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Physicochemical properties, phytochemicals, and biological activities
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of heat-treated Elaeagnus multiflora juice and vinegar
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Abstract

In this study, vineger was produced after heat treatment of Elaeagnus nudtiflora juice and its fermentative characteristics
were investigated. The heat-treated juice and vinegar of E. multiflora were similar in fruit color, with b values
(redness) of 39.48 (juice) and 37.56 (vinegar). After 10 days of fermentation of E. multiflora fruit, the acetic acid
bacteria viable cell number, pH, acidity, reducing sugar content, and alcohol content were 4.59-4.62 log CFU/mL,
3.14-3.45, 0.2-2.12%, 0.69-35.24 mg/mL, and 0.2%, respectively. The heat-treated juice and vinegar showed
significantly higher radical scavenging and digestive enzyme inhibitory activities than untreated samples, and the
levels of soluble phenolics, soluble flavonoids, flavan-3-ol derivatives, and phenolic and derivatives were increased.
Additioinally, the heat-treated vinegar contained major organic acids, such as acetic acid (21.82 mg/mL), and major
flavan-3-ols and phenolic acids, such as catechin (72.24 pg/mL), catechin gallate (273.36 ng/mL), epigallocatechin
gallate (68.35 pg/mL), protocatechuic acid (12.84 pg/mL), and salicylic acid (42.29 pg/mL). At 25 pul/mL treatment,
DPPH and ABTS radical scavenging activities and a-glucosidase and pancreatic lipase inhibitory activities were
79.66%, 93.99%, 90.12%, and 64.85%, respectively. This result suggested that it is possible to produce new types
of vinegar and beverages, using heat-treated E. multiflora juice.

Key words : Elaeagnus multiflora, heat-treatment, vinegar, phytochemicals radical scavenging activity, digestive
enzyme inhibitory activity

N 2 13-16% &5 <

gallate®} epigallocatehin gallate 2!

o &3t BAAgo R A AR AEEA Hg s gallic acid, protocatechuic acid, salicylic acid, vanillic acid<}
ks 7R3 glo] 2] &0l ZhEsakA| Rt g2 ute] Aattt tannic acid 5| ¥ o] o] AT 2T 2 43
D). Bl dulle e A5 or B s Ba AEA Sol e AR HaEo] glth(1,4-6).
A, Woled 0 A5 R Sl A48 sha ATk, AZE d2eE 3k P oHE edd FEAFoR
St He)g dull= glucose} fructose 52 TH7F <F v g Eg o] R, f714, opn|iAl B 3R ester A E
Ta @t 553 ek Aluts A1 e Wi
*Corresponding author. E-mail : kmcho@gntech.ac.kr Z:u]é]'%_ @ Shfelr, 20lE ol Lol 4% H_J?ﬂ]’ A8
Phone © 82-55-751-3272, Fax : 82-55-751-3279 BEA] &2 ABA R de) AHE L ATH). 9 4
Received 29 January 2018; Revised 21 February 2018; 2837 22 Al Bu|E3] 9235, 334, @
Accepted 22 February 2018. 78}, vehR], dPds A, wshiR], s 9 g
Copyright (©) The Korean Society of Food Preservation. All & 53 59 714l o FE th7,8). =]

rights reserved.

-5 -

01| flavan-3-ols 3}E<91 catechin,
epicatechin, epigallocatechin, catechin gallate, epicatechin
! phenolic acids =41



Comparison of biological activities of the heat-treated Elacagnus muitiflora juice and vinegar 53

HEe F= 482 TH HE F% 4% o8 =54
Z 3 I 30% o3 HdA2Tt fEH 2}91 H,
R L e Alxo A -2 A

2

]_ D}Oktﬂ- _,4_01

I Atk
b B AFoE 53 A S EA D ekt
A EAd S Ad Hel A s o] &3k TaES s}
7] 918l dxelel e Held 5y Az HEEA,
A EA, gz 2AZAY 25 aa AEA S
71k ek
Mz 3 g

