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Abstract

This study aimed to understand the changes in quality characteristics of FElaeagnus
multiflora fruit vinegar according to the fermentation period. During the fermentation of
E. multiflora fruit vinegar, pH decreased, and total acidity and yellowness increased. The
total phenolic compound and total flavonoid contents of £ multiflora fruit vinegar
gradually increased during fermentation. 2,2-Azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid (ABTS") radical scavenging activity and ferric reducing antioxidant power of Z.
multiflora fruit vinegar increased to the 35 day of fermentation and then decreased. In the
liquid chromatography-mass spectrometry metabolite result, 59 main compounds, including
organic acids, leucic acid, phenolic acids, flavonoids, and tricoumaroyl spermidine were
detected in £ multiflora fruit vinegar. The partial least squares discriminant analysis score
plot indicated that £ multiflora fruit vinegar samples were clearly distinguished according
to different fermentation periods. Flavonoids and amino acid derivatives decreased, and
phenolic acids and organic acids increased during the fermentation of £ multiflora fruit
vinegar. The metabolomic result suggests that flavonoid glycosides and tricoumaroyl
spermidines might be considered as marker compounds in of £ multiflora fruit. It also
provides useful information for understanding the fermentation property of £ multiflora
fruit vinegar.
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AN E

ER84(Blaeagnus multiflora, cherry silverberrye= BEl4UEIKElacagnaceae) EElLt
F&(Flaeagnud) 0=, 3=, F=1, 2N 2 IR E= IeE A= Qo] EXs
= TS 712 QLo w2uto] uie- ZsitH2,3). o|= Qlsf A, 24N E s
22 o g Thgelol ERES, AR 9 SRR o]8E IHH3-5). E3E EREE= Y
oA Exlslela B8, ARt 8-S WA ofal ASHES, 49, 5 5o &Fart ik 4
A AeH2,3]. ER g ol gallic acid, p-coumaric acid, vanillic acid, p~hydroxybenzoic
acid, protocatechuic acid, epicatechin, epigallocatechin, catechin gallate, gallocatechin
gallate ¥ epigallocatehin gallate 53 22 F-& He4 0] sl AL, A}
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a-glucosidase A3, D43 7 ‘?411] TGS, 1 AR F4] A &4 59 IF A=
= IRl B QIvH1,4-7]. EEES drfs dhso] A S| tiZol HUEA 5
7] Zotal ok 1ejRE ERES dufE 83t 7RSAIE gt AAER] A 8Eh

’51—7111: Feueeld B, 134, XJ S 22 AR o ® gy o]&E 1 jlom, 24k
2ol £, SHAHE Aot E A A4, Z4E Eofol] W w235 59 tet 2t okl
HET QItH8-10]. Alx+= %_1‘{}1_1_& UFE I A IEE AX AREY, I35 E= I 59
ARZAREE ol8sto] TRt FF AZE APAbstar QUtH11]. o2t Al&= A19E U= acetic
acid7t FEC=E, 1 9 ‘rr7]*} 9 op|iAlkS IR TRt 8RS TRoka =t A=

a2 ARRE= AEAAel wet 11 -8 A= E 11 9kEe] tEr9,11,12]. EXEs GHiE o
sto] A 25 ARok= B9 EREEA, catechin®e phenolic acid®9] =F #s}, 21 4lst
4 e-glucosidase A3l /9= H gt vl QItH4]. 12U EEES GHiE ol8sle] A5 A|XS
= B2t catechin®2} phenolic acidFE 283 thsl B thAAIES] #slof gt 4=
n| &3k AAolt.

mabs] & oM ER £ o83t AA L&\ AXE AxRsh= 52t TR 7|l
2 g EAS Tttt 0}931:]- &3S liquid chromatography—electrospray ionization
quadrupole/time-of-flight mass spectrometry(LC-ESI-QTOF-MS)S o]-&s}o] H|#4 H|§]3t
d g 24 Bl daTIztel] mE SRS Gl A9 tAK HekE olsistaAt sttt

