KOREAN J. FOOD SCI. TECHNOL. Vol. 44, No. 6, pp. 779~784 (2012)

http://dx.doi.org/10.9721/KJFST.2012.44.6.779

AR E

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

Analysis of Free Amino Acids and Flavors in Fermented
Jujube Wine by HPLC and GC/MS

Myoung Sook Chun', Soon Jin Kim, and Bong Soo Noh*

Department of Food Science and Technology, Seoul Women's University
'Department of Food and Nutritional Sciences, Hanbuk University

Abstract Characteristic chemical compositions of jujube wine using different preparation methods including fermentation
were investigated. Fermentation for jujube wine started using whole fruit JW1), seed-removed fruit (JW2) and whole fruit
heated at 100°C for 2 h and then extracted (JW3). The free amino acids and flavors were analyzed quantitatively by HPLC
and GC-MS. A total of 18 amino acids were identified in all samples. The amount of total free amino acids was detected
from 141-210 ppm (JW1), 147-342 ppm (JW2), and 336-362 ppm (JW3). Large amounts of proline, aspartate, glutamate,
arginine and alanine were detected in jujube wine. Thirteen kinds of volatile compounds including six alcoholic compounds
(ethyl alcohol, iso-butyl alcohol, n-butyl alcohol, iso-amyl alcohol, n-amyl alcohol, and phenethyl alcohol), four ester (ethyl
acetate, hexyl acetate, ethyl caprylate, and phenethyl acetate) and three aldehydes (diethylacetal, furfural, and benzaldehyde)
were detected. Ethyl alcohol (30.50-33.95% peak area), benzaldehyde (2.55-15.97% ratio), furfural (0.07-15.28% ratio), iso-
amyl alcohol (1.04-14.73% ratio), and phenethyl acetal (0.78-9.28% ratio) were abundant in jujube wine.
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T2 glucose, fructose, sucrose’} FH TO=Z  fructose’}
1%, NS W AZZFNME sucrose’ 48.1%= 718 wol g
e B, 3 kg JRoEE 7
organic acid, amino acid, saponin, vitamin, polyphenol 5(21,22)
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FEIES At o] A2l Aie] ol wig Fa83 o
5 3 (27) oM tAE ZEFe RS e U
= A7 Aok BaE vk loem (28) ol sdEd] ]
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nato 2HE FFA Hed olulate] 24 B Tk &
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BRE Aoty AF3sta A BAE? Saccha-
romyces cerevisiae(KCCM 126385 ARE-SISITE B8 &1 uj
&2 19Fo]E Yeast potato dextrose(YPD, Difco, Detroit, MI,
USA) AR 20mLoll BE3te] 27°ColA] 297F A wjgA7
T2 250 mLE scale upsted 297k wlj st Tt

2| B

3F Az Al BERFETOWDHE 3 3keoll 297 2
St Saccharomyces cerevisiae B 0.8L ¥ 288kg & =
F 112108 g9, AE W FE7(0W2)= Ul 3 keollA
AE M Aol A& 288kg B /T 112LE EFs19eH, 7
FTAW3E 5 3kgS SF5 7Ll Yol 100°CellA 2417+ 7
A3 kS doj Ae W o33 tFF 3L, #UE
08L, % 288kg 2 FFF 112LE EFIL) o3& AH
0 2019 (] 40em, A 26em)S T s 2zt
G 3 F 25°CM 10087 SAAAT
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¥ opuxAt 2ALE Waters Co.(Milford, MA, USA)IA
gt RS AR 18F9 EE ofvARE w=rt 242 0.125
mol/L ¥|7 &334 addition methodS H-8-3to] 2+&3ITh Al
= LA AeRS YR 50l F38ke] pico-tag
method2 X1g 7133+ T methanol : H,O : trimethylamine : phenyl-
isothiocyanate=7: 1 : 1 : I(v/v)2] B]Z &3+ 8 20LE 75 &
T3t Ad2elA 2087 WAAIHTE Tl pico-tag method =
AF Axste] IR AR 4 250 uLE 71 o o] Sl
A 90 LS Al F=UsTh 7t Al 2mLell 75% olE g

< 30mLE 7IetL 8 AolA 3027 FEF F ofHsiinh

I S st 75% ddgEeR 23]
e AN Fall 48 Aol oLRTLE FRAA
AL, & oA o 1mlt HEs FE2AS 5535
2F A (pH 22)2 718 25 mLE §F U A|EA|
2]k & NS membrane filter(Whatman, GE Healthcare Co.,
Buckinghamshire, UK)Z o3}313L 10 ulLE Zgl FYste] 4
gtk frel obwlieit Aol ARE-3H HPLC= Water HPLC
System(Waters 510 HPLC Pump), Waters 717 automatic sam-
pler, Waters 996 photodiode array detector, Waters gradient con-
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troller, Millenium 2010 chromatography manager(Waters Co.)©]™
ZH L free amino acid analysis column (3.9 mmx300 mm, 4m
Waters pico-Tag, Pico Rivera, California, USAYS AR&-3Iith. 2
H 2L 40°CO1 % 1mL/min, ©]5H22 4F8d Ax
140 uM  sodium acetate(6% acetonitrile), &£ Y B= 60%
acetonitrileS AHE-3}

