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Abstract

This study evaluated the changes of physiochemical properties, phytochemical contents, and biological activities
during the vinegar fermentation of Elaeagnus multiflora fruit. The contents of pH and reducing sugar decreased
from 3.55 and 6.88 mg/mL 3.34 and 2.13 mg/mL, respectively. However the acidity increased from 0.48% to
5.48% during the vinegar fermentation. The alcohol contents increased up to a maximum value of 6.6% at 20
days, and it then decreased at the end fermentation days (2.0%). The viable numbers of acetic acid bacteria and
yeasts increased from 4.32 log CFU/mL and 3.23 log CFU/mL at 10 days to 5.4 log CFU/mL and 5.5 log CFU/mL
during the spontaneous fermentation, respectively. The major organic acids were acetic acid (38.84 mg/mL), lactic
acid (4.92 mg/mL), and malic acid (1.51 mg/mL). The soluble phenolic and flavonoid contents increased from
0.79 mg/mL and 0.12 mg/mL of initial fermentation day to 1.22 mg/mL and 0.14 mg/mL during the spontaneous
fermentation. Content of epicatechin gallate decreased from 168.1 ng/mL at 10 days to 115.97 png/mL. However
the content of gallic acid increased from 18.52 pg/mL to 95.07 ng/mL during fermentation. After 60 days of the
fermentation, the antioxidant and digestive enzyme inhibitory activities were 71.35% (DPPH), 79.27% (ABTS),
68.72% (‘OH), 85.42% (a-glucosidase), 52.12% (a-amylase), and 53.66% (pancreatic lipase), respectively.
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Difcorl A|F(USA)S AH&-3FAth 127 35 phenolic acid
3}3+E(gallic acid, p-hydroxylbenzoic acid, protocatechuic
acid, vanillic acid, p-coumraic acid, caffeic acid, ferulic acid,
tannic acid, salicylic acid, trans-cimmamic acid 2! chlorogenic
acid) 2 37 ¥ZF flavanol 3}3 S (rutin, qucercetin 2
kaempferol), 771 ¢] flavan-3-ol %< 3}3E(catechin,
epicatechin, epigallocatechin, catechin gallate, epicatechin
gallate, gallocatechin gallate, % epigallocatechin gallate)-
Sigma Chemical Co.(St. Louis, MO, USA)ol| 4] 48}t
107 %5 714 3}8HE(oxalic acid, tartaric acid, malic
acid, ascorbic acid, acetic acid, maleic acid, citric acid,
succinic acid, fumaric acid, glutaric acid) <JA] Sigma
Chemical Co.°l|A4] ¢35} th. HPLC-grade H,O, methanol,
acetonitrile “12] 31 glacial acetic acid= Fisher Scientific
(Fairlawn, NI, USA)°|A Y3t t}h  Folin - Cicalteu
2,2-diphenyl-1-picrylhydrazyl(DPPH), potassium
ferricyanide, trichloroacetic acid(TCA), 2,2’-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt(ABTS), 2,4,6-
tri(2-pyridyl)- 1,3, 5-triazine(TPTZ), p-nitrophenol- a-D-glucopyranoside
(p-NPG), p-nitrophenol-butyrate(p-NPB) a-glucosidase(Type

phenol,

I: from Bakers Yeast), a-amylase(Human saliva), lipase(Type
II: porcine pancreas)®=3t Sigma Chemical Co.o| A <3}

ATt

pHe} &t

pHE= pH meter(MP 220 pH meter, UK)E A}-8-3l] =4
stk Abee Hald g 2% wEe 10 mLo] ha)A
0.1 N-NaOH= pH 83714 Z3}AIZl & ofelle] 2]& §35
ZAte] o g FiteElal

AF=(%, as Acidity acetic acid)=0.006xmL of 0.1 N

NaOHxFx100/Sample(mL)
selgh o 4A2 g
1F-& Miller®] DNSH(13)2 AHg3te] 2413}sieh.
Az HEAS A2 ANEYT F 459 S 37
SHTE 508 3148 £ A]F 0.1 mLol DNS A]9F=

mL Z7Fete] 100Te] B EollA 108 &<t 4K
T A EClA F43] Wabste] 2338 =7 (Spectronic 2D,
USA)E AH&-3te] 570 nmel|AM F3=S S48t A
o vlastslth A 23S A aEEdRe T2T
= AREsIsiTh