RN

1. 2 M=

ERYNE multiflora) B= 20239 680l AT FREEOIA AFTE RS Fdsto], A

o A&ttt B2 Al Exels g 20 kg& 8 h Bt $H0E Awet ke, A8
(sugar/water=10:1, w/v) 80 LZ 750} A4 24 7140 = 13] wHlslaA 159 59t A1
HRAIZ. olo] A2olA 209 Bt ollgE FaE T v Aotelut A 9] E8EEe
Ao, T ojoiS ok 574Y EQF AR OA] 2Al HFEA|A SR duf 422 Z‘H_J_O]'ME]'.
ERS Frf 42E Alxshs 5 TR 159, 259, 359 121 1809 AlEE AFeITh
g 7|70 wet st EXes Guf Az FEHS 7500 Bt o2, F HEy SRtE ¢
2 flavonoid 3K, 3 B4 T12]7 Al B4 S0] Alslo] ARSI

2. MT pH, ¥ EMT =Y

A FZWAIH=96.0, a=0.4, b=4.1)22 HA MA}A(CR-400, Konica Minolta,
Japan)E o]&ste] Wi(L, lightness), 2= (+a, redness; —a, greenness), A =(+h, yellow-
ness; ~b, blueness)s &3ttt SRS Gufl Al HEN] pHE pH meter(Orion star
Al111, Thermo Fisher Scientific, USA)E o|-&3sl] 453t TS A= EXEs dof
A2 g% 10 mLo] 0.1N NaOH |89 7sto] pH 8.37k4] AAstoH, 4] (1) ol-8std
ZAR9] o= s,

ZAE (%, acidity of acetic acid) = 0.006 x V X F x D x 100 / S )
V: 0.1 mol/L NaOH®] AH[EHmL)

F: 0.1 mol/L NaOH9 factor

D: 3}Aufj

St A= ZHFEHmL)

https://www.etals.org



SEelr S0 Az HIFEY WA

sy,
e
B s,

https://www.etals.org

3. £ =Y skiE e &4

EHglS g A% HEaHR F fley IJFEE FFS Folin & Ciocalteu's BR[13]1& 2FF
HEPsto] Stk &, A= aA 10 plof 5575 90 pLek 2N Folin & Ciocalteu phenol
Ak 50 pLE 7FeE the Ad=20A 3 min B¢t ¥RSAIFT. o] ¥kg-&Ho] 25% Na,COs &4 50

pLE 7R ok 25C9)A 1 h 8% g4 RESAIFHT. FF 989 T8 += microplate
spectrophotometer(Mobi, MicroDigital, Korea)& °1-85}% 735 nmolA &3S =745t
Az glo] & WA SRIES g7k EEE49 gallic acidE o]8sto] 239 AdF=Allug

gallic acid equivalent (GAE)/mLl& ©l-&sto] 5}9itt.

4. £ flavonoid &% =3
ERs duff Az HaNRo] F flavonoid F L Lee et al.[5]19] BHS HEPsto] SA 5t
Aot &, A2 TaH 20 pl, diethylene glycol 200 wL, 1221 IN NaOH &9 10 pLE &35t
5, 37C dry ovenollA 1 h &<t ¥EGAIH . o] ¥k§- 89%-E microplate spectrophotometer
£ ol&ste] 420 nmollA FFEE Skt A% ERAY| F flavonoid TS EEEZRI
querceting ©]-&sto] Z/JE AFFAlug quercetin equivalent (QE)/mLlZ o]-8ste £7g3t

ATk

5. ABTS' (2,2-azino-bis—-3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging
g2y =3

ERES gy 2% TgHo] ABTS' radical scavenging A4S 24517 93ll, 7.4 mM ABTS
B3} 2.45 mM K;$,05=1:1 (v/v)& FAlIA] 16 h B3t HESAIA ABTS' radicale AHAIHL
o, o] 899] Z3g=glo] 732 nmoflA 0.7+£0.027F Hl=F oehE2 S|4sitt. EHES 4z
grg ol 20 uL9} ABTS® radical 89 180 L& &35 5 min B9t ¥-&-A1%1 ©, microplate
spectrophotometers °|&5to] 732 nmolA FF=E S50t RS G 4% a9
ABTS" radical scavenging A2 troloxE HEEAZ o] 2% HETAIS o] 8dlo] 24
Qlon ol& trolox AFHHuM trolox equivalent (TE)/mL]S& ZHAFSIHLY.

