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1 MREFE
1.1 5

VPR (Hippophae rhamnoides subsp. Sinen-
sis Rousi) WA H NS FHE R A R A 4 C%
s R L E MW ILFFE (L. plantarum)
YHG1-155 735 A HAR L BER) T 2 KoK,
TTHERFEMRY S TR MAD LR,
B R TE U i AT Al A 5 TE 1k, 28 MRS WA B 57
5,37 °C 24 h g%, EEALMR3 W, HTES
L7

A HLER AR UE T Trolox Fr e (A4l ), I
IR AR AT IR A E . B Ol (gl
%) 18 E Meker A ] 51, 1- 8B -2— =il B 7 JiF
(1, 1-Diphenyl-2—picrylhydrazyl, DPPH) 2,2k
R (3= He 2R TT E M bk —6—fifi 112 ) [2, 27— Azino—
bis (3 —ethylbenzothiazoline —6 —sulfonic acid),
ABTS], i 2 se AL A BR A R 5 BT A 03 5
FA LI 2 8 [ = o Mrali %
1.2 &E5UH

L PG R TR s\ BSP-150 8 i B Fr 4, L T f
IO A R F s RE-2000A Jiefs 75 K 4% , 1 5%
A RS T PHS=2F pH it 752N 45 4h—n] UL 73
JEEEETE, A B AR By A R 7] 5 Nex-
eraX2 A (AL, H AR B TS H 54500
QTRAP — H DU AT 2Pk 25 B BT %4, 56 15 Ap-
plied Biosystems 23 H]
1.3 Fi&
1.3.1 RV BOTEH S BRI T .
FEMERS B 085 AT, SR A 6.0% H b b
IR, R ATE (80 °C,10 min) 5 ¥R HI %R, K
VO 5 KT R TR KA IRAR L 1:4 19 L]
B RIETE 3.0%E LG LA 19 YHGI-155
R ,30 CRIE 10d, 5305 F 0,2,4,6,8 d #1110 d
RARKE M BEAT 04T
1.3.2 MW FUAT B & B Vb o 79 16 T £ S pH (E
FLELR (140
1321 FLREEEITE SHEEZRE (B8
ZAaEZRRE TR R FLR )
(GB 4789.35-2016)" iy J5 iL £ A7 I 5E .
1.3.2.2  pH {EFLE R 1 I

1) pHEMNE ZHEZRME (B E4e

B Z AR & pH {E R & ) (GB 5009.237-
2016)"7b iy e HEA T I E

2) BERRNE  Z%EZARECR i E A
ZFhnE B SRR I E ) (GB 12456-2021)1
T AT, 0.05 mol/L. NaOH #r 1 ¥
TR T 5 YD A Al (2 mL) |, SR Jo A vk LA
SERIT
1.3.3  FHYFLAT & B 0 T 10 U0 5 1 2 T
Sy B 1
1.33.1 ZMEHC MRHE You S J7 i 317 iF
0 RIS G T 0 45, I AH0E 8l

1) W HEEC K 0.5 mL RV TS
15 mL B2 1k H B (Vo Vi e =1:1) IR BETR 2T, IF
TR K DA S 455 24 kHz 2038 30 min,, Fifi
5, BZIRA WA 4 000 r/min B9 54 FE O 10
min (3K), DIHEWRAE 45 CF B2 ds LI 78 R
F, IR AE 10 mL (1 €3 2% B v, B0 O Ui 5 1
PRI