RE, Alet % 7|7
Helg gull= 20169 69 F7 A AAA —t’rﬂd
thole) 2l SR e $EE ARS o} 49 AR
o A&ttt 122 E<F phenolic acid 3}3& OJ gallic
acid, p-hydroxylbenzoic acid, protocatechuic acid, vanillic
acid, p-coumraic acid, caffeic acid, ferulic acid, tannic acid,
salicylic acid, trans-cimmamic acid chlorogenic acid, 7%<]
3}3122] catechin, epicatechin, epigallocatechin,
catechin gallate, epicatechin gallate, gallocatechin gallate <}
epigallocatechin gallate 2 1052] EF 77142 oxalic acid,
tartaric acid, malic acid, ascorbic acid, acetic acid, maleic
acid, citric acid, succinic acid, fumaric acid$} glutaric acid<
Sigma-Aldrich Co.(St. Louis, MO, USA)°l| 4] <138}
Folin-Ciocalteus phenol, 2,2-diphenyl-1-picrylhydrazyl(DPPH),
potassium ferricyanide, trichloroacetic acid(TCA), 2,2’-Azino-

flavan-3-ol <

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 I: from Bakers Yeast), a-amylase(Human
saliva), pancreatic lipase(Type II: porcine pancreas) & A]
Sigma-Aldrich Co. 4] A3l tf. HPLC-grade H20,
methanol, acetonitrile ~12] 3 glacial acetic acid= Fisher
Scientific(Faitlawn, NJ, USA)°lA 435t t}.

3333 =Al+= Spectronic 2D(Spectronic 2D, Thermo Co.,
Petaluma, Califonia, USA)Z Al-83le] 7331313l high
pressure liquid chromatography(HPLC) system<> Agilent
HPLC 1200 series(Agilent Co., Santa Clara, CA, USA)E
o]-g&-aF3i

& M= % X2
Byg 3 Az 2 E32lE Chost Joo(3)e] W&

[e]
= =l 338 AHsta 2715 ¢ 45] AAT & H571
(HJ-7000, Hanil, Daejeon, Korea) S A}-&-3lo] X9} 2
ol= Aejo] AtE A=AR~E ojFfsle] Halg AES
Al
Helg 5o dAEle S L fel Hazed 3L Rl
FFS 93 120CA 3083 A letqdnh

& Y % AxE M=

d3E HE GRQ Saccharomyces cerevisize KCCM
112152 GYPA(Q2% glucose, 0.5% yeast extract, 0.5%
peptone, 1.5% agar) WjA|o| A HsHA 43 & L5
A T W FE WoK 71 30% T 50 mL7t S0
& 250 mL Erlenmyer flaskel]l 33 & &)
(IS-971RF model, Jeiotech Co., Seoul, Korea)ol| 4] 150 rpm<]
/\Ei 25°C°ﬂ7\1 301 7]. =] E]"G]'oq HH ok—gl,oiq, z}\} ul_g_
ZAHtE Acetobacter pasteurianus A8S- GYCEA(3% glucose,
0.5% yeast extract, 1% CaCO,, 4% ethanol, 1.5% agar) HJA]

oA HstHr] ALEEFI®), 24 TEE 9T T
w2 2% AetEe] 7k Mol 71|) B3k 50 mL7}
Eo] 31¥E 250 mL Erlenmyer flaskol] 3 &3la 21 &) 7]
(IS-971RF model, Jeiotech Co.)°llA 150 ipme] &E==2 25T
AN 3LZE wi st

3L Ui v|EAE] FFmon-heating juice of
Elaeagnus nultiflora, NHIEM)¥} & %] 2] 2} (heating juice
of Elacagnus multiflora, HIEM)ol| Z}Z} &% F9t<
2.5%(viv)Z FE3to] 30 Coﬂ/’ﬂ 497 AR BEAA A
SRS A 712 E dlen, 2 2EE V1 4 L}
S0 e A8 dHe x| A S A S 25%(vivE
HAEetaL 35ColA 597 A2 HRA|A A= v A
2] Z(non-heating vinegar of Elacagnus multiflora, NHVEM)
o} 2] 2] Z(heating vinegar of Elaeagnus multiflora,
HVEM)E A Z=3}3 .