6. Ferric reducing antioxidant power(FRAP) £

ER4 g A% TaHo] FRAPS &75517] 9ol 0.3 M oHIEARMER 45-8(pH 3.0),
10 mM TPTZ 2 20 mM FeCls-6H,0=10:1:1(v:v:v)Z 33 FRAP 2992 A13] 2]Ho]| 4| %519
ot SRS A% B8N 20 19 FRAP &9 200 pLE 86t 37T dry ovenollA 5 min
5 HESAIZ] TS, microplate spectrophotometers ©]-851% 593 nmolA SF=E 2751
o}, A1z Y@ olo] FRAP value L troloxE FZEAR 5lo] 25 FZRTAHAE 0]83le] &4
HRom, o]F trolox A uM trolox equivalent (TE)/mL]C2 ZHAISIATT.

7. LC-MS(liquid chromatography-mass spectrometry) 7|8t S| HOj Ax0| CHALX|
=M

ZRES g A% SFHS YAEL)(2,644 xg, 20 min, 25T)3 T HojZ AFSH 10 mLo]l
ethyl acetate(EtOAc) 10 mLE 7Folo] 80 E&-& ot Holzl EtOACE 2 mLE Y 553t
th2 LC-MS(liquid chromatography-mass spectrometry) SAIA] B-4lo AR&519It}. #a 7]
7to] T2 EREs Fuff 4] 29] AR £4L2 Song et al.[14]0] 211§+ UPLC-ESI-QTOF-MS
(UPLC, Acquity UPLC™ system; ESI-QTOF-MS, Xevo G2-XS QTOF: Waters MS Techno-
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logies, UK) ¥4 = 7 Hgsto] AAetatt. &, UPLC column Acquity UPLC® HSS
T3(1.8 gm, 2.1x50 mm, Waters)?]2.2™, 0.1% formic acid’} 3-8 H,O(A)2} acetonitrile(B)
£ o]5A4 8= linear gradient ®#(0-2.0 min, 0% B — 2.0-16.0 min, 35% B — 16.0-24.0
min, 50% B — 24.0-27.0 min — 100% B)2=Z {&319t) old] 4L 0.35 mL/minZ,
column temperaturex 40C 2, 18|31 AKRIE HEE photodiode array(PDA)Z 31t MS
BH ZAL ion sourceZ electrospray ionization(ESI; positive, negative), capillary
voltage(2.5 kV), cone Voltage(40 V), 1831 collision energys= 6 eV(low), 25-50 eV(high)=

3FL}. Quality control(QC)2 g 7[7to] tfE EXHES: gy xS Sdzko g T3lsl the
103] §H=sto} LC-MS &4 ﬂ°§°} ot IS LC-MS £4 2= FojX mass@t, UV
spectrum ¥ MS/MS fragment ion 7|¥EC& Massbank(https://massbank.eu/MassBank)
9 Human metabolome databases(HMDB, https://www.hmdb.ca)S &-&3s}o] AAlst5ct. &
B 70| v ERYs gl Ax A ojaRde] oiEF 54 42 MetaboAnalyst 6.0
(https://www.metaboanalyst.ca/MetaboAnalyst/)& 53f Partial least squares discriminant
analysis(PLS-DA) ¥ Heatmap< AHE5to] Hlo|EE A3} 51921, One-way ANOVAE &5}
o] p<0.05% 3}t

8. 34 24

EXZS Gufl 429 o|sfskd £ E4o] tist B4 A= IBM SPSS Ver 20.0(SPSS, USA)
Q9] BAF EX(one-way Analysis of Variance)2 A5t Had BEHAE A A6IGT
A& 7k9] 894 Ajo] BHL Duncan’ Multiple Range Test2 3t A AAS AAEIG10
e p0.058 eIt

1o

Z4
=

s

. EE 7]t F SHdls B AlX| ME pH ¥ SiE H3)

IR 77kl i SRS Frf 420 A, pH W FAHE $H3k= Table 10 HEHASITH A
£ Y BEE Wok=tl 3483 891 F iR, BEE Ue= Hunter [ HH7T X134
of whet A&H0g Fhadch= Aol Hunter aghe Ua A =g Uepyon a7t 18
ol wpet A7} Eob ot 2E wadolls R 279 A9 FARIATE FHEE Ueis
Hunter b3t & 18099 4% HaHo] 13.57+0.142 7P &9kom i) z1sydo wet
Lol AHgolodrt. B ATt A= A2 AR I F Maillard §F-EE0] A=} B A
St A= F7RITHE: B8} i SARITH15]. E3h HE 717 F flavonoid{e E3st

Uk

al

Fd
b

2

H

).