BN dE
EESH| =X

20% ethyl alcohol®l| acetic acid, propyl alcohol, ethyl acetate,
iso-butyl alcohol, iso-amyl alcohol, n-amyl alcohol, furfural, ben-
zaldehyde, phenethyl alcohols 7}t 1 ppm, WHETEEE AR
g p-butyl alcohole 02 ppme] HEE ZAste] ARE-3IATE

Solid phase micro extraction0f| 2§t £

Solid phase micro extraction(SPME, Supelco, Bellefonte, PA,
USA) 2cm-50/30 um  divinyl benzene(DVB)/polydimethylsilox-
ane(PDMS)S ARl om Algo] &8al7] ol 230°CollA 60
5 7HEe oy EES AASE 29® FJ3vF ey
A RIS 73RS A7 918 10087 <4E AE 4

E 6x22cm &7]9 €il 25% NaCl4-9 3mLE ol 2 4
o] & 5 YTE Yo} IR EHo] gles: FA T 40
°C AH&(sand bathydollA] 3027F AlEe] 7)ol 719 4%
(headspace)°ll Z3}=E=E BTHFig 1). 3P 45E §7]
o] 5ol SPME fibers Aiate] 3027k Al8e] RS &
A AT F2o] gEHW SPME fibers 7o) A GC-M
FATol APt 240°CelA 137 E GHAA AR Foll &
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GC-MS 2A{aH

GC-MS+= Trace GC 20009 GC-Q Plus ion trap MSn(Ther-
moquest-Finnigan, Austin, TX, USA)SPB-624¢] Z3He A|&2 A}
|3l em, ZELE 6% cyanopropylphenyl-94% dimethylsiloxane
(Agilent Technologies, Santa Clara, CA, USA)Z 30m, 0.25 mm,
L4pum ZF 57, E27AL 30°C(2 min)-(10-110°C(2 min)-5°C/
min-210°C(1 min)-10°C/min-230°C(I min)e] Q& w9} A|7h& =
gatom Al FYTE 240°C, A7) AFFE= 230°C
2 3L, 2RPIAE 99.9995%0] % HeS 1.0 mL/min®] f
%03 3192, scan rates= 5555 amu/sec, scan range= 30-650
(609)Z SIATE A5 FUL 1:309] BEIHZ FUsle] £
s WA AFEA71Y 2A0RmE AR o238 oY
A& 70 eVE S0, o] 28He] e 200°CE Sho] AR
o] AFAAEHS Faith 2t A8 IR S IR
FEdo] AFA~HEH 2 NIST(National Institute of Standards
and Technology, Gaitherburg, MD, USA)9} Wiley(Wiley, New
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Sample botle Thermo controller (at 40%¢)

York, NY, USA)9| EF AHFAAEYS Hlwste] F435150H, 719} 100¥ SA4AT AR F fE o =AHS HPLCE w48

n-butyl alcohols WHEZEAR sle] Alge] F/HES AP A= Fig. 29 Table 13} ZTh Table 1914 Hnpel 7ol

SSi= cysteine & 18F9] 2] ofv|i=Ate] AEZHIL Al TEFTFS

SUETOWDZE 141210 ppm, =70 W2)7F 147-342 ppm, 25

Zn} ol D& T-UW3Y7} 336-362 ppmoI ATt B Lol 357014 342 ppm

OF E} AFTETE Bekoyt Al 100d9le A5TellA 362 ppm

CIEFE M= 32| 72l ofo|it o2 7P Btk 8 oAt T AT AT 7bel wet

A7 U5 Soll= ek 4.6-53% @Fo] dFEo] A= A o 2ol A proline, aspartate, arginine, glutamate, ala-
o2 d4#HA Yuk36). Kim 37)S FF F tiFd e o nine?| o] =& Holr),

Zo] Wtg F protease§ O E E3|F ] ofm|iE] HAUt HlF Ehrlich(38)9ll k2™ Ehrlich pathwayES E3F%] leucine, valine,

Fof olPHTty Bgh vp itk B Ao tiFLETE 2 isoleucine 59| ofF| =4t 2R ATV B ¢FEE e ¢

.40 ?7 + - 0 day
i, 8

0.00 200 400 .00 .00 1000 1200 1400 | 1600 1800 2000

035’ 4 ﬁ 100th day

AU

0.15+

Lys - 20.243

0,10

0.05]