pHe} &t

B4 353 4] %9] pHE pH meter(MP 220 pH meter,
London, UK)E AH&-3ted 5731931, AF=+= 10 mLe] ti@]
21 0.1 N NaOHZ pH 83714 T3HAZ] & Z4ke] oz
gHikste] W EE8(%) Ve AT

rt
[
on

(u]

ol a2 gat
Lo B4 BEI A 22 13,000 xg2] Sl A
AAE 7|2 57 A E

508] &2 100812 3] A8 A|& 0.1 mLo| DNS A] <k 1
mLE H7I8ke] 100TllA 1038 Bk A7 T 0C(LES
oA F453] Wadsle] 43 =A(Spectronic 2D, Thermo
Co)E AHg-3te] 570 nmollA S8 =E SA st el 2

r

s



4
N
L

474 2ol

Helg drf A5 AxolA 2] Aasre A
2 AZXE HASHTE 109 XM o2 5|2 8ka YCE
s

g nA] ol speared plate method = =3
ARt Bt v okatel T ske] FAdE HeEke Akt

F715F 42 Cho 5(1)9] Wl +=dle] HPLCE 24
3tk #2423 -& TSKgel ODS-100V(4.6x250 mm, 5 m,
Tosoh Corp., Tokyo, Japan) & AF-&-3}t}. o] 57 &nl=
0.1% phosphoric acidE ©]-&35}] 40T A 1 mIjmin®] &
= 483t 30 TN, ARE 20 lLE FHsH
UV AZ&719] 210 nmelA =431t

+=84 phenolics ¥ flavonoids &2 24
44 phenolicsZ} flavonoids $F#-2 Folin-Ciocalteu™
(15)2} Davis ¥1H(16)2.2 #4319 th 484 phenolics
EAE Z47he] Helg 5 A 2E 13000 xgo] oA
A7 2 5wt dAlwEe] e 52 50 -2 100M)
5]4ek & 05 mLE Al@ el EF3FaL 25% Na,COs &
0.5 mLE #7Fste] 3737 HX|A|7]3L 2 N Folin-Ciocalteu
phenol A|F 025 mLE H7lste] &3 o5 1A13F &<t
dAAI 71 & 23333 = A (Spectronic 2D, Thermo Co.)E ©|
&3kl 750 nmeoll A FEEE Sk

T84 flavonoids &2 45 0.5 mLE Al @3] &
3kl o719 diethylene glycol 1.0 mL 2 1 N NaOH 0.01

£ 7Fste] 37CoAlA 1A BEGAIZ & 3B EAE
o] -&-3te] 420 nmol|A] FFEE SH 8T ©]
phenolics @} flavonoids®] FEFEE-2 717} gallic acid$} rutin

% olgole] HE AYTUE Aol AEadh

4 0

584

rlo Jp

A

Flavanols % phenolic acids && &4

Flavanols<} phenolic acids $}3HE 412 HPLCE ©| 4
3 TH1). Flavanols %A 412 TSKgel ODS-100Z
column(4.6x250 mm, 5 pm, Tosoh Corp.,)< ©]-83k] 0.5%
acetic acid(pH 2.5), °]57% &1 A) 9} 100% acetinitrile(®|
74 &7l By ]85 o5/ 81l B 71 10%-0%0lA4]
100%-30 - 30CollA 1 mL/ming] &35S 2&35l] 43}
Ak A8 20 ILE FYsH AL, UV A=719] 270 nmol]
N =5

o HI

T2 FAGRFE A A25H AT (2018)

Phenolic acids 3}3HE #2412 XTerraTM RP Cg column
(4.6x250 mm, 5 ym, Waters Corp., Milford, MA, USA)<
o] g-3le] B E AT 0.5% glacial acetic acid(®]E7 &)
A9} 100% MEHE(0] 57 &1 By= Al&ste] &1 BE
7|02 40% Bt 60%14 100% 7127 EI(linear
gradient) & 30°ColA] 1 mL/min® & EA18130th A 5+& 20
ILE FY9aF31a UV A E719] 280 nmol A S5l th

ey gRle g AT s Al AT ESAT
A HEEY AEALYAE (Korean Collection for Type
Cultures, KCTO)oll 743+ - | alo] AT Esherichia
coli KCTC 1682, Salmonella enterica KCTC 12456, Bacillus
cereus KCTC 1012, Listeria monocytogenes KCTC 35692}
Staphylococcus aureus KCTC 1916 T+52] 1] 92 tryptic
soy broth £ agar(TSB = TSA, Difco, Becton Dicnson
Co., MD, USA)E A3l 1L, Vibrio parahacmolyticus
KCTC 2471 #52] w92 2% NaCle] 37} TSB &2
TSAE o]-&stath iy %2 54 peteri dishell &
F3HA] 15 mLE ®53ka o719 mle] 43} A AE
27vo] 235 Algt widd | mLE Atet 3 133} AlA
37°CoNA 48417 v ekalsitt. o] & Held #s 9 A%
3N E At 045 ime] AFDE o o3}gt F ozl
50 ILE ANTH 8 mm paper discol] EF 5l 22 S-53kA
w2l HZAZ T 37T A 48413 vl gsle] FAE clear
zone®| A 5o B3l LS ATt