2) 5GP B W R AR B
BRI 2 mol/L. NaOH 2 mol/L. HC1 #4178 7K
fif AR K f# . 15 %%, 1 15 mL 2 mol/L. NaOH 7E 30
CHRMTFIKIGFREY) 4 h FEFERFRG . K
SERUR EHZIR AP 2 mol/L. HCI BRfk = pH=2,
SR SLRIRA 4 000 r/min &0 10 min, WS
R R BRI 3 YK, WK )5 , 15 mL 2
mol/L. HCI 7E 85 “C'F ¥ FI 42 (5% B WK i 1 b, Jf
¥ pH A 2 2 ¥R S YL BT EL 4 000 t/min 5.0
10 min, RJ5 ISR O R OB HEE 3
W, ARG Kk 3% SR K i AR K i 1) TR 2. T
BB A It 255 10 mL (038 90 H BE RIS A
FIEA B JE AR U 66 AEAE =20 CF , AifE AT ik — 25
M
1.332 ZW&aEmie 2 EEn e R H
Folin—Ciocalteu 77 M % , I1-Fi5 VE A& 20

1) Wy AW atillE K wE e 2
B P B2 OB AR B — 2 A5 4, B 2 mL 6 BV A
25 mL M, A 1 mL #&MELH 13 mL
10% Na,CO; i, AIZR IR /KE 45 25 mL, B2, =
ek 3 ' # 60 min, Y SN VR AE I K 760 nm &b
W CAE AR A BRI 2103 &

2)REYINE B 1 mL AR 50 45 VDT RE
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a A 10 mL WA T, A 0.5 mL AR AR i
#.6.5 mL 10% Na,CO; %W, IRA) . % ke OG#
B 60 min, I N AR DS 760 nm Ak 1 1
1B, AR UE I RT3
1.3.4  HUEALTE PRI E  DPPH F1 ABTS H H
FEUFBRBE IR H Re SR J5 ik B4 T I 22, IF A A
B, ¥ 0.1 mL ¥ InAF] 3.9 mL ABTS %)
o, T R G R 8 min, Y K8 SN VR TE I K 734
nm 20 W SEAA L LML K 0.1 mL VS 3.9
mL DPPH W BEIF IR G, 2 IREDOEH E 20 min,
58 2 W R AE IR 517 nm ZE B SEAE o Trolox 1
WAE NS Z ARSI bR I, 4eE R B SR
AAbBE ] (TEAC) B A pmol/L Trolox,
1.3.5  JBEvb i vh 22 00 4 Qs 20 2 A6
1.3.5.1 HEsAE ARV BT A B R b bt
AL PR RN LR T B A e i g ERE 3 ARk
B E WREAS S (50 2 K B 4 RIS 8 KBSk
i B P b ot b Z AR A, A 15 mL
B TG, e 2 -80 CHBARIR VKA h & . X 3
AREAR S AT 40 Y2 Y4 A1 Y8, BEASHURE 5
WEEREIANELE, MILHIEEN Y2 vs. Y4,
Y4 v.s. Y8 A1 Y2 v.s. Y8,

YR it A7 E —80 CHK AR B it | il U i T
10 s, B3 mL A HEAT LS VR T VR,
A 300 WL 1 70% ' BE N AR S BOR , i8 5E 3 min |
75 10 min, 2R J57E 4 CHA4E T LA 12 000 r/min &5 .0
10 min, B L35, A 0.22 wm G FLUE ML B8 s
TRAEF R, T LC-MS &l
1.3.5.2 UPLC-MS/MS 7 #r L& S8 &€ S
kB EPI Jr ik
1.4 FEAE

iR A 3 WHEE 45 R VLV B8 bn
WER2ZE "R, K SPSS v.17.0 #H47 B & 5 22
M1 (ANOVA) . 5K Duncan’s £ 46 % B k171 £
H AL, P<0.05 W HA B EME2ZES . R Ana-
lyst 1.6.3 % 4b 38 50 35 46, R A 3 W43 40 i
(PCA) . T Hrxit & B vb ot A b (9 4G
AT Z TG 43T o AR IE A i d5e /N 3fe 40 )
43 M1 (Orthogonal partial least—squares discrimi-
nation analysis, OPLS—-DA ) W75 70§ 5 P A e
B AR R AR BRI (VIP)E | 22 5 A5 4K

