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Analysis of Organic Acid in Korean Apple Juice by
High Performance Liquid Chromatography
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Abstract

The contents of organic acid in Korean apple juice were analyzed by HPLC using YMC-pack ODS-AQ
column and enzymatic assay. Model apple juices were prepared at the laboratory and commercial apple
juices were purchased from the market. Individual organic acid contents were as follows: DI —malic
acid 62 ~402 mg%, L—malic acid 48 ~360 mg%, citric acid 1.81~15.74 mg%, fumaric acid nd~0.50 mg?%.
Together, these tests gave useful information about the quality and authenticity of a particular apple
juice sample. The presence of D-malic acid was a clear indication of adulteration because this isomer did
not occur naturally. Fumaric acid and citric acid levels above trace amounts were also inconsistent with

pure apple juice.
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B} ok 300 Mol AlFEty H-EE saRch g4 2
Ao] Zaro @] A= ekl 8] A A
T o] &Fe] ghot 70 o) F HHgEo N A
F57) A wat 4 YEBA snlEke] FED
olch HZ A Aa Helo] A-3hEE 43l vl
e AlEEo] et o At 223 9l
S8z Fag ApRbeag v R A
2ko- g o] WEE wloji} Faluhe] g
o} olelgt U F oo dig 7|57t
grtql o] glsbell A o8-l Al a ] Al #
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g sl Aol hgk 2 gk A B9 A 2l RSK value
2 A Ak} ¥4 35S WA sl Qleh23). AFE ]
x5} 2| £ 54 2 1= o] £7(4), B0&5), SIRA(carbon
stable isotope ratio analysis)(6), polyphenol(7), chloro-
genic acid(®), 714H9), sorbitol¥} proline(10) 2.2} 5L
271411 Fo) EFs|o] Sk
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Table 1. Commercial apple juices used for analysis
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3R
ppmE A 7Fste] 60°Ceoll A 3087 A
258 2o Y Has 2 gi}
+ 045 pm filter 2 o3}3tg o o
°Cell A} 15&7F A A e)gt F4] Hdst
e Z[Eo R ndF Al *11-7&"}9\13"%,*&7]9‘]
Az2FA & 7P i ) =4S HY A AM A 28)A
v A 23 100% EEF2E 60°Brix7HA] 60°Coll A %
T ohE o SR B A R RYFE Az
gt AP A oA Ae]dle] AFxF TFA)EE2 Table
29} 2},

124__

citric acid, DL-malic acid, fumaric aicd+
Sigma(USA)oN A +alshdc}. L-malic acidd %2 ¢ &
A A4 % kit Boeringer Manheim{Germany)2] Leben-
smittelanalytik Food Analysis UV-test(UV method) kit
E A}g-3ted ). A A 2] 4 microcolumndl Cis Sep-pak”
cartridge’= Water'™ Millipore(USA)ell 4 9] 5}¢dch,
£-19] = phosphoric acid(Sigma, USA)$} water(Baker,
USA) 28] i methanol(Baker, USA)-& HPLCH S 2 A}

ok el RE ANk A ol 4ol A% A
stdon FR4E 5% HAFE gt

A1-8-8F 7171+ spectrophotometer(Hitachi U-3200, Ja-
pan), high performance liquid chromatography(Gilson
305, France), UV -visible variable detector(Gilson 119,
USA), rotary evaporator(Biichi RE 121, Switzerland),
high power homogenizer{(Janke & Kunkel D-2300 Kiel,
Germany)s} €47k~ F4171(2AHM & Nagel, USA)
28} 3L Juicer(Santos, France)o] ¥t}

Aol Fx2

S-gated Sep-pak”

A A2l = Coppola(22)2] &

Table 2. Model juices used for analysis

Samples
A

Juices Labeled additives

100%, cloudy, A Vit. C, apple essence, fructose,
citric acid

B 100%, cloudy, A Vit. C, polydextrose, fructose,
citric acid, Ca'-whey powder

C 100%, cloudy, A Vit. C, apple flavor, fructose,
citric acid,

D 100%, cloudy, B Vit. C, apple essence, fructose

E 100%, cloudy, C  Vit. C, apple flavor, fructose

F 100%, cloudy, D DL-Malic acid, fructose, Apple
flavor

G 100%, clear, B Apple flavor, vit. C

H 30%, fruit, A Fructose, sucrose, apple essence

I 30%, fruit, B Fructose, sucrose, malic acid

J 30%, fruit, D Vit. C, fructose, malic acid

Samples Types Treatments -
a Concentrated
b —
. (Cj Cloudy
e Not added of vit. ¢
f LTLTY(65°C, 30 min)
g Concentrated
h —
i -
! Clear N :
k Enzyme clarification(100 ppm, 60°C, 30 min)
1 Microfilteration (0.24 um)
m Not added of vit. ¢
n LTLT"(65°C, 30 min)

YLow temperature long time pasteurization
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Cis 7HER] A& AHESHITh 57/ 1 mLot Al hE 1 mL
|

& &ARo 2 BHAA BHHAL T, AR $ Lml
% FYSt 2H4 1 mLE ETAA g o) 045

um membrane filter 2 o 7} 3}ed HPLCel 20 LA F9)
shaich.