& S SR 28 T e AR 100 mL
7}0}04 AR F SFAIA 80 mLa
20 mLE ol 100 mLZ ¥AS g
skl

0
K

Bl gl A2 B8 o 2t S TRAS
HISHSTE 108] 343}l yeast extract(1%), CaCO,
(4%), ethanol(1.5%)°] &+ YCE - ujx]d]
30Col A 722413 B2t vi 3t & clear zone©] &
= At 2T E 27@ stk ARTAS =4
;510”*0* tﬂ-—ﬂL%_%_zFi 101;]- /]}\—ltﬂ oz x%l:‘ro] /])\4 o]-_L
potato dextrose SHAHIA](PDA)] chlorophenicol 100 pg/mL

o] &% uix]< speared plate methodZ =23t & 30Tl
A 2N 3 FRE wFete] FAdE HEke At AR

T H1=
& 23k
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7714 2N

F714F B2 L TSKgel ODS-100V column(4.6x250 mm,
5 um, Tosoh Corp., Tokyo, Japan)Z} HPLC(Agilent 1200
series, Agilent Co., Forest Hill, Australia)< ©]-8-3}o] #45]
2t} 0.1% phosphoric acidE ©]-8-3te 304 33 2L
40 Tl 1 mL/mm-J S5 A8t AlE= 20 ILE

FA3FAM 3L UV H=E7](Agilent 1200 series, Agilent Co.)
210 nmell A =78k

+24 phenolics &2 &3
484 phenolics= Folin-Ciocalteu (14) 2.2 =7 3}%1
o} Z4zke] A% gl s ARy 2 AR A4S
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A5 508 -2 1000 A = 05 mLE AP 53}
31 25% NaxCOs 89 05 mLE 3718k 387t F XA A
Al 2 N-Folin-Ciocalteu phenol A 2F 0.25 mLE % 7}5}<]
E3e vy 2ol 1A17E B FAAIA HAAZ .
bl A A0S B-33533 2 A (Spectronic 2D)Z ©]-&-3lo] 750
mmol A FFEE S oW Z phenolics TS
gallic acid& ©]&3te] A XFFHNCZRY TS
TSR T Gallic acidE ©] 83+ 41 gallic acid9]
HE% %7} 0, 25, 50 100 mg/L7}F & =2 slo] ¢} e
WHO R 750 nmol| A FFEE S st A stk 4
e 33] yHEste] 33l

I

M flavonoids &2 £A
24 flavonoidsE Lee 5(5)2] Wi T} BUslA =4 3)

Ak = Zzhe] Az dRdS iR A g
e 05 mLE Al@ ol Hstar 17190 diethylene glycol
=

N NaOH 0.01 mLZ 7}3}ed 37Co|A] 1A 7E

HESA| AT 1 & 3333 %7 (Spectronic 2D)E ©]-&-5}¢]
2 =431t olu] FFEZE L mtins

o] g3ted g BT AFFACZHE - AHESTh

Flavanols &4

Flavanol #2]-2 TSKgel ODS-100Z column(4.6x250 mm,
5 um, Tosoh Corp. Tokyo, Japan)Z} HPLC(Agilent 1200
series, Agilent Co.)< ©]-8-3Fc] &A1 5 At} 109141 100%
B linear gradient® 0.5% acetic acid(pH 2.5)(solution A) <}
100% Acetinitrile(solution B)= ©]-8-3t] 30% 3P =1L
30CelA 1 mL/min®] &5 A&EATh A= 20 ILE
FU3 3L UV AZE7]1(Agilent 1200 series, Agilent Co.)<]
270 nmol| A S SFSATHD).