(Fold change, FC) ik Hi A [a] 41 8] 19 25 5 A8 i
W, 2FEERNEYHE FC=2 <05, H
VIP=1 2 50, JFiiAT A —feab B, @il R
3.5.1 B XS Vb T e W R P Y 2 22 S AR
Ytk As R Mt il s, I KEGG $udk %
(https ; //www.genome.jp/kegg/path —way.html) X} ¥»
S R T A R A A A T B A

2 ZBR55W
21 DHMAEABEEPEHHEMESE . pH EN
T

Q& 1a Fros , R FHE AR 02 60 A5 ) 2L AT e
YHG1-155 9 ZLR o Btk A7, o HoAs K g
J1. FLRREEGE 10d (R SRR T 3 A4
A B B o TEVD MR e e B 00 Uk B e, FLIRR TR
BONFITF 43 () 8.11 1g(CFU/mL) W& 30 F K& 2 45 4
K11 8.09 lg(CFU/mL) , % W B B bk 2E A BT SR 5%
(A3 I B B B A R R AT | TR R34 A0 15 1 K T
IR fE 4~8 d iVl T IFAES 8 RAEK E] 8.36
lg(CFU/mL) , iZ B Bt & 1% D AR 36 B A A5 TR B 4%
JETE 9~10 d R E I T FER B WK 1b iR,
Rt v pH (AU S FEITE 3.13(2 d)~
2.98(10 d) =z i) ; 5 Wu S5z il — 3, SR i
WS pHEEMMCKR, BTG LA
#
22 REEILHMATRFEHR. EEHMMAMEEN
T

J T SRR FLATE YHG1-155 % i X Vb ik
Z WA T sZ R, W R ) K B B Vb o
POE BT 255 T RS 7 i 45 R WWIA 2a, 7RV
WO R TERRT 4 d,UF 2 & R O R E (69.61~
66.33 mg/100 g),6~10 K N I K | M 66.33
mg/100 g I T+ 2 102.98 mg/100 g, 5 i & By (1) A%
b AR, GG T /ELBEMNHT 4 d 205
B4 (23.80~49.24 mg/100 g) , 4R J5 7E 6~10 d Z&18
T F%(39.71~14.91 mg/100 g) . {HASFVEE MY, 1E U7
B A5 A S AR DA 4 K R FLAT R
YHG1-155 B i i W a4 (] 1a) 3% 5 Li
SERUF Li PR H B A — B, Rt R RE R AR EL
FFE YHG1-155 (A K S 80T Ui 456 T i
bR i B I, A T BE I T I D T v R Y
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W, MEAh, B S AR KT 4 d I 20RO
& BEAT 90.77 mg/100 g ¥4 % 111.35 mg/100 ¢)
HERBEAMM 118.12 mg/100 g, X 5P 7L

FRABRE 2 2% 1) B 2K A 25 W0 7K A 180 7 B0 4 0 B 2
AR R W RAE YR AV FTE , B0 i 250
SEAL R AN N BE S 5 O By S 5, DT e
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& E‘[2710
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Change in lactic acid bacteria count (a) and pH value and total acidity (b) in sea buckthom

juice during process of LAB fermentation
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Fig.2 Changes in free, bound, and the total phenolic content (a) and ABTS and DPPH free radical

scavenging capacity (b) of sea buckthorn juice during process of LAB fermentation

23 XEBEDHTMELFENTL

i E DPPH Al ABTS 2 [ i 230 B g
1, R WK D O B AT sh A AR, an &
2b Fin 2 P A AL AR AR R BAH L . TEAC
EI 2 R, 5 A& KBS BT A L, R BT S 1Y
PrAAALRE ) SRS I, KBRS VDX ABTS Al

DPPH [ M BEIE BREE I A rdd sy . RBESS 2 K,
RWEUD O B F i FE BRAE I TR IR, 7E4E 4
KB ik (P<0.05) , Fifi 5 FEA DR 7 F2 E (P> 0.05) .
FLIR A & W & 7 U T P AR R, X PT RE

T L R TR AE R TR L R e AR I B 2 W R
R K A SRy EL AT T R R o A 1% R AR
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5 56 174 Jirt A 81
24 REBESERLEHTHSEHAEHDHETN