BlCiZ 27 &

Chos} Joo@)®] WS met etz 2ABH S 2435
itk DPPH 2tt]Z 2271842 DPPH(1.5%10™ M) &9
08 mLo} Hel5 BET A2 45 02 mLE e F
1027} 2 E3stm ALolA 308 WA F LA

2 o] g3jo] 525 nmel | FHES ST &4 %
T Age AR tile SRS 02 mLE ste] At
ik,

ABTS 2tz 2484 7 mM ABTS £93} 245 mM
K;S:0s2 112 431, alellA] F 14A13F B3sto] ABTS
radical(ABTS " *)2 AAJA1Z] & 732 nmol| A FF=7ko]
0.7+0.027} H =5 ofgh&= 3|43ttt 3]4E ABTS &
% 0.9 mL¥} W2l #Eat A% 4o 0.1 mLE 411,
A&s] 38 & EFF=A(Spectronic 2D, Thermo Co.)E
o] g3std 732 nmollA FHEE ST

gz 2AGY e AF7e 4 dx2TY SRS
Tote] g3t 2ol MEE(%)E EASHIH.

dlo

=
| BN

A]
B Z 2ARE(%)=(1-—5 5

=

)%100

F=
sy

ol -

o | mloi

a



Comparison of biological activities of the heat-treated Elacagnus muitiflora juice and vinegar 55

ArstEA HEA

Cho S(1)9] WH= we} &skas Aagde S48
t}. a-Glucosidase A8l &2 B4 5 42 F5d
50 L, 0.5 U/mL a-glucosidase &4~% 50 yL % 200 mM
sodium phosphate buffer(pH 6.8) 50 uLo} &33lo] 37°Cel
] 1083t ¥F-8 & sodium phosphate buffer(pH 6.8)1 5
mM p-NPG 100 LE 7}&te] 37TCoA 1087 BF3-A171
HES-Eo 100 mM NaxCOs 750 pLE ¥H3-S A A|7] 3L
420 nmol| A S, o4 272 AFdS A8
o,

Pancreatic lipase A3l 242 He|d 253} 22 A5
50 uL, 1.0 U/mL pancreatic lipase £-< 50 pL$} 200 mM
sodium phosphate buffer(pH 6.8) 50 LS &3}5}e] 37l
A 1027 ol¥] ¥-&-A1Z] £ sodium phosphate buffer(pH
6.8)° =21 5 mM p-nitrophenol-butyrate(p-NPB) 100 L=
7¥ate] 10827t BHS-A17] 3 100 mM NaxCOs 075 mLE: 73]
S TAAA 420 el A FREE S AL, o4
Hz2Te Als gl $FdS o] &3t

2stEs Al AEFe 24 7Y =S
Tote] et 2ol MEE(%)E FAISHITH

SANZRT I3
askas A %)=(- “ﬁj;i;ié 100
2% | o+

EAAE]

33] vHE AE S B3lo] A& A= SPSS 12.0 package
(SPSS Inc., Chicago, USA)E Al-8-3le] E4HEA S 132
o, A2 gt A B+ FEFAAE YTt 2
Alge] A Ade] g fod A BAHEA

p<0.05 <=5l 4] Tukey’s multiple range testS 2 A3}

He|g niFnl Alxo| Mz, MRS

H AFelA Bl gl o] A <
AEA S SIAE BH oz Xt Ax3 B
53 A2 E Fg. 1004 e uhe} o] dxjg] & K4
dujo] nHAN AME FABlL oS T 5 U
th ¢t Hel 5y AR AT A 27} Table
17} 29t AAEE YJeER = b gl 93 Helg
IFHIEM)Z} 2] ZHVEM) A 212} 39.483} 37.56 0.2
g 2]3t He]l I}FNHIEM)Y 2] Z(NHVEM)<]
14.15¢F 21.86E T =& A& &1 4 T

HElg B 9 A xe] g 9 ojslety S AT

& A3} Table 29} 234t} B I5(NHIEM 3 HIEM)

(A) (B) <€ (D)

NIVEM ILIEM 3 IYEM

Fig. 1. Photograph of the juices (A and C) and vinegars (B and
D) of Elacagnus multiflora fruit.

