ¥ Am T 16.19 % (P<C0.05), £ 4% 4n
HMEAHALSEE RAEMGETRBELEI>ANREGT
3.16 % 4= 0.81 % (P<C0.05),

KPR RS LB ILRE; S X8 S S B AA

Abstract: In order to select suitable lactic acid bacteria species for fer-
menting of Feng Dan petals, the differences of phenolic substances,
color difference and antioxidant activity of Feng Dan petals were com-
pared after fermentation by 8 kinds of lactic acid bacteria (Lactoba-
cillus plantarum ., Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus helveticus . Lactobacillus rhamnosus, Lactobacillus
acidophilus, Lactobacillus paracasei and Streptococcus thermo-
philes). The results showed that the concentrations of total phenolics
and flavonoids increased significantly after fermentation by L. plan-
tarum , which increased by 4.95% and 12.51% . respectively (P<C
0. 05). The color difference AE was significantly changed (P<Z0.01).
The scavenging activity was the highest, the DPPH free radical scav-
enging rate increased by 11.14% (P<C0.01), the ABTS free radical
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scavenging rate increased by 6.58% (P<C0.05), and the reducing
power increased by 16.19% (P<C0.05).The rutin and quercetin in-
creased by 3.16% and 0.81% . respectively (P<C0.05) after fermen-
tation by L. bulgaricus.

Keywords: Feng Dan; petals; lactic acid bacteria; total flavonoids;

total phenols; antioxidant
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HLLL RSP AL A SR, B ] 8 Bl FL IR T K I J5 AR 48 BT L B
B (0 25 R RN PT A AL RE T 1 AR Ak O T S Bl Y T
ISR P e S50V 8 1 0 X R TR SRR B AR A IR AT T AT LA
TSI ) — o B KU A FL IR R B UORHE 555
L #e 55k
1.1 #REN=E
L1158

RUFH AL - 38 BH & 7

PR IR « 0 it 0 9 g 6 IR AL T R A R R 5

B-ERIHRG B R G VLR B P A R A PR FD

PR FIARRE AR A

Y FAT B (Lactobacillus plantarum , HZL p-005) T
&3 # B (Lactobacillus casei y HZLc-017) | B + FL#/F &
(Lactobacillus helveticus » HZLh-003) , 4% fl #| W L #F
(Lactobacillus bulgaricus s HZLb-006) | & $ 4% BR 1 ( Stre p-
tococcus thermophilus  HZSt-012) | B 228 2L+ 3 (Lactoba-
cillus rhamnosus , HZLr-023) . W& 18 F. ¥ B ( Lactobacillus
acidophilus s HZLa-008) . @ T W& FL#T W (Lactobacillus pa-
racasei s HZL p-019) ; 5216 25 (R

FTOREFR ANHT N EELRMET REER,
Mk i R L ILZE B AR R IR M A Y RLECR TRA A

TR R - B R L RO TR A 5

Ve 3BT 4, VL850 D e AL = By A IR /) 5

1,12 2- SRS IR OE B (DPPHD [ 3% .2, 2- B0 AL —
(3- 2 FE- T IF M- G- 1) — 8k 3 CABTS) [ i 2 . F Vg i 5
LA R

MRS 35 4k 7RI YR A BRA W) 5

H 2 - s ol , R ey 8 B Ak 2 iR A PR 2 ) 5

ToK S 3 A 4 K HE T 7 R A 2 R A BRA F
112 EEMNERBE

F AP IR K VA B . HH-S4 Y, 6 52 B4 7k % X 2% A BR
AR

i TAER . SW-CJ-2D AL, 75 M i b B4 A R 5

pH 1t . PHS-25 Y, |45 %R AU A BRA B

SRR I IR K T i : LDZX-50KB B, |- iff H1 %2 BT 2%
Y
A AL B FRAR  SPX-250 Y, b 50w Ak O BT BT AL AR A T 5
B L TG16-W L, 3] g 1 A 52 590 % (X & T & A R
G366 EE T UV-2100 Y, JEJR AR C 1) A 88 A7 BR 2 ) 5
4 A3 0 2 31 SC-80C AL, b 5T HE 6 o 4 AL 2% A R

/L\\#

&l

5

&l

R TR 3 - 1260 78, 22 [ Agilent 24 F]
L2 Ak
L2l BEAEA 230K 8 FhELIR B B T MRS {48 57 4k
.37 CHIE LGSR 18 h,
Lz.2 RITAERRZIEHE & KPR U8 T )5 . VI i
(3~5 mm), il A 15 £ BT & 19 25 8 5 K $7 5 o8 47 44, 57

(0.03% FriEHR . 0.02% B-FFKINE) T3 W P, 65 TR 1 h,
BHARE A 62 BN I 100 mL 4% F 250 mL
=4 ,100 CKHE 15 min,

1.2.3 R M a3 R W s 9 KOE 5 R 48
R BETRWEES L0 3 mL ZLRR N K B
FI R He E :8.0~9.0 CFU/mL),5 000 r/min &> 10 min, 5
L MA 3 mL KB R AR K E R FLIR B A KE R
PG PRI .37 CHEIESR 36 h, KB 10 000 r/min
B0 10 min, B E .