0.00—

0.00 200 #.00 6.00 '&h' ) '101.'00' I 12!03' T 1800 18.00 2000

Fig. 2. HPLC-PAD chromatogram of free amino acids in treatment JW1. Whole fruit was used for fermentation of jujube wine.
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Table 1. Free amino acid contents in fermented jujube wine

Table 2. Flavor compounds of the jujube wine identified by

(ppm) SPME and ion trap GC-MS
Free amino Time Samples % peak area of flavor components in jujube wine
. Compounds
acids (day) JW1 w2 w3 JW1 w2 w3
Cysteine 0 1 4 4 Ethyl alcohol 30.78 33.95 30.50
100 3 2 21 Propyl alcohol 0.16 0.19 0.08
Aspartate 0 8 20 52 Ethyl acetate 3.28 1.37 2.66
100 10 7 39 iso-Butyl alcohol 1.68 2.55 0.90
Glutamate 0 13 15 24 Diethylacetal 1.22 1.21 0.45
100 7 9 35 iso-Amyl alcohol 10.86 1.04 14.73
Serine 0 5 7 16 n-Amyl alcohol 0.26 0.69 0.34
100 4 4 8 Furfural 0.11 0.07 1528
Glycine 0 10 10 16 Benzaldehyde 15.97 7.41 2.55
100 3 4 17 Hexyl acetate 6.42 1.20 NDV
Histamine 0 2 NDV 6 Ethyl caprylate ND ND 5.00
100 1 2 7 Phenethyl alcohol 1.14 3.19 6.42
Arginine 0 40 20 43 Phenethyl acetate 0.82 0.78 9.28
. 100 7 6 16 Non-identified 2730 4635 1081
Threonine 0 5 3 7 components
100 1 2 11 UND: not detected
Alanine 0 19 17 26 JW1: Whole fruit was used for fermentation of jujube wine.
100 7 6 17 JW2: Seed-removed fruit was used for fermentation of jujube wine.
) JW3: Whole fruit was heated at 100°C for 2 hours and then was
Proline 0 47 35 68 extracted. This extract was used for fermentation of jujube wine.
100 78 75 87
Tyrosine 0 9 14 17
— o M ; " e Aoz YA UFeETN WeRd 4L v 2
o7 oFdnt olflo] HEF E Aele gleH, HET
100 3 5 25 ooz dug Az 10080] & 97 oAl slgpe] ok =
Methionine 0 2 2 4 = e 0%l & el Sk S
100 ND | 3 7F et Sl et A= 10080 #AE] HAsksivt
iso-Leucine 0 9 6 9 Shin ﬁ(19)1i 3] #2 o)zt F threonine, glutamate,
100 5 3 1 glycine, alanine¥=o] 2 Zo 2 HISIN=H £ AHAA
Leucine 0 13 10 13 A% glutamate, alanine 0] ¥4 =A Uehd A3e olE
100 4 7 15 Byel giAl2 FEdeh 98 Az e ko] 5%
Phenylalanine 0 10 7 10 oAt o2 N Eaf AHEE frEl obv=At S 141-
100 3 4 15 362 ppmlE v W Holgir) B Ao AxE HW =
Tryptophan 0 ND 11 2 FrE HEAZ 3577 o E AR 72 ol st Rk
100 ND ND 1 o] Weokom, 53] 3 Bk VERE glutamate®} aspartate 3
Lysine 0 5 4 6 e AFFOW3)7E 242t 24-35 ppmP 39-52 ppm O E A&
100 4 5 9 (IW2)] 9-15ppm, 7-20 ppm¥} FHFFIWDE] 7-13 ppm, 8-
210 342 336 10ppm HT} =A UeRfo] o]E2] ofnjiibe] ofgh gk ot
Total TR BT o 7wk e NPT e FE FFE 295U
YND: Not detected = =
JW1: Whole fruit was fermented for the preparation of jujube wine. sy SIME
JW2: Seed-removed fruit was fermented for the preparation of jujube GC ¥ GC-MSZE %& 3dA A RS X3 Z23=
wine. alcoholF 65, ester’F 4%, aldehydeT 3% 5 % 13%F°] A& ¥

JW3: Whole fruit was heated at 100°C for 2 hours and then was
extracted. This extract was used for fermentation of jujube wine.