(A) NHIEM, non-heating juice of Flacagnus multiflora, (B) NHVEM, non-heating vinegar
of Hlaeagnus nultiflora, (C) HIEM, heating juice of Elacagnus multiflora; (D) HVEM,
heating vinegar of Elaeagnus multiflora.

Table 1. Comparison of the color parameters on the juices and
vinegars of Elaeagnus multiflora fruit

Samples”
Control NHIEM NHVEM  HJEM  HVEM
L valie 9635:4.877 7321£2.92° 57.50£2.87° 56.14+1.68° 48.55145°
avalue  020£000°  051£001° 306004° 16912033 13.78:0.14'
bvale  022:000° 14.15028° 21.86+0.87 3948+1.18" 37.56+1.04°

"NHIEM, non-heating juice of Elacagnus multiflors; NHVEM, non-heating vinegar
of Eheagnus multiflora; HJEM, heating juice of Elacagnus multifiors; HVEM, heating
vinegar of Elacagnus nuiltiflora.

PAll data are presented as the meantSD of triplicate determinations.

IMeans with different lowercase letters (a-c) indicate significant differences of juices
and vinegars by Tukey’s multiple range test (p<0.03).

Indexes
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Table 2. Comparison of the physicochemical properties and viable cell numbers of acetic acid bacteria in the juices and vinegars of Elaeagnus

multiflora fruit

Samples”
Indexes
NHIEM NHVEM HIEM HVEM
Acetic acid bacteria (log CFU/mL) ND” 459:0.13" ND 462+0.10"
Physicochemical properties

pH 3.14£0,03" 3.39:0,02° 3.15£0,04° 345£0,04°
Acidity (%, vjv) 0.20£0.00° 2.04£0.08" 020£0.01° 2.12+0.06°
Reducing sugar (mg/mL) 35.09+1.40° 0.69+0,03° 35.24£1.55° 1442043

Alcohol (%, v/v) ND 0.20£0,00° ND ND

NHIEM, non-heating juice of Elacagnus multiflors; NHVEM, non-heating vinegar of Elaeagnus multiflors; HIEM, heating juice of Elaeagnus multiflors; and HVEM, heating

v1negar of Elaeagnus nultiflora.
ND not detected.
IAll data are presented as the meantSD of triplicate determinations.

“Means with different lowercase letters (a-c) indicate significant differences between juices and vinegars by Tukey’s multiple range test (p<0.05).

Aagtial skl 3 24 2 - pH 371 @2
Jin S(18)& WE o] A9 gyt W] net dmg
f714ke] 238 WEsto] AYsE oloEl 2 ahtE 1%@
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(18)°] Aol me Ao FHslsirt. o] 9| 50(19)t %@ﬂ
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Helg g 9 Az f714F S AulE 23 Table
33} Zsht). Heja #5o] F8 f714R lactic acid 0]
W, Azl Fo {74 acetic acid ©]$t}. NHIEM2
lactic acid”} 6.50 mg/mLo.2 7} Eetor, I tgo =
ascorbic acid”} 2.56 mg/mL, acetic acid’} 2.22 mg/mL,
tarataric acid”’} 1.87 mg/mL malic acid”’} 1.54 mg/mLZ
2o ghaks YERIa NHVEMS acetic acid7} 23.56
mg/mLZ 7} B3k o™, Jactic acid®} ascorbic acid= 2}
Ho} Faste] 247} 497 mgml2 1.61 mg/mL7F HE= A
t}. A HIEM< lactic acid”’} 6.18 mg/imL=E. 7} Eete
™, 7 522 ascorbic acid’} 2.41 mgmLE o] A=
ATk HVEM< acetic acid”} 21,82 mg/mL=E 7} 9k,
lactic acid®} ascorbic acid= ZHFET 7HAste] 747} 4.73
mg/mL 2 1.80 mg/mL7} &9}

Ao QoA FuH| o Azl SHMII
succinic acidE HFHET} 2] X0 2kt =4 ‘/}F/P/LU}(ZO).