124 BEEERSEMWE TR R IR .
1.2.5 BB EONE  wAREHR DY,

1.2.6 fEMME Z% RuiF WA RHAS 6%
THGE GO X & B RGP 6 R B2 R i 1) €0 P AT 0 2
1.2.7 HiRBSENE SEHEBREDI LRI
ORI . 358 : ZORBAX SB-Cys (250 mm X 4 mm,
5 pm) sl AK I B: 20 s W BIRF 0~ 25 min,
30%~60% B,25~30 min,30% B, H:iE 30 C;# ik K
230,280,360 nm; ik 0.8 mL/min, #AEm 10 L. HlfEA
[F) e B g B A 7y s ol 2 AR OC R ARG GA F) 0.999 DL B AR
YA Ry 94 %60 DL 1 e F AT 3 Yk, AR R B ) J 0
TR AR i P SRR S A

1.2.8  RFHEFLER K B AR S04 AL T R

(1) DPPH [ by H1E BR 090 & « 2 BSCiHk[16 05

(2) ABTS B 5V BR 10 & - 2 BSCkL17 ]

(3) IR 5 S FSCHR18],

2 HRSHN
2.1 WMEBMMAEMAZME

M LA LLAEN, 5 KB .5 B3l W & B RHE
RS A A A T AR 0 0.20% ~
4.95% I R Y LA B OR B S B & R R (P<
0.05) 3 fim4m hy 4.95% . BBy &= 3 0 HEE O - A 3L AT
TR > W R AT 1 > 03 in R I 2L AT 18 > T B FLAT 18 > W 5
BRUA . T 8 Fh LR I K B . K IAS IR 3L IR T & I B T 1Y
BB IR . ZEAAETBFSY Kk B 2 £ 1 4R T T RE R LR
Pk Tl R e A T R SR S, Sk A A 40 R RE SR AT T K i
TR AT 2 i ) — A P A BRI R . AH W FLFT TR AH L
AW, KB B & i W AR S, AT AR H e R i &
75T 22 (B R AR T 28 25 Wl S Ak o DA TR 87 A 400 44 L RE o Rl
B BT, Wouters %7 3 53 2 & AL & BedE 3%, &
WY HMEMARE TEE, WaEP i 3 MR LR E
REEATER T R I B 1 & A8 R TR IR R EE R B
LA R G liF 2 I & iR IR 2. X 2 5 A 5T 45
R—F,

5 R BERTAHEL . 6 Bl iR T A S SRR S B A B T
IR BN 0.64 %6 ~12.51 % , H: A 45 Jn ) 7 2L AT B R0 A
VYRR T R TS R R A Y B R i (P<C0.05) . M FLIR
WR G I A i e T 12,50 %, 45 I ) W LA 1 R S
PR A AR T 76920, R BRI I 4% KN HES Ol A
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B PR A - 8 i LR A R X JRUF AR o 0 2 ) o T e A A 3 A ) 5 i

FUATF B > PR I A S 2L AT 1 > B2 0 3L AT B > B SLAT o >
TR FLAT B > W8 TR ZLAF 18 . B 2 4 09 2 v B R Lk B
S T RE SR AT A Y £ T AR R SRR b B — S A i
AR T TR A B A 2R AL A T R ) PR K
PR J o S T 5 e RS R AT b 3 4 i (P<C0.05)

1 AEAIBREEZEBRAERRAEDSHAN
BEmMEMm
Table 1 Effect of different lactic acid bacteria fermentation
on total phenols and total flavonoids in the extract
of Feng Dan petals pg/mL
g R puy
% T 73.254-1.23% 1275.07420.11"%
T FLAT B 74.53+2.12¢ 1295.60+13.24"
I8 IG5 BR T 70.4541.244% 1277.57424.68
LR IR 2L AT 1 78.8841.98" 1296.98+10.37b
T FLATF 82.4141.88" 1338.13422.68"
R FLAT T 75.7341.89b 1268.17+18.99¢
B LR 74.7941.64¢ 1 275.03+6.29
&R FLAT T 73.7142.33¢ 1299.93+12.22°
T ms LA 69.8442.15¢ 1269.55+18.84¢