Phenolic acids £4

Phenolic acid ¥41-& XTerra™ RP C8 column(4.6x250
mm, 5 um, Waters Corp. Milford, MA, USA)Z} HPLC(Agilent
1200 series, Agilent Co.)S ©|&3te] A=t} 0.5%
glacial acetic acid(solution A)<} 100% ™| &H-E(solution B)Z
4022 60-100% linear gradientdt -2 30TolA 1
mL/min®] 3 EE& 483tk A= 20 ILZ T35
I UV HZ7](Agilent 1200 series, Agilent Co.)] 280 nm®]|
A S 8Tk,

DPPH 2iC|Zt &7 g4

Lee 5(5)° "< wet gz 2ALE S Stk
1.5x10* M DPPH(1,1-diphenyl-2-picryhdrazyl) &<}
of Zbzke] 22 HE NS YA EE7Z AR s
02 mLZ 73+ & 10 %3} vortexd}al A-ol|A] 308 W]}
% B33 = (Spectronic 2D)E ©]-&-3F] 525 nmol|A &

2 st 7t e 33 sl 48351t
27 Age Als gkl S/5E 02 mLE 38t
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DPPH 2ht] 2 27 SA(%)-[1-(A A7) 3534
WzTe] FHE)]x100

ABTS 2tz &~ &4

7 mM ABTS €93} 245 mM KyS,05% 1:12 4131, 94
o] 4] 12~167A17F H73le] ABTS radical(ABTS )< A4 A
Z1th. ABTS radical(ABTS )< 732 nmollA] &3 % 3ko]
0.7+0.027} H =5 oe-&2 3|43t Al Th olehe
2 34" ABTS £9(&3%= 0.7+0.02) 0.9 mL} zHz}9]
A2 HFgAS AAE7Z e 45 0.1 mLE
131, B89 3% F H- U= (Spectronic 2D)E ©] g3t
732 nmel A FFEE Z43IATHS). ABTS cation(ABTS )
gz 2AG e AP 34 dE2Te] FHESE T3t
of ofgfe} o] NEE(%)= FAISI3A

ABTS 22 &7 @4 (%)=1-[(Z 372 F35/=4
a9l F385)]x100

Hydroxyl(-OH) 2tHZ ~AHE&HA

Z47ke] Az wEds A EeE V2 AR 45y
= AN R FH]8I T hydroxyl 2tHZ 2752 10
mM FeSO,-7H20-EDTA 0.2 mL, 10 mM 2-deoxyribose 0.2
mL, 10 mM H0; 02 mL 2 2% A8 14 mLE &35t
37ColAl 4x17E Bt RESAIZATE o] EFAl 1%
thiobarbituric acid®} 2.8% trichloroacetic acidE 22} 1 mL
£ 7Feted 100TCol| A 2023 7FE ate] TS WZhA| 7] 3
520 nmellA FFEE SASIATHIS). 24 T A8
A= tiild] SFdES A8, o AATS AR
Galo] H7pel FHTI Alo]o] FFES| AfolE W&

(%)% JERASIT

o

Hydroxyl 2}tz &7 29(%)=1-{(2 872 S35+
279 §3¥5%)]x100

Zhzre] Az g as AR 459 50 uL, 0.5
U/mL a-glucosidase &4 50 pl. % 200 mM sodium
phosphate buffer(pH 6.8) 50 pL9} £3}8}o] 37T A 108
ZF k-8 % sodium phosphate buffer(pH 6.8)°l] 5 mM p-NPG
< 100 L 7}ste] 37TCA] 10 #3F ¥HEAIFITE W o]
100 mM Na,CO; 750 UILZE ¥H3-& A A17] 2L 420 nmof| 4]
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a-Glucosidase A3l A (%)=1-[(FE T FE=/74
gz F¥E)]x100

a-Amylase A3l &M

k7ol Az g ANEE S e 50 e Al
Fhol] B33+ 3 g-amylase(1.0 UmL) &4 £ 50 pLo}
200 mM sodium phosphate buffer(pH 6.8) 50 LS % 7}35}<]
37CoAA 10:23E o¥] ¥k AJATE o] whg-Hell 200 mM
sodium phosphate buffer(pH 6.8) ©ll %591 1% A& &S
025 mLE 7}8te] ThA] 37°Col|A] 1087 ¥ AJZ T} o] &
o+ 05 N NaOH % 30% El2E}2ANESZAES &3]3
48 mM DNS A]9FS 025 mL 3 7Fske] 100TCel A 2083t
o] A7l & ukE Yz 7] 3 570 nmel| A SR EE
Z3IAThle). BE 84 A8 249 54 dxT= AR
alel] g FHstHom A5l Hrlgtel T3 7}
T Atele] &% zbolE MEE (%)= YERIAT