Cho “&(1) Helg &) A 2APEE - 8 77
2F2 lactic acid$} acetic acidelal B.a1dle] £ A Az}l
T ARk ey gl Afolzh dSlth ey
NHJEM(6.50 mg/mL), NHVEM(4.97 mg/mL), HJEM(6.18
mg/mL)$} HVEM(4.733 mg/mL)2] lactic acid &3-S Cho
@] ERYT HFol et AT AR} Akl &
3] E% WE I F tricarboxylic acid cycle(TCA)l| 23]

Table 3. Comparison of the organic acid contents on the juices
and vinegars of Elaeagnus multiflora fruit

Contents Samples”

(mg/mL) NHIEM NHVEM HIEM HVEM
Oxalic acid 0590047 0.09001°  0312003°  0.07:0.00°
Tartaric acid ~ 1.87:009"  042:002°  170:005"  0.59£0.03°
Malic acid ~ 1.54:006"  033:001°  1.19:004"  0.88:0.05"
Ascorbic acid 256011 1.61:005°  241£010°  1.80:0.07"
Lactic acid ~ 650:032°  497:020°  6.18£030° 473021
Acetic acid ~ 2224009°  2356t094'  189:008"  2182:1.00°
Citric acid ~ 044+001°  048:0.02°  062:002  0.62:0.02"
Succinic acid ~ 0.13£001°  035:003°  0.60:002°  0.72:003"
Fumaric acid ~ 0.03£000°  0.06001°  0.03:000°  0.09:0.02°
Glutaric acid ND” ND ND ND

Total 1366:055  3187:127 13042052 3132125

"NHIEM, non-heating juice of Elacagnus multifiors;, NHVEM, non-heating vinegar
of Elacagnus multiflora, HIEM, heating juice of Elacagnus nultiflora; and HVEM,
heatmg vinegar of Flaeagnus nuiltiflora.

A11 data are presented as the meantSD of triplicate determinations.
IMeans with different lowercase letters (a-c) indicate significant differences of juices
and vinegars by Tukey’s multiple range test (p<0.05).

4)m not detected.
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Fig. 2. Comparison of the total phenolic and flavonoid contents of

the juices and vinegars from Elaeagnus multiflora fruit.

NHIEM, non-heating juice of Elaeagnus multiflora, NHVEM, non-heating vinegar of
Elaeagnus nultifiora; HIEM, heating juice of Elaeagnus multiflora; and HVEM, heating
vinegar of Elaeagnus nultiflora.

All data are presented as the meantSD of triplicate determination. Means with different
lowercase letters (a-d) indicate significant differences between juices and vinegars by
Tukey’s multiple range test (p<0.05).

Halg 3353 4 %9] flavan-3-ols$} phenolic acids &3
S AT E A3 Table 49 23T AAA o2 H2Rvh=
HFe] FFo] =itk Kl #AEFH} AR Fa
flavan-3-ols $}31&-2 epicatechin gallate= HIEM©] 288.12
mg/gC. 2 7V4 Wekor], 1 thSo® HVEMZl 27336
mefe, NHJIEM©] 211.48 mg/g, NHVEM7} 162.88 mg/g© &
7V A AEHEAT @, NHIEM¥} NHVEM=
epigallocatechin®} catechin gallate”} HIEM¥} HVEME.T}
gHeFo] =3¢ THTable 4).

Helg 3F53 4] %9] £ phenolic acidsE salicylic acid
9} protocatechuic acid®] 1t} Salicylic acid= HIEMP]
73.71 mg/gl 2 7} Wekow, I vl S % NHIEMO]
43.49 mg/g, HVEM”} 42.29 mg/g, NHVEM”} 15.57 mg/g=
7Fg AA sl AATE g salicylic acid@} protocatechuic
acid ©] 9|9 = p-hydroxylbenzoic acid, vanillic acid,

Table 4. Comparison of the phytochemical contents on the juices
and vinegars of Elaeagnus multiflora fruit

Samples”
NHVEM HIEM HVEM

Contents 'mL,
(ug/mL) v

Flavan-3-ol derivatives
Epigallocatechin ~~ 66.39£1.997 3142£125" 37.72:108" 25.8840.89"
Catechin 111384334 66.571.88" 129.75£355" 72.24£2.00°
Epicatechin ND” ND ND ND
Epigallocatechin gallate  84.0:336"  47.79:1.11° 11338355 6835:2.01"