T R FIAS ) 5 B 7R 22 5 35 (P<C0.05)

2.2 IR
HABAR MR B E 2. BRI ATLE S, RS
FTHW R RS R0 2 P A TR BB R N F
SRR VAT AR R R LD A S AR, LR T R EE X
FHER BT - B 43 000 Wy 55 5 5R A T F AIK L A ) 2L R v
K RFHE B WS B R B A Ak R ). AR i A 2L A
WRBEG AT M RAR T B F R (P<0.05), i m T
PR T 3,169 A K R T0.81% . Hiflh 7 ML E ALY
R KRB T &R TR 48400 VR I W &
T JG A B 3 i R BRI O 5,470,

TERR T AR A) 2L AT B Ah oA 7 P FL IR A R B IS . AT

21 G B B S R AR (P<C0.05) , I8 EE N 7.42%~83.20%,
X B SRR AE R W )T & AT 3 PR AR (P<C0.05) , N RR IR &
9.41%~44.10% , KRBEZM &R WM EIAFELBRE S
BRI ROR 2 AR R Dy 4.29 00 ~8.50 %, i AR
B & R TG o A A R v B BT | v R LT T R
b FUFF TR S B R P AR B A LA T K B R R
B (P<C0.01) BN T 78.37% . 1L 4% Wy 7 % W% B oA 46 W 2] ,
Z AR N A LA T A A FLAT B L B 3L R B 00 R LA TR
R R S A R I B b R0 R LA R R RS S R R £

DL b 25 SR 3 L LR T Az B XU AE 1 5 R Y A1
Frm ML A . HP RO R R R RS T
Wik Bz 28 AT 25 N L AR W A — S R B s A LA T
KB ARBA IASB B AR, Kwaw S0V HALRE A
TS EE T G T M R . Bisakowski %
FHRE A FUAF B 0 21 2 R B2 )5 - RE (A B2 38 OB I Ak A
FZ BBEHF . Duenas 70 HRSe RO MY FLAT B A BEUL B
B A R SR, SAB AR BT R AR
TR Bk B v, 7o AE ) 2 W AL IR & 0y TR E AW i T T
R 3. pH BREAR AT LR 2 — 2y 2600, (8 o A2 1% pH B
PRV Py & i ZERRNY pH Y P 2 W 1 4R R
G PR R LR T T ER AR 1 AR HS . R B pH 4R
T RRE RS BE D S L A I R RS R A R A A ) AT
W AR LR B i £

F2 BEMREHEZRE
Table 2 Standard curve equation for monomeric phenol
P 1 o o il £8 77 7 R?
X ER Y=41.047X +876.90 0.999 1
M Y=10.836X —257.59 0.999 3
SECRED Y=11.836X+993.14 0.999 7
R BT Y=16.584X 1+927.52 0.999 4
NS Y=33.912X—1 311.6 0.999 6
Wi iz 2% Y=17.282X —879.95 0.999 5
L ZE 19y Y=135.974X —315.58 1.000 0

x3 AEAABRFELABMNRAEIREDEERNOZE

Table 3 Effect of different lactobacillus fermentations on monomer phenols in the extract of Feng Dan petals pg/mL

Ll X HR T ALY i 9a R H R i e R 1L 25
K WE 55.1441.50°  705.0547.81"  66.2844.14*  55.38422.00"  91.7824-0.57*  124.044-0.34" ND
TRFLAF 44.7440.68  661.37+16.40¢ 31.58+1.28¢  15.26+1.33¢  84.80+0.56¢ 115.3740.20" ND
G H A R T 43.0740.54%  613.2744.95% 13.70+5.98f ND 84.3270.29% 116.27+0.144 ND
R0 ) M FLAT B 49.8941.97"  727.26£3.70°  61.23£1.34"  56.4623.75>  87.8540.34> 125.0520.54*  21.8140.09°
T ) FLAF 42.2541.89%  670.8946.01c  11.224.447  98.6521.87*  87.1620.19° 116.8940.23°  22.34740.13°
R 30.7743.09"  609.5046.94¢  24.2242.77¢ 7.9841.27¢  84.7540.21¢  115.790.10¢ ND
B LR 44,9540.80°  624.73410.53% 49.40+£2.89% ND 92.1040.24*  109.6520.085  22.0740.05"
WS % AT 43.960.78%  661.49£5.72°  42.065.23° ND 87.29-40.48% 117.2740.26°  21.28-0.05¢
T s FLFF 40.314£1.00°  569.14+6.42f  22.314£2.06° 21.2541.85°  83.9940.44° 116.130.06% ND