3= Aito] AAEe] &7 e e FE oo =m
Byt e dFdaFoae o|ef 72 olnjiito] FHEA]
% Ao=2 Yl 2y o] 9ol Y3 WA= aspartate
Ao F U=t aspartates oxalacetateS 71
malateE 2§33, A EMP 7294 pyruvic acid’} acetalde-
hyde?} BHib7E2E WRAIE|M o] acetaldehyde’} carboxylase®] 4F
B0 2 diacetylo] A7]1AL ©]o] 2 3-butanediol 5 BT

Slon T4 XE-LS ethyl alcohol, propyl alcohol, ethyl acetate,
iso—butyl alcohol, diethyl acetal, iso-amyl alcohol, n-amyl alco-

, furfural, benzaldehyde, hexyl acetate, ethyl caprylate, phen-
ethyl alcohol, phenethyl acetateith. &=l <3l AAHE 3T
JEOZ ethyl alcoholo] Bo] EA|SIEZ AE+%= headspaced] E
3l® g3k H)o] 93 peak area H| & E ethyl alcohol o]
30.50-33.95%°] %A TH(Table 2). Ethyl alcohol TH2- 2 2 benzalde-
hyde, iso-amyl alcohol, furfural, phenethyl acetate, ethyl acetate
9] glgo] =& ol o™ p-amyl alcoholZ}t propyl alcohol St
Atk FHFFIWIE FAFTFIW)RTE o5 PR
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e A EF U5 3 vgo] ¥7] il B &
G AEE esterie 73S 3| ethyl acetate, hexyl ace-
tate”} AEEJL Z IRiF o2 HEr = HET
phenethyl acetate, AF43F] ethyl caprylate’= & H ATt FAH
= Yyt dhg oA HojE= vl 7o) jso-amyl alcohol EFo]
=)t} iso-Amyl alcohol& ethyl alcohol TF-O & 3hako] =Qto
1} propyl alcohol P HEE ) ©] % iso-amyl alcohol
vhubske] 7w A wEkd o, ARFH O Z jsp-amyl alcohol
7} p-amyl alcohol®] o] FOW o] FmlRo] FE=
Aow A UTH39,40). AldehydeT = diethylacetalS =F27
<, benzaldehyde= 2 2] aldehyde®]TH41). Min 524y 5=
WS g2]s gl5ellA] 2-propanol, propanoic acid, propyl ace-
tate, furfural 5 13%9] F71ES 43I, Kim 5(25)2
FAg AS U852 HEAT HFE] FIEECE 3-methyl |-
butanol, ethyl hexanoate, furfural, acetic acid 5 38%<] B2 ¥
7178%0] TAREJTNL Ao ol AR RS 7EH &
wiol] ofsk 2GR )R] HEES ] o3 AAPE B
2 FAHY £ AR AHERYH AGE For HI|e ofHo
3L AZHET IR A MEHeR RAgE £57] SRE,

AET57] FZHET headspace'ioll 9§ Zlo] Tz oAt
PV FEe AEAAS] HES ZYSHA] F= WYHOE
FEohs Zlo] Fasith. & die] T 7S] 1R
#3 ARl A5 A, AFYE SOl g B2 Ao
£ B3t

TS phenylalanine, alanine, aspartate$} threonine 52| ©}v] =4t

< kel X5 BET AHolA LBEEEI} ] IF
S 0otom o] FAolA phenyl alcohol} benzyl alcohol> R.Th

o] A= e Bksle] iso-amyl alcohole 7HAEE 7S Ho
ol Fridiee] S mxvks B8 #Ee b A=dGH 2
AFANE o Abs AYH o7 Frtele Hrteh AHS 3
SR e opw|i=be] A iRl Fr)AdRe] JES AEst
RoBR o]y Z}zte] oln|sbHE JFE vA=AE e}
Al Ashe dlolle dHIZE AT Bt 9] 7] E 9
WHslelA ofn|=Ake] M7t Zb7] e 3 AR Al of| @
T vX=A= FE o AFEoor & Fiolgtal o7t

2
EFIW), HFEAS0W2), HEAFOW3) T2E 2183}
of REE giFEaFe] Az $ fY oprlit YRS
HPLC® GC-MSZ #4138t A¥= v} 2t} Cysteines
o] frgl oful=ite] HE HAX ANEHE THFS 27 FUF
T-(IW1)7F 141210 ppm, 5 FIW2)7F 147-342 ppm, 5T
(IW3)7} 336-362 ppme] ATt ©] 5 thg AEH 8 o=k
proline, aspartate, glutamate, arginine®]ACF $HH 7| AJE-S ethyl
alcohol, iso-butyl alcohol, n-butyl alcohol, iso-amyl alcohol, #»-
amyl alcohol, phenethyl alcohol®] alcohol¥ 6%, ethyl acetate,
hexyl acetate, ethyl caprylate, phenethyl acetate®] ester 4%,
diethylacetal, furfural, benzaldehyde®] aldehyde? 3%°] #H& =3
©om o] F ethyl alcohol(30.50-33.95% peak area), benzaldehyde
(2.55-15.97% peak area), iso-amyl alcohol(1.04-14.73% peak
area), furfural(0.07-15.28% peak area), phenethyl acetate(0.78-
9.28% peak area)’} Bol HE H T
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