a-Amylase A3] BB(%)=1-(BB T FHEEA =
o] FHE)]¥100

Pancreatic lipase M3 €A

Pancreatic lipase A3l €42 2H7te] 212 IS A4l
E2) gk 459 50 1L, pancreatic lipase(1.0 UmL) &4 &9
50 L. 2 200 mM sodium phosphate buffer(pH 6.8) 50 ULE
Z3ste] 37CelA 1083 on] wEgAZALE W &
sodium phosphate buffer(pH 6.8)°l =<1 5 mM p-nitrophenol-
butyrate(p-NPB) 100 uLE 7}t &L Al 10237t ¥H&-A|
Z1 ¥ 100 mM Na,COs 0.75 mLE 713l whg-2 FAA 7
420 oA FFEE SSUTHIT). BE E4 Ad 24
o] 34 dE2FE Als il &S FHslen Alsd
Ao H7bget FHIH Abel o] F3E 2bo] & WEE(%)

2 UepR it

Pancreatic lipase A8l 24 (%)=1-[(Z & T2 T4 /24
279 F35%)]%100
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g 208A o= 342 S EJTE ER 40U o= oK
o} okt O 7hAsled 33601900 2R 60U A 3342 LF I}
ol e} 254 astes Ads BAth Alme
B 1044 048% % VEMET HE 2094 1.92% S VERY
A1 LE 09A 5435 SV LR LA 548%=
A S7HIAH P HE 1094 6.88 mgmLE T
frota U EE A F AAS] gHaste] HE 409A)
o 213 mgmLE ot UUTh EILS EE 10
A 2.6% % UeElon B8 2044 7.6%% 7 =3kt
AL ke g 1094 2.6%4 204 A 7HA] Z7)s}
o 66%% HNAE JeERIR L, o] F #asle] 28 60Y
A 2.0% = YEFHATHTable 1).

Table 1. Change of pH, acidity, reducing sugar, and alcohol
contents during the vinegar fermentation of Elaeagnus multiflora
fruit

Fermentation time (day)

Indexes
10 20 40 60
pH 355¢002" 3443001 336:001 334001
Acidity (%, viv) 048001 192003 3.78:0.02 548002
Reducing sugar (mg/mL) 6.88£0.04 330002 242:001 213002
Alcohol (%, vjv) ~ 26:002 76003  68:0.04 40002

YAl data are presented as the mean+SD of triplicate determinations.

ZHE gl 2% A BF T AT R
4 W3} Table 29} 294t 2AHFFE BHE 1024 4.32
log CFU/mLA S71ate] & 60U A 5.4 log CFU/mL
AL, ARFSFE HF 1024 3.23 log CFUmMLAA
7heted 2E 40¢ A 5.8 log CFU/MLE Zth=] S ek
8 60LAl o= 5.5 log CFUMLZE 7H4231] Th(Table 2).
AR o2 A% g Al 2ihEerE SVl wel pH,
g 283 gIEE TRl Hhshe A 24 TR
Aol Axtel & 4= rh(18). w3t WE 7} WP A
Abto] A B ZAKacetic acid) 52 714kl o8] Abw
71 Sl (7,8) ol £ AT Al IR
A B AP s LR 2084 E3ZE FH6.6%)°] 71
Al VFEREAL o] = Table 20 e nke}l o] g 20
A &Re] A(5.15 log CFUML)7}F AT Ait4=(5.11
log CFUmL)Et} ozt o] 22 Ao & yehg 2ibige}

=

ot o,

= O O >

Table 2. Change of the viable cell numbers during vinegar
fermentation of Elaeagnus multiflora fruit

Viable cell numbers Fermentation time (day)