T FBIAR R F RN 25 B3 (P<C0.05) ; ND FoR BA K 5,
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2.3 MWNEBENEIE

W 4 FioR, 8 A 3L iR B A I X 12 4 VB 00 5 B R ) i 3
(P<C0.05) L " {H 3 W AK . I 4l 0 2L FF 7 - 42 Jon 1) 37 2L #FF 1
0T B LA TR A1 o Al 2L I T R T8 O B3 BRI s B B R L
FREAN A LB A R W o " I3, & F IR kB
R ILP A EHH R MR RS AR E. KEER
PRVE L AR 09 R ARG Joc oAy i 25 1A AR ) FLAF 7R (P<0.05) L 1 3
KRG T A BN R UL Z R AESE R . N S TR,
L H5 B0, 8 5 & & B 3% 7 M 56 (P<C0.05), Lago-

x4 FRABREBEREBXRARRREREE

Vanzela 557 B 98 & B o * {H 55 8 B RLE 25 R 5 R A 6 IE
STRSH o H5 B R EE KX R R =0.806 5),
O 5 EHE S R B EA R (R =0.761 4), 5 A& &
WIEAH KR (R*=0.717 8) , R B Sl O E I &t 5 0" (Al AH
—EER, BRI ERW. Y RO EAE>2 B R 6F
AR AT L3 S A IR UL L BB S DAY € R R T B R
ft. 8 B pL W K g, M AT AE 878 b i 2% (P<
0.01), H.>>2, & WAl 9 2L AT 18 K B Jo . 5 48 W Bl € 25 Ak
B,

LA

Table 4 Effect of different lactic acid bacteria fermentation on chromatic differential of Feng Dan petals extract

T A L~ a’ b ANE

& BERT 97.9140.04% —1.064 —0.04f 6.7440.06¢

TR FLAT B 95.4240.05¢ —0.13+ —0.02b 7.04+0.02° 2.67+0.07°
I RE 2R T 97.2740.03% —0.6040.024 6.1540.03¢ 0.99+0.06%
AR I A FLAT B 96.3940.104 —0.1040.01" 7.15+0.02° 1.8440.08¢
T AT T 94.8940.641 —0.040.02° 7.20420.03° 3.22240.60°
B2 L AT 97.3140.05" —1.1540.04# 6.17+0.03¢ 0.82+0.12¢
i L AT B 96.9240.07¢ —1.02£0.03f 6.1440.02¢ 1.154:0.014
I IR FLAF 96.3040.034 —0.26+0.04¢ 6.24+0.03¢ 1.8640.04¢
Bl 1 1% L FF B 97.1540.04b¢ —0.69+0.03¢ 5.8140.04f 1.26£0.064

T B ) 5B R 22 5 i 3 (P<C0.05)

®5 AR AEMSBENEXRER

Table 5 The correlation coefficient of total phenol, total flavonoids and color difference

SIgE| JeNi T L~ a* b*
sy} 1.000 0

pEy gL 0.776 5" * 1.000 0

L~ —0.883 6% —0.667 2~ 1.000 0

a* 0.806 5* * 0.464 1 —0.839 8* 1.000 0

b* 0.717 8+ 0.761 4*  —0.6325* 0.627 1+ 1.000 0
To% % % "RIR P<T0.01, 22 AR B2~ » "FRR P<<0.05, 2 F B .

2.4 MREAEENZME

36 FTLLAE B RS E R 3R 4 T i 2L A B R 2L
FF B A0 R FLAT B & B8 )5 . DPPH B i 575 R R 5 &K B
M HG B 25 42 5 (P<C0.01) B4 M Bl 4.53% ~11.14 %,
B HFLAT R OR BESS E BRSO B T 1.25%.
DPPH 7E ¥ i 7T LAY B — A 5 19 & &0 B H 2 Bt 401k 7
I G S A R T R F I AR R E W TR
DPPH, , 7L1& i K B Pl RE <3 A6 B — S8 & 88 IR FRe I 9 4k &
Yo TR BR300 . i 7 7%, DPPH B i 2 7 Bk
5 R R AR R MO R (R 4R 0.992,
0.797) . 5 R BEHI A L . T W 2L AF B8 A ) 2L AT B8 AT 2R i A
WAL R B )G - ABTS B Hi 315 B R #8452 T 42 =, 3 i i
JEH 2.47 % ~6.58% AU AT R B T PR AR T B 3%
P25 (P<<0.05) , 4 6.58% , ABTS [ iy 5675 I 28 5 My v
i 2 R R TEAR E 2 2R (R? 43514 0.831 4,0.836 9),

MY FLAF & B )5 . DPPH B H 253 B % . ABTS H iy
FE VG BR AR AL S 4 BN T 11.14%,6.58%,16.19 % 5 {#
IR FLAF 1§ & B )G . DPPH B i 2L BR % ABTS H i 2
THER AL E S48 I T 4.53%,2.47%,6.07% , X85
2 TR R IS R R B B R R — B0 .