Gallocatechin gallate  14.82:0.59  3.67:0.15° 3482£139" 11.10044°
Epicatechin gallate ND ND ND ND
Catechin gallate 21148+845" 162.88%3.24° 288.12+8.64' 273.368.12"
Total 488.07+19.52 312.33+12.49 603.79+24.15 450.93+18.04
Phenolic acid derivatives
Gallic acid 799:0.16°  6.80£0.13" 8.58+a0.18  6.57+0.12°
Protocatechuic acid ~ 13.09+0.52" 11.6540.33" 14.56%0.55" 12.84+0.41"
Tannic acid 1.60+0.04 ND ND ND
p-Hydroxylbenzoic acid  2.840.11°  324£0.15°  3.64:015°  5.16:0.17°
Vanillic acid 083+028"  598:0.18° 1288+035" 8594025
Caffeic acid 261:007" 2404005 2.16£0.05  2.17+0.03"
Chlorogenic acid ND ND ND ND

Salicylic acid 4349087 1557:046° 73.71:2.94° 42.29+0.90"

p-Coumraic acid ~ 8.070.18'  543£0.10° 7.54:0.16"  4.82£0.09"
Sinapic acid ND ND ND ND
Ferulic acid ND ND 577:010° 221005
t-Cinnamic acid 131:002"  081£001"  117:004" 0.96:0.03"
Total 90.833.63  51.88£2.08 13001£520 8561342

Totals (1+2) 578.90+23.16 364.21£14.57 734.10+29.36 536.54121.46

UNHIEM, non-heating juice of Elaeagnus multiflorz; NHVEM: non-heating vinegar
of Elacagnus multiflora; HIEM, heating juice of Elaeagnus multiflora; and HVEM,
heating vinegar of Elacagnus multiflora.

PAll data are presented as the meantSD of triplicate determinations.

IMeans with different lowercase letters (a-c) indicate significant differences between
juices and vinegars by Tukey’s multiple range test (p<0.05).

4)ND, not detected.

p-coumaric acid 2 t-cinnamic acid® 3%2 2
S, tannic acid= NHIEM®| A Tt 1.60 mg/g®]
(Table 4).

Polyphenol’d &}3H&<] flavan-3-ols¥} phenolic acids =
AL AAAL] 28 5 okgo| 7Fas A=A EAlst
3 theket Al g/do] Hold oz LA UTh1,6,23).
AutA © 2 phenolics®} flavan-3-ols 3}HEES ¥4
hydroxyl7|7} 2+ At wAkef Agtsto] AejgA S e
Aok e slom@24), EAE A5 A Al
A EZH 9] ester Aol S =EHTA 29 gl F2d
o & HgHETH4). Cho S(1)2 Hej dufje] A 24kt
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Fig. 3. Comparison of in vitro inhibitory activity against Vibrio
parahaemolyticus (A), Bacillus cereus (B), and Listeria monocytogenes
(C) by the juices and vinegars of Elacagnus multiflora fruit.

NHIEM, non-heating juice of Elaeagnus multiflora, NHVEM, non-heating vinegar of

Elaeagnus multiflora, HIEM, heating juice of Flacagnus multiflora, HVEM, heating
vinegar of Elacagnus nultiflora.
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Fig. 4. Comparison of the DPPH (A) and ABTS (B) radical
scavenging activities of the juices and vinegars from Elaeagnus
multiflora fruit.

NHIEM, non-heating juice of Elaeagnus multiflora, NHVEM, non-heating vinegar of
Elaeagnus multiflora, HIEM, heating juice of Elaeagnus multiflors, HVEM, heating
vinegar of Elaeagnus nuiltiflora.

All data are presented as the meantSD of triplicate determination. Means with different
lowercase letters (a-g) indicate significant differences between juices and vinegars by
Tukey’s multiple range test (p<0.05).
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Fig. 5. Comparison of the a-glucosidase (A) and pancreatic lipase
(B) inhibition activities of the juices and vinegars from Elacagnus
multiflora fruit.

NHIEM, non-heating juice of Elaeagnus multiflora, NHVEM, non-heating vinegar of
Elaeagnus multiflora; HIEM, heating juice of Elaeagnus multiflora, HVEM, heating
vinegar of Elaeagnus nuitiflora.

All data are presented as the meantSD of triplicate determination. Means with different
lowercase letters (a-¢) indicate significant differences between juices and vinegars by
Tukey’s multiple range test (p<0.05).
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