Table 1. Change in color, pH, and acidity of Elaeagnus multiflora fruit vinegar during fermentation

Fermentation period (days)

15 25 35 180
L 60.41+1.142 60.85+0.142 47.86+0.08° 46.37+0.26°
a -1.4740.012 -1.76+0.01° -1.71£0.02° -1.54+0.01°
b 7.59+0.24° 8.81+0.03° 7.62+0.02° 13.5740.142
pH 3.20+0.01° 3.15+0.01° 3.11+0.01° 2.81+0.01°
Total acidity (%) 1.34+0.01° 2.04+0.05° 3.41+0.03° 4.17+0.03

The values represent the meantSD (n=3).
¢ Different letters in the same rows indicate significant differences between vinegars by Duncan multiple
range test.
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Tz SRIEEQ ABIE Qlof] Xy G Ax9] ATt F71E A 0= sj4H.

I8 27|90 1594 EXels ) Az HEH] pHE 3.20+0.010]9.00, Harl A==
A FYH oz Ayt 2 Hagl 180% LaHS pHE 2.8140.010]90H. FA4HE=S] -
HE 1594 ao] 1.34+0.01%= 7P Roko, Hart g et A48 08 F7tslo]
g 180YA RN FAEE 4.17+0.03%010h 2A U= Hart JEo] it acetic
acidE BIESH 71X A O QS| pHE A4l S4HEE F7151=H(4,16), SRS Iuis

o
o
o183 A% T ER SARE HYUS ¢ 5 U Brele Gof A2 FUEL 417%S
Uheh S W A% o1 T A Ao weEri7)
2. W& JIZt 3 SHR% T AE0| & By SIS Y flavonoid Y sl

L e

Phenolic acid®4 lignanFg BIRS Hied SIE2 AEAI0] de] £325k= 23 diike
2, AR} 39S, T 5 TRt AREdS Rkt Bars|ar QIok18,19]. TS o3 SRt
|

al
e TaY 3 vAE A B Alsle] ol Rekdnal F deA k. olel ¥R 71t

ZHES duf 229] F visy SRIES] 2 9a 1594 219.3+1.85 pg GAE/mLE 7V
vgror dhg7} Adgo) ulet Azl os Zrlslglon WE 180UA] 501.7+2.38 1g GAE/mL
2 7 oIt

Flavonoidf= HEA SHE 5 olU=, s} A, A71s 71 59 oefet 4=
e dgjeity & 4A QIeH20]. AE9] £ flavonoid TS A% 715541 Uehl= AHLIA
2 ge] o &=|1 it ofof HHE I 5t ER s Frff 429] F flavonoid TR WSHE RAKH
Fow, I AIE Fig. 1B AASI3t RS Guff 4%9] F flavonoid TS H$- ¥aE
2711 15¢A= 13.36£0.67 mg QE/100 mLo& 7 Wotom, a7} ZgefHa FHuzlo
2 Zlelglon, 2y v 1802940] 285.245.36 ng QF/mLE 7FF &t} A Ea 11y
2l HisA SRIEES B EolEAY #@E] T HisA 3RkE Y flavonoid FEfo] ZHaght
I HAEQTH21-22]. I8, & AFoME X g A2E ARk 59 F vl st
E 9 % flavonoid 3ol X&A 07 F7sctal B st AxH4]9F RARIAH.