HPLCol| 2lgt &4

Lin® Huang(23)9} wW4-& $-&sled {74 A2
HPLCZ ¥elstsich AHg-% 2392 YMC-pack ODS-
AQ column(USA, 250X 4.6 mm) 2.2 ¥l &g .on 243
2] & & 30°Colgdr). o) 542 20 mM HoPOa-NaH:PO4
(pH 2.8)F o] 43to} 0.7 mL/minZ & By} A 8.2
A3 F9]3L 20 uLo|len, UV detector & AH-8-34o]
220 nmol A Z&8k4d el 5% DL-malic acid®} citric
acid® Ztzh 5ol Fo] 1% £H L whEo] WA T
B Ackr AP shr] Aol 0.1 g/100 mLE 108} 3 A
&te] HPLCHl F3tgich 2813 fumaric acide 1%
EF80-2 0001 g/100 mLE 3} 4 s}e] F9) st

aoxM2t kit 0|28 L-malic acid X2t

L-malic acid® Evans S(24)7} 3 & w02 547
#(UV-method) kit®] Ab-&woll 2] 215wy ol ube} A
gkslodct, zelw PR 2= Aok @%B—E f’&

thg Abg3tgdeh FaA 8 200 AT FpHL
2R ste] A2l 4] 3087k vk A & £}3- membrane filter
(045 pm)2 A 37sbgdct. oJ 7%l L2 ol 318 plastic
F9(1X1 %45 cm, ratiolab™) el el UV 340 nmel 4]
EYCE ZAslg] ou L-malic acidd] 32k vh-&4!
o oj3le] Aarslsich

3PS AlFFEA 500 uloll EFF L-malic acids
500 pL(0.201 g/L)E Z7lste] 33 wby &4 A5
T 102%°1%t v}, Gorin(25)2] 7% 3 4-8-°) 97~103%2}
I B 3Eh kgl olef AR AFHE Ao ¥4E
Fofl = red A gkt

L-malic acid (g/L) = VXEXMW.~ 48 Zizyv\z 1/00‘4()/&
V= final volume (mL)
v=sample volume (mL)
M.W.= molecular weight of L-malic acid (g/mol)
d= light path (cm)
& = absorption coefficient of NADH at 340nm=
6.3(1 X nmol *xcm™
AA= 4 Acample A Abank (g/L)
F= sample dilution factor

Adge

IzolEO#T AN

SV B S e F2 ARW(5), 47 wE(25),
TLC(26), GC(27,28)9} HPLC(29,30) So] &&= qlc}
o del ol & ¥ GCRT281e HAo] Basta B
A 7ke] 485 o) 9o B Sep-pak” Cis 7HE ]
A5 ol&ste] AlgatAl A=Y + 9+ HPLC(29,30)F
o] 83t} Evans 5(24)& Bio-rad HPX-87¢] 28
& o]83}99 citric acid, malic acid, fumaric acidS ¥
3l 2.9 Coppola(22)¢} Zyren®} Elkins(31)+= thefgt
CrdA2 8 2 2 DL-malic acid®} fumaric acidg £
ek,

B APl e f74 FFFS HPLCE #e3tdd
o] 7hzhe] vl B2 X7k ty2 DL-malic acid 6.813, citric
acid 11.30%, fumaric acid 12.498-0) o}, $714 2FF
9] ek d-g 244 g 23 DL-malic acid? citric acid
= 0.25~2 mg/mL W el 4] =099 o]Are] HAIAE B
¢}.2.0), fumaric acidi 2.5~ 10 ug/mL B N4 r=0.99

o} 4re] M A& oo} (Fig. 1). A% ol 3H50](S/N)=2

E7|Fes AEAE 78 Aa 25 pg/mL ool
om A (A AL 356~9.55%]d ek

ATt A0 Rl Sfet

A}te] Eahdh= $214H-2 L-malic acid7t 4% o2
2%bel vl eF Zafshe quinic acid, succinic acid, fumaric
acid 218} 3 citric acid S0} o} 214 £53 FuiE

2 oleh(3). e ubat gbg Aol F o AEFL v A= AR
o g FAoluitl HEF Hrlo g Fxy]e] 9f7] “ﬂt 4‘
529 A 2R F-E5 T eh32). AT
Foll Hed A o 2 Za)5h L-malic acid 2! uk”ﬂ' “J*é
DL-malic acids &7}t v LE2F2 wldas 59 &
o2 100% A2 gl ArE 4= 9} o] 9} Tl 5]
DL-malic acid®} fumaric acid “L#] 3L citric acid&
&3, DL-malic acid 59 L-malic acid %% v]L3}
23 skl