(log CFUfmL) 10 20 40 60
Acetic acid bacteria  4.32+002” 5112026  54%27 544027
Yeast 32340.16 5154026  58+029  55+0.28

DAll data are presented as the meantSD of triplicate determinations.
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EHg|$ AE Xt Wy F {74 2 WS

ZHgg ) A xo Wy 77§75k ek AskE
A A7) Table 37 29Ut L8 108 5-E] 604 7HA] 2
F8 714 acetic acid9} lactic acid®] &) 71 =%
om, glutaric aid= TE 2 F AEHA] ZSkrh Oxalic
acide & 4029714 0.15 mgmLE 2 ¥W37} glgley
I8 60¢A] 026 mgmLE 2FE 571381 th. Tartaric acid
= R 4097H] 24 sttt HE 609 R oft
Z7¥et 093 mg/mLE FFaka ISl ¢ {71 5
7V 3A 5718t acetic acide TE 109 4] 2.64 mg/mL
o st oy dark Mg we} 7h7} 1635
mg/mL(EE 20%), 1831 mgmL(LTE 40¥) 2 38.84
mg/mL(LE 602)E et Tt o] ¢ malic acid,
lactic acid, citric acid= &7} Fagol| wet 254 S/}
3= AeFS JERNQI T fumaric acide 2E 404744 27}
sttt 6094 <F3F 7HAskR

212 g SloA] Fh] el Ego] "rta dEA
e T Ksuceinic acid)& TR I T 234 S7I6IA
TE 0UA 225 mg/mLE Frshar AATK19). T B
A 2 2(7), Ao A x29), Sk Ax2319) B AFEE
21220)2] AT e A2 HE T T8 F7]4H acetic
acidebal Haust o, ol 2 A Agele fAlslklou
ko] e Aol e Ao E YUEHT Seo (21
ZAHE TR0l w244 fr1Ake] dkel be|7t vERdth

Lo

Table 3. Change of the organic acid contents during vinegar
fermentation of Elaeagnus multiflora fruit

Contents Fermentation time (day)

(mg/mL) 10 20 40 60
Oxalic acid ~ 0.15+001"  0.16t0.02  0.15:001  026%0.03
Tartaric acid ~ 1.65€002  076+002 051005  0.93+0.05
Malic acid 127:010  148:009  128:011  151%0.10
Ascorbic acid 1381008  1.18£0.07 094006 101006
Lactic acid 3691022 4431027 4128025  4.92£030
Acetic acid 2641016 1635098 1831110  38.84%2.33
Citric acid 0413002 070004  089:005  0960.06
Succimic acid 0713004  151:009 113007 2251014
Fumaric acid 0042000  005£000  007:000  0.05:0.00
Glutaric acid ND” ND ND ND

Total 11942060 2662+133  274t137  50.73t2.54

YAIl data are presented as the meantSD of triplicate determinations.
2)ND, not detected.

1 Busgon] o) niEto 2 714 3 Wake] Aol
A5 el $F, 2] FF 9 BE P ol weh
A7} sl w28 4 o BekE,

CHa|4 dof Alxo Xod wE T sl 23 sk ws

xR dul A x9] AA EE F 7843 phenolics
2 flavonoids % W= Table 49} #Uth 84
phenolics -2 717} 0.79 mg/mL(EE 102), 1.03 mg/mL
(E 209), 1.18 mg/mL(TE 40Y) 2 1.22 mg/mL(LE
609 = HE I F A48 STttt 84 flavonoids
ke 7k} 0.12 mg/mL(EE 102), 0.13 mg/mL(LE 20
), 0.13 mg/mL(TH 40¥) 2 0.14 mgmL(TE 60Y)=
18 g & 3A ¥gke gle A2 UETHTable 4).

Table 4. Change of soluble phenolic and flavonoid contents
during vinegar fermentation of Elaeagnus multiflora fruit

Fermentation time (day)

Contents (mg/mL)

10 20 40 60
Soluble phenolics ~ 0.79:0.01"  1.03£0.00  1.18:0.02  1.22¢0.01
Soluble flavonoids ~ 0.12:0.00  0.13:001  0.13+001  0.14:0.00

YAll data are presented as the meantSD of triplicate determinations.