Phenolic acid7H flavonoidFg Z3T dlsA] SRt AT BHARLE 22 AE A
de] Bxzglo] 91, B4 D free radical 2AET ofg}t metal chelating?t 2+ g4k
o] 943t SIRFER HUE T QJrH23,24]. EH S GufE o] &3lo] X125 A|XsH= B9
Ak} B4l o1 ToslalAl ABTS radical scavenging B4l 2 H3MI2(FRAP)S RALSIIL.
1 A3}, ABTS' radical scavenging ZAl(Fig. 10)2 YA 271 35YUA|(441.4+0.53 umol
TE/mL)7H] S7Fet T, oIF ot Fashs AFFolglon, 5 Uasl 180Y4 433.8+1.82
umol TE/mLZ UERITE FRAP(Fig. 1D)= ABTS' radical scavenging 4 Hsle} SASHA
U8 359714 STl i 180YA tha At AU ¥ 4 AUSHE &, FRAPZ
g 1594 871.4419.32 pmol TE/mL, & 3594 1,170.8+42.39 pmol TE/mlL, 18111
2R 18024 1,095.9+32.92 pmol TE/mLE YeR{th X4 guf 420 gpikst g2
B 6097 AXAH R F7RTtal HaE|QloH[4], o= & AF ZAue}t fAHH. d=u, &
Hald gdof 4z9] g F2 AJ™QA 180YAIME £ HeAd SRME 9 F flavonoid 3|
7P =00l Etotal Rkt EAE tha Wit JBEE EHES IuiE oldsto] AxE
A|Z5k= &<t phenolic acid®H flavonoidFE EFRE HisA ke HspPT ike} &40l J3F

2

o)
@ B
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Fig. 1. Change in total phenolic contents (A), total flavonoid contents (B), ABTS" radical scavenging
activity (C), and ferric-reducing antioxidant power (D) of Elaeagnus multiflora fruit vinegar during
fermentation. The values represent the mean+SD (n=3). ®“ Different letters indicate significant
differences between vinegars by Duncan multiple range test. ABTS", 2,2-azino-bis-3-ethylbenzothia-
zoline-6-sulfonic acid; TPC, total phenolic content; GAE, gallic acid equivalent; TFC, total flavonoid
content; QE, quercetin equivalent; FRAP, ferric reducing antioxidant power.

< & 0% WHEo], oo tigh By ARt HEE A} IC-MS 7[R B| 22 H|FEA thARA
HskE RARHITH

4, SHg|l= G AXO| 2tg J7t & HIg[Y AL tHst

SHele Gl A2E AlRshe S diAA Heh P2 mefstalal, UPLC-ESI-QTOF-MSE
ol-gsto] B A A4S HAlSKtt. 1 i, EXes dnf 4x9] [C-MS TIC
chromatogramsol|A 59%9] £8 SRRIEE0| TAEtHFig. 2). °]59 MS spectras 7|90 =2

i 20 39 55
31 52
g
2
w
=]
§ 1 29
c 17,18
= 7 2 30 .
51
2~4 910 is i 23 40~45 48 - 59
" § ‘f_]_‘\“iw 2111 24~ 28 /32~38 4647 a8 50| [, (B8,
. s) |18 vy 11 Slio vl M==4L I v v 9 \
D00 | 200 TTTTa00 00 | 800 | 1000 | 1200 | 14.00 16.00 18.00

Retention time (min)

Fig. 2. LC-MS (negative) TIC chromatogram of Elaeagnus multiflora fruit vinegar (QC). LC-MS,
liquid chromatography-mass spectrometry; TIC, total ion current; QC, quality control.
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online database®} H|WE &3 chemical libraryS AAIS Z3iHTable 2), SE S Gujj 41z
£ succinic acid, isopropylmalic acid 59 ©EFe F7AES HIESHY caffeic acid,
coumaric acid 5] phenolic acid®, leucine®] tAKIES] leucic acidF, 123 kaempferol,
quercetin 59| flavonol#7t =8 HAIEE SHEUTE o2t AAIES B A% F