K B DU FR4E R A DR BR A W] F 2L
P& E MWDB (metware database ) %F V0 i 11 & B 3
T A AT R PR RE T AT . 3 I REAR A
U TE W 665 MUY, 45 436 BT E LG
Y1 179 Bl AR (29 FHELT 18 FRRIE R A R
PAK 3 Rl 2R 20
24.1 PCA 54 3 4k BV O FE b 1 B
PCA — 4 DLE 3, Hoh PC1 AR i A [7] A BHLGH A
ARPEAT IS, R IT 2N 27.69% ,PC2 A4 H 42
PEXFREA AT 73 8, e K7 258 15.45%%), i K]
FL,Y2 Y4 FYS AL i AR LA K 5 4 2 i AR
PR AT TR A 1 B % R AR R W AR s
RS PR AT E 1 3 A4 [E) R B i o 5 8 3
i, RN K e b B 2 B AR I A A2 25 5%
242 ERMmE/DZRAGN SR RAE O-
PLS-DA #5 A1 4317 15 2] 19 %2 e 10 B A A 00 4G 10
HEE, M 2H Y2 vs. Y4 4 (K 4a) Y4 vas.
YS ZH (& 4b) Y2 v.s. Y8 4H (& 4¢) W HLAL 11
1557 B, i — 20 RN £ i 22 A i 22 55 0 NEL 4 v
ATRVE N3 AN A B FEA X ORI B, 454
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Fig.3 Principal component analysis (PCA) of metabolic

profiles in QC samples versus three experimental samples

OPLS-DA #i 7 56 UE 25 B /9 Q° F1 R?Y ¥ KT
0.7,P<0.005, i B AL F e ] ¢, T R 7 22 At
Y 0 7 8 4 AT

Scores PLS-DA Plot
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Fig.4 OPLS-DA score plot and permutation test plot for three comparison groups
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L 0 3 64 Fh2E S, W3E LR R E T
RO I AR A .5 Y2 vs. Y4 4AHEL, Y4 vas.
Y8 41 iy v i 28 25 AR o Lo/ (48.44%) , 1T
Wy i 2% 22 S AR P %) 7 R3S N (31.25%) ., 7E Y2
v.s. Y8 A LA e £ 116 Fh 22 A0, Hoh &

= BRIV S EE 5 i R 63.79% Al
36.21% ; #2459 i He B R 58.62% , Hivk
R BR S AL A AR, & E B 30.17%
8.62%.

1 FRERALBIRTHSHHOBEZERNEWHEM LG

Table 1 The number and proportion of differential polyphenol metabolites in fermented sea buckthorn juice

of different sample groups

Y2 vs. Y4 Y4 v.s. Y8 Y2 v.s. Y8
HE /A WA /% R Z/F w1 /% B Z /A YA /%
B0h 2 Rt 67 100.00 64 100.00 116 100.00
LA E F R 53 79.10 32 50.00 74 63.79
T A E TR 14 20.90 32 50.00 42 36.21
el B BR 14 20.90 20 31.25 35 30.17
B R A A 48 71.64 31 48.44 68 58.62
EN ko — — 1 1.56 2 1.72
B 4 5.97 10 15.63 10 8.62
S 1 1.49 2 3.13 1 0.86