Exe|g duf A %o Wg 7]7HE flavonols 2 phenolic
acids % ¥18}= Table 59 234t} Flavonols 3H3HE 5
3%9] catechin gallocatechin gallate ¥ catechin gallate:=
g 1y 5 HESA] 20Tk Bpigallocatechin@} epicatechin
< HEVF A et 254 o] SUbekela, TR
0L A 717} 24.84 mg/mL 2 3742 mgmLZ F-Hata U
11, epigallocatechin gallate®} epicatechin gallate= Wt 2
3teko] 7hAaslo] 747}t 24.53 mg/mL 2 115.97 mg/mLES
Shrata USATh R A 7|3te] 24 F 8. flavonols 3+t
&2 epicatechin gallateo]l oL} &g 3y 5 Zi4ste
AE Jehflo] @8 60€ A = flavonols 32 202.76
mg/mLE g3l A THTable 5).

Phenolic acids 3}gE<S 115 & 659 313 % (tannic
acid, caffeic acid, chlorgenic acid, salicylic acid, sinapic acid
2 t-cinnamic acid)©] HE%A] Ut} HA gallic acid,
p-hydroxylbenzoic acid % p-coumaric acid= &8 4
Za¥ S7FFA AL gallic acid7} 7Hd 2| S7keksith &
B 60UA 27} 9507 mg/mL, 4.14 mg/mL 2 343 mg/mLE
-R-akar 9IQITh Vanillic acide 2 4024 2. 88 mg/mL
7} AEHAL o] Foll & Aaste A3 eI &
¥ flavonols Ed@= Y24 % phenolic acids -2 T3
7h Aol whet a4 Srbella HE 60Y A 322.25
mg/mLE F73taL A THTable 5).

Flavonols 2 phenolic acids 52| A28 3EE
ARAA ] d] EAIE P Ao 28 7hseh A&
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EAsta ksl S 2& gl Hold Ao s
dHA ATH5,22). Kim §(23) HEg dujFo] 2
phenolics &< =% ¢+ 27} 037 mg/mLE ?&%61 o7
Hustglon, ol dufjol] vt il slom west
of Yk T2 ksl S FH S %ﬂr%o] AT B3
31 THR4). YHHAE O 2 phenolics SHEES EAF U
hydroxyl”] 7} 24 7t E2tet 2 §sted] ‘ﬁﬂﬁ” = Ust
ok defA AThRs). T3 Aol Al HEH flavonols
% catechinF2} phenolic acids 5 gallic ac1d-4 Af=

AHAS Al At @24do] Hold e ® Haxolgl
3L, Lee 5(5) A SR8 Guje] F8 3432 catechin
9 gallic acid =& $-frstal vka Hasto] & A+
Aol ARttt hH B8 270l = catechin EH=F
I} g 7] A 22t phenolic acids o] A FrAFeR S
u, g ot Xl whe} catechinf- HFS A4S

Bl 7= S7hekslTh ol davt X g net 84

A B2 {7 A R v Wol 8&5H o=
HAAF AT} 53], B A4 = epigallocatechin gallate
2 epicatechin gallate 2-°] W& I F A2 ZA39 S
o, o] o g vAEo] YA esterase B4 Ao 2
ester 2549 S}EEo] 3= 1 o] we} gallic acid”}
Z718k Ao 2 FH =t} Choet Joo(l) Z Joo 5(26)2
I BF A esterase T4 2180 2] gallic acid”} 57}
st o' Hyste] & A 239} Akt webA

AL A A e EAo quip— tﬂ—}i g 9 g
erxq = A E = Aoy B AE & Zo 2} 7l E
gl &4 5ol <8l 233 polyphenol’d 5}%‘%01 fre| e
2 A" Rozg =3 -

£

EHg doff Ax9 X W F s 2 HE
SR gul 2% 2 BE F 4kt €43 (DPPH,
ABTS % -OH)< %43 A3}&= Fig. 13 24t 3 £

Table 5. Change of the phytochemical contents during vinegar fermentation of Elaeagnus multiflora fruit