ARog HyE Ad25]9t GABIE ERES du 2 ZojME gallic acid, p-coumaric
acid, vanillic acid, p-hydroxybenzoic acid, protocatechuic acid 52 t=9] phenolic acid
F7H 4L 9SS £ A7-E B9 AR ERIEQI ey ERES: gl AlZoA 54H HE
Ql+= epicatechin, epigallocatechin, catechin gallate, gallocatechin gallate 2 epigallo-
catehin gallate 53 Z= catechinf= & A9 LC-MS BT/ thrkAllA S =A] Aokt
[4]. ol= & Ago] AR83t EX S Gulol] catechin7t PIFCR ol Qlo] HEHA F2
AR AmEth SUEAE, ERds g AxoAs tE BY AZ2ET] 29 tricoumaroyl

spermidinef7t EABL Aee T 4 Ak B ATHS Hms dujziy 3%

tricoumaroyl spermidine sto] I 25 MS € NMR £4& 5of &RIE 4= AATHE

oIEf TAA].

Table 2. LC-MS results of metabolites identified in Elaeagnus multiflora fruit vinegar

=
°©

tr

Fragment ions (m/z)

Molecular formula (MW)

Predicted compound

Positive Negative
1 0.50 175.12([M+H[") 173.10([M-H]) CeH1N4O, (174) Arginine
2 0.82  335.10([M+Na]") 311.10(IM-H]), 203.02 C11H2010 (312) Disaccharide
3 0.83 177.07(IM+H]") 175.06([M-H]"), 155.04 C7H1205 (176) Isopropylmalic acid isomer
4 083 ND 133.01([M-H]"), 115.00 C4HeO5 (134) Malic acid
5 110 ND 191.02([M-H]), 111.01 CeHsO7 (192) Citric acid
6 1.82 157.05([M+Na]’) 133.05([M-H]'), 89.02 CsH1004 (134) Deoxyribose
7 2.32 141.02([M+NaJ") 117.02([M-H]'), 99.01 C4HsO4 (118) Succinic acid
8 2.50 171.03([M+NaJ") 147.03([M-H]'), 129.02 CsHsOs5 (148) Citramalic acid
9 3.01 149.02([M+NaJ’) 125.02(IM-H]) CeHsO3 (126) Pyrogallol
10 341 185.04([M+NaJ’) 161.05(IM-H]"), 143.03 CeH1005 (162) Meglutol
1 3.76 171.03([M+H]") 169.01([M-H]'), 125.02 C7Hs0s (170) Gallic acid
12 4.45 169.05([M+Na]’) 145.05([M-H]'), 101.06 CeH1004 (146) Adipic acid
13 457 ND 131.03([M-H]"), 113.03 CsHsO4 (132) Glutaric acid
14 472 ND 147.07(IM-H]"), 121.03 CeH1204 (148) Mevalonic acid
15 5.46 ND 167.03([M-H]), 108.02 CgHgO4 (168) Dihydroxyphenylacetic acid
16 5.67 155.03(IM+HJ") 153.02([M-H]'), 109.03 C7Hs04 (154) Protocatechuic acid
17 5.82  220.12([M+H[) 218.10([M-H]), 146.08 CoH17NOs (219) Pantothenic acid
18 596 ND 117.06(IM-H]'), 71.05 CsH1005 (118) Hydroxyisovaleric acid
19 624 ND 109.03([M-H]"), 108.02 CeHsO, (110) Catechol
20 6.68 205.05([M+Na]") 181.05([M-H]'), 163.04 CoH1004 (182) Hydroxyphenyllactate isomer
21 713 155.03([M+H]") 153.02([M-H]'), 109.03 C7HsO4 (154) 2,5-Dihydroxybenzoic acid
22 7.29 121.07([M+H]") 119.05([M-H]'), 91.05 CsHsO (120) Phenylacetaldehyde
23 7.33 199.06([M+NaJ’) 175.06([M-H] ), 115.04 C7H120s (176) Isopropylmalic acid isomer
24 766 254.10(M+H]") 252.09([M-H]), 161.08 C12H1sNOs (253) Unknown
25 7.80 183.06([M+H]") 181.05([M-H]"), 151.04 CoH1004 (182) Hydroxyphenyllactate isomer
26 7.99 153.05([M+HJ") 151.04([M-H]'), 135.04 CsHs03 (152) Unknown
27 8.07 159.09[M+H]") 157.01([M-H]) CsH1206 (204) Unknown
28 8.23 181.05([M+HJ") 179.03(IM-H]"), 135.04 CqHsO4 (180) Caffeic acid
29 8.53 133.08(IM+HJ") 131.07([M-H]), 113.06 CeH1203 (132) Leucic acid isomer
30 8.63 133.08(IM+HJ") 131.07([M-H]), 113.06 CeH1203 (132) Leucic acid isomer
31 8.78 133.08(IM+HJ") 131.07([M-H]'), 113.06 CeH1205 (132) Leucic acid isomer

https://www.etals.org
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Table 2. Continued