E : B3R 1% 26 W A 22 5 A B0 70 8 A% 22 S AR e v A o5 L s — " SRR R A

WE s s, 5RES 2 KA, KRS 4 K
VB ARG 53 Fh2s AR B LR, o b
HREDA 17 F HooREYA 15 F, Ll
FE U = BT S IO A Y R 5T I -4-0-
AR IR R 2 -0-F A BT Mt R -3-0-
(6"—TH it ) 5 4 B 1 -5 -0 % B AT T s & -
T-0-(2",6"-—~0—-F 2= 0l 3k ) ) 2 W M pe -
3-0-(2"-N ) MBE -7-0-BT R At . K
W2 50 R T RE 5508 B AR A Y,
Bl & R FESEAT, FLIR R T IR K e R AR R AL
BRI S R T A, S 00 T R T SR A
I, QST TR AR M RO s r S e
SRS S MU A e A . BIERTE
B E S A TR A 1L A 2- 5 S A
FBE 6-FIARBEE BILR BNEERE, 5k
552 KA, BREESS 4 RUYDBT iy 14 Fp 22 54R
WY R U Ao 2R A A 4 Rl R
My —3-0-FRZEMETT b B2 AT il 8 R -3-0-(3-%%
-3 L T mE ) B AR R S L
ooz 25 S m e 3 . SRR — — X,
TR T 2 B, RS R R A

WE 6 i, 5 KBS 4 KM, KBS 8 K
ORI A 32 Fh2E SR B B, b b
HRIAWH O, LIAMEE ST S
KR A BIIR-4-0- AP e FB-—
AT | EIORET |  OR -4 O 45 B I IR
AR, ook Ewa 5,5 Ao
KACH Y 5 R 2K L 2-FR -2 3- R Y
KIARZE S-EHAAR 6-RIEARER MK,
Hop 2R CFE A B AR AR AN
AERAH B i 2 R VD T B R T
£ 32 Fp2E AR W T A, R A BB 28R
WA 13 F, L &8 FE 22 S B i —
AR R PR S AR ISR 4 00k e R
T-3. 0 RER-3-0-WREMHT KREHEK-3,5-
T -O-HE R 6-C—H M R -3-0- R 2 HE
1 M F-3-0-FR T, AR EENE, 5 R
2 RN D TSR A SO Y R TR Y S
ZEBET (0 10 25 IR T S VD BT XU A R AR
Mo TR TR 1 F RIIEER
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I o B AE AR 0 A G 2B 1 A
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The Biotransformation of Glycoside Polyphenols in Sea Buckthorn Juice
by Lactobacillus plantarum YHG1-155 Fermented

Chen Yanhui, Li Yafeng, Li Puyu, Zhuang Jiao, Gao Yan, Ju Ning
(College of Food Science and Engineering, Ningvia University, Yinchuan 750021)

Abstract Fermentation, contributing to convert polyphenol glycosides to their respective aglycones, could improve their
bioavailability as well as flavor of the product. This study performed Lactobacillus plantarum YHGI1-155 fermentation of
sea buckthorn juice (SBJ) to analysis the changes of its antioxidant activity in vitro and explore the biotransformation
process of polyphenols in the fermentation. The results showed that L. plantarum fermentation increased the viable cell
count, free phenolic content, total phenolic content, and antioxidant activity of SBJ. In total, 116 significantly different
metabolites were identified in L.plantarum fermented SBJ using ultra —performance liquid chromatography —tandem mass
spectrometry  (UPLC-MS/MS). Among them, 67 (53 upregulated and 14 downregulated), 64 (32 upregulated and 32
downregulated), and 116 (74 upregulated and 42 downregulated) kinds of differential metabolites were identified between
the groups Y2 and Y4, Y4 and Y8, and Y2 and Y8. Furthermore, KEGG pathway enrichment analysis showed that 18
kinds of differential metabolites between Y4 and Y2 and 13 kinds of differential metabolites between Y8 and Y4 were
mainly involved in three pathways, namely the biosynthesis of secondary metabolites, flavonoid, flavone and flavonol
biosynthesis pathways. Among them, the biosynthesis pathway of secondary metabolites was an important pathway for
polyphenol biotransformation, and polyphenol glycosides might mainly be converted to their respective aglycones through
this pathway. Our findings revealed the biotransformation of polyphenol glycosides of SBJ by L. plantarum YHG1-155 fer-
mentation, providing a theoretical reference for the deep processing of hippophae rhamnoides.

Keywords fermented sea buckthorn juice; Lactobacillus plantarum YHG1-155; phenolic compound; metabolomics