Fermentation time (day)

Contents (ug/mL)

10 20 40 60
Flavan-3-ol derivatives
Epigallocatechin 19.2241.15" 19.75+1.19 22.72+136 24.84+1.49
Catechin ND” ND ND ND
Epicatechin 33.72+2.02 34.45+2.07 35.8442.15 37424225
Epigallocatechin gallate 42.79+2.57 37.75+2.27 26.87+1.61 24.53+1.47
Gallocatechin gallate ND ND ND ND
Epicatechin gallate 168.10£10.09 141.4548.49 121.97+7.32 115.9746.96
Catechin gallate ND ND ND ND
Total 263.8315.83 233.4+14.00 207.4+12.44 202.7612.17
Phenolic acid derivatives
Gallic acid 18.52+0.93 45.11+2.26 81.41+4.07 95.07+4.75
Protocatechuic acid 8.93+0.45 8.62+043 9.10£0.46 8.90+0.45
Tannic acid ND ND ND ND
p-Hydroxylbenzoic acid 1.84+0.09 2.78+0.14 3.6020.18 4.14+021
Vanillic acid ND ND 2.88+0.14 1.66+0.08
Caffeic acid ND ND ND ND
Chlorogenic acid ND ND ND ND
Salicylic acid ND ND ND ND
p-Coumraic acid 2.74+0.14 3.100.16 3.20+0.16 343+0.17
Sinapic acid ND ND ND 0.68+0.03
Ferulic acid v 5454027 5.76+0.29 5612028
t-Cinnamic acid ND ND ND ND
Total 32.031.60 65.06+3.25 105.9545.30 119.49+5.97
Total(1+2) 295.86+14.79 298.46+14.92 313.35£15.67 322251611

All data are presented as the meantSD of triplicate determinations.
ND not detected.
Tr, trace (<0.002 ngg).



Fermentative properties of Elaeagnus multiflora fruit vinegar 131

—_

A
5}

[<]

HA3] S7ISIA L o] %

(¢}

T A&HH R Frlete B

DPPH =t 2AEdLS IE 10849+ 30.88%2)
Oha vre g8 yehd b 2 E 208 A o= 24 ST
ato] 63.14%= UERAITE T 40 Aol = ozt %—7}%}
o] 68.89% 2 UERN 1 ¥HE 60L Aol = 71.35%2
g DPPH 2}tz 27424 S B9 tHFig. 1A). ABTS &t
Z A2 HE VIRt whel 22 27.56%(E R 109Y),
62.18% ('L & 209), 76.12%(LE 409) 2 79. 27%('1“3_{ 60
o)Z DPPHHEL} ¢ttt <531 ght)z AA B4 S By}
(Fig. 1B). Hydroxyl(-OH) 2}t]Z &4 &4 <A DPPH ¥
ABTS®} nizb7ix| &2 W 3y & 53] S7tehe ek

i

gz 2 EE 20
S
o

ruE

Vel 28 60UA 68.72%2 AAZAHE B
(Fig. 10).

(A) 100

2 e

=

=

2 ~ w0

5

2%

2 Zw

=

=39

= © 20

e

=5

0 0 L

10
Fermentation time (day)

(B) 100

= 80 |-

i1

=

2~ el

$E

E g 40 |

==

m W

- 3

@ 20 |

[

m J

- o

10 20 40 60
Fermentation time (day)

(C) 100

]
o

@
o

&
o

N
o

*OH radical scavenging
activity (%)

i

10

2

Fermentation time (day)

Fig. 1. Change of radical scavenging activity during vinegar
fermentation of Elacagnus multiflora fruit

A, DPPH radical scavenging activity; B, ABTS radical scavenging activity; and C,
Hydroxyl(-OH) radical scavenging activity.

All data are presented as the mean+SD of triplicate determinations.
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Fig. 2. Change of enzymatic inhibition activity during vinegar
fermentation of Elacagnus multiflora fruit

A, a-Glucosidase inhibition activity; B, a-Amylase inhibition activity; and C, Pancreatic
lipase inhibition activity.

All data are presented as the mean+SD of triplicate determinations.
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