B 256 A P B0 AL BB D 19 R ) 1T fig 2 K05 & 36 b i iy
FR LB A R [ 51 A o PR AR i 7 8 v BT A T 2R A ) ol
FR A A 22 5L PR T Bk e P RE RS [T L X S B IE
527 ,DPPH,ABTS H iy 5 3F B 68 J) #id J5 01 5 S8 B 8T
) 22 1600 ) v AH DG PG 2R o DA BRI 19 2 & 43 AT o SR i A I 7L
R RIS T R M A 8 A ) R R BE R
TR XS 2 A R BEG B AL RR A A —
FEWK R . Bisakowski 277 F R4 7L AT B 21 5 20 K B At
B2 BT T R T M B OB AT S L S5 o BOA LT T
BT S AL TS PR . U TT D LR TR R R B0 2 W 5 (] i A
AR e W i A Hoh S
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B PR A - 8 i LR A R X JRUF AR o 0 2 ) o T e A A 3 A ) 5 i

R6 TRABRELBAWENAEAES Vel
MELERLE

Table 6 Comparison of anti-oxidation and anti-oxidation of
Ve before and after fermentation of different lactic
acid bacteria

gl DPPH/ % ABTS/%  #JE S (OD i)

K BERT 80.2340.45  56.0541.20" 0.24740.04"

TR FLAT 88.2341.00° 57.434+1.57" 0.26740.04¢

1 A TR T 76.56+0.67¢ 54.4740.46% 0.25240.05¢

BOMAEFLFFE 83.8620.470  57.050.79"  0.26240,04%

T AT 89.1640.47¢  59.71+0.66°  0.28740.03"

S L AT T 79.76+0.614 55.4340.65%¢  0.25040.04f

Fir b FUAT 81.2340.31¢  54.04+0.59¢  0.259+0.03%

e 1R AT B 79.3341.084 55.954+1.43bd  0.27840.05"

RN E R 77.40+0.46¢ 51.6240.57" 0.23340.05¢

Ve 54.0640.40" 43.1040.35¢ 0.206+0.04"

T [FFIAS [E S s 28 5 B 35 (P<<0.05),

BEMRAXREE

The correlation coefficient of antioxidant activity

R7T MEKEESE®H
Table 7

and total phenol, total flavonoids difference

i 5 DPPH ABTS i i ) eyl sy gL}
DPPH  1.000 0

ABTS  0.832 4** 1.000 0
WIES 0.689 7*  0.823 3% 1.000 0

pEN 0.9920** 0.8314** 0.887 6** 1.000 0

BEER 0.797 0% % 0.836 9" % 0.724 3” 0.776 5** 1.000 0

oot x "HRIR P<L0.01, 2R B E: "« "R P<L0.05, 257
.

3 g5

AT LE R R W], 8 Bl 2L B T K R P A6 R R 4R L
53 LT T RE 5 1 i EL G L R A R B b A AR
HoA AR Y LA T e T T AR A S B, 5 IR 4
FAH A 4R 2 T 4.95% 1 12.51% (P<C0.05) , % T FlHfif i
F2 PG AR W P 32 A AR T O T R B AT T K
JE Y AR T 3.16 % A1 0.81% (P<C0.05) . 48 Y1 SLAT 14 & 8%
J& ., DPPH H LB R M T 11.14% (P<<0.01) , ABTS H
B BRI T 6.58 % (P<C0.05) . 38 5 J 8 7 16.19%
(P<C0.05) , KBt AL R 1 & 8 PRl MR P s i . M 3L
W & B B0 22 ANE =2, K B W60 B 1 T A o 1 IE
FUFF AR X BAF BRIt o 5 3900 SR FH AL 0 2L A 7 0 5 lm ) I
FUAT R R K B RFH A6 . 2 Fh 2L IR T 2 ik — o R 4R i B
By BT % s DR R LR T G A T Y 2 R e
Wil K, T AE 9 LA T R T 5 B AL AR O B i, BOX 2 Bl LR
T T R A6 e F] 3R T AR JL LB

S &k
CU) Phal . BRAE . XS 45, 22 3004 38 3 24 44 2 [ 53 B A 36
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