Fragment ions (m/z)

No. tr — - Molecular formula (MW) Predicted compound
Positive Negative

32 897  243.13(IM+HJ) 241.12([M-H]), 168.00 C11H1gN2O4 (242) 3'-Hydroxypentobarbital

33 9.05  289.08([M+HJ") 287.07([M-H]) C14H12N20s (288) Unknown

34 934  204.12([M+HJ) 202.11([M-H]) CqoH17NO4 (203) Unknown

35 9.45 17411 (IM+H]) 172.10([M-H]'), 130.09 CgH1sNO; (173) Acetylisoleucine

36 9.67  399.13([M+HJ") 397.11([M-HT), 223.06 C1gH22010 (398) Sinapoylquinic acid

37 9.76 165.05([M+H]") 163.04([M-H]), 119.05 CqHsO3 (164) Coumaric acid

38 9.83 199.06(M+HJ") 197.05([M-H]'), 124.02 CoH100s (198) Ethyl gallate

39 9.93 189.05([M+Na]’) 165.06([M-H]"), 147.05 CqH1005 (166) Phenyllactic acid

40 1016 197.08([M+Na[") 173.08(IM-H]"), 111.08 CgH1404 (174) Fatty acid ester

41 10.36  208.10([M+H]") 206.08([M-H]), 164.07 C11H13NO5 (207) Acetyl phenylalanine

42 10.70  269.09([M+Na[") 245.09([M-H]) C13H14N2O5 (246) Acetyl tryptophan

43 10.77  206.08([M+H]") 204.07([M-HT) C11H11INO; (205) Indolelactic acid

44 10.90  238.11([M+H]") 236.09([M-H]) C12H1sNO4 (237) Lactoyl phenylalanine

45 1111 413.12(M+NaJ’) 389.12([M-HJ), 341.10 CaoH220s (390) Piceid

46 11.82  139.04([M+H]") 137.02([M-H]'), 93.03 C7HsOs (138) 4-Hydroxybenzoic acid

47 1245  443.13([M+Na]") 419.13(IM-H])) Ca1H2404 (420) Unknown

48 13.24  223.10([M+Na]") 199.10(IM-H]), 155.11 C1oH1604 (200) Camphoric acid

49 14.28  225.11([M+Na[") 201.11([M-HT), 183.10 C1oH1804 (202) Sebacic acid

50 14.45  303.05(M+H]") 301.03([M-H]), 178.99 C1sH1007 (302) Quercetin

51 14.57  433A1(M+H]) 431.10([M-H]), 285.04 Ca1H20010 (432) Kaempferol-7-O-rhamnoside

52 15.07  584.28([M+H]") 582.26([M-H]), 462.20 Cs4H37N306 (583) Tricoumaroy! spermidine

53 15.33  584.28([M+H]") 582.26([M-H]), 462.20 CasHarN3Os (583) Tricoumaroyl spermidine

54 16.05  607.22([M+Na[") 583.22([M-H]) CaiH3s011 (584) Lignans

55 16.30  287.06([M+H]") 285.04([M-H]), 255.03 C1sH100s (286) Kaempferol

56 16.73  317.07([M+H]) 315.05([M-H]), 300.03 C16H1207 (316) Isorhamnetin

57 17.00  369.22([M+NaJ") 345.23([M-H]) C1gH3406 (346) Fatty acids

58 17.08 ND 227 13([M-H]) C12H2004 (228) Fatty acids

59 17.37  287.06([M+H]") 331.25(IM-H]), 313.24 C1gH3605 (332) Fatty acids

LC-MS, liquid chromatography-mass spectrometry; ND, not detected.
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