AAE w02 A 2g 147) 100% 9 F 29} 107)
Algt Abapdp s o] §7]4F @2 Table 3914 B nto}
e}, Zak A3 AbataE o] 74 DL-malic acide 62
~ 402 mg%, citric acid 8.26~ 158.10 mg%, fumaric acid
nd~050 mg%el. o, Az 2l AlgFao] AL
o= DL-malic acidy= 210~ 285 mg2, citric acid 2.21 ~
3.94 mg%, fumaric acid nd~0.06 mg%eisdch. At 5
2] & foV4k ekl oF 71-94% % ) ska 9l DL-
Ao AlHF LS Fig. 29

f‘lf 2
>

malic acid(25)7F &
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Table 3. The contents of the organic acid in apple juice

| ess by HPLC (unit: mg%)
' ! —e— Fumaric acid Samples DL-Malic  Citric  Fumaric
=ampres acid acid acid
g 12 A 262 5720 008
< B 267 151.90 0.08
Qo e 302 1680 050
g o Cloudy -y g7 1360 002
Commercial E 402 890 007
MUTIE g D
4.0e+4 juice F 310 9.75 nd
Clear G 315 826 0.03
0.0 ) H 8 12270 050
0.00 025 0.50 0.75 1.00 %0%, 1 62 8720 0.01
Concentration (mg/ml) Fruit = 64 -15810 028
Fumaric acid : y = 1164.2 x + 154319 (1 =0.99 ) a 246 2.21 0.02
b 242 394 001
3e+S
Cloude € 244 294 007
g 254 311 002
Je+S ¢ —&— Col5vs Cal 8
;@ e 244 311 002
s f 277 394 001
5" Model g %5 28  nd
S sk juice h 244 301 001
2 i 254 384 002
T i 268 291 002
5 b
' Clear 270 241 002
ol 1 210 336 001
m 227 254 006
. _ n 230 310 001
oo 05 10 1.5 20 UNot detected.

Concentration (mg/ml)

DL-Malic acid : y = 1533.4 x + 134110 (r°=0.99 )
Citricacid @y =1090 x + 129595 (' = 0.99 )

Fig. 1. Calivration curves.
v: HPLC area, x: Concentration

| | 1
0 5 10 15 20
Retention time (min)
Fig. 2. HPLC separation of organic acid in apple juice.
Peak No. 1: DL-Malic acid, 2! Citric acid, 3: Fumaric
acid.

Table 394 B u}2} zte] DL-malic acid7} &8 ©]
2.3 citric acid®} fumaric acid”7} vl3F SA0351 o}

DL malic acid§#-2 Do(19)4) 7% W4 AJ & A}3}
F20l 4] 315~414 mg/100 mL, 29 ApapF=A = 232~
247 mg/100 mL, AF#H& 251 ~667 mg/100 mLo]gith. &
A A} ok #po]7) 9l o}, 9 =he) o] upz A
Ak AL~ 2] DL-malic acid¥H3-& 545~760 mg/
100 mL(9)¥} 285~ 544 mg/100 mL(31) 2] 3L 220~900
mg/100 mL(24) 24 g4k At 2nc 7 W7 2
AFL G T Uk o= V5 FE S5, 74 A2
W, F-7)4ke] A ek Sl ol gt Abo] 2 o Azt Al
A}k 2 % DL-malic acidt 748 EA| &2 B o ol
A} 402 mg%E viad ohE Fayc) A4 vehgr) O
i} o)l &gk A o] FFL ol Fm U= 714t
ol g th4>3] malic acid &% 5* 2 Z+& DL-malic
acid®] A7teiR-2 44 Bdsirle ofsid

&4 5] DL-malic acidoll = ¥4 2 fumaric acid7}
22k Ao]7] wlio) fumaric acid® A 83] Ao gy
DL-malic acid®] H7Fod %5 AT 5 9 rH33). Junge
2} Spardinger(34)= w53 AFHF 20 0.3 mg/100 mL
ol &AlatA ekskrhi LI 2. Evans 5(24)
Az F F-Lo] 100°CellA 3AT A X F-31 =9 | mg/
100 mLv A5 vha ok 2 Aol & Al
fumaric acid &&e] 25 1 mg% °1s} &5 o0 DL-
malic acid”t 3 7He E& &2] 7 %ol 0.3 mg% ©)3 =
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HEH) ol HrHE ofol Aol nE HEH A &
o2 AR} Do(19)& Al Alahg2 670 A F el A
) AFE ol v E FAollA] fumaric acid”} 0.1 mg%
olztelgiom, ghAl Aba}e] 7d-$-o & 0.008~0.076 mg2
2 338 v} glc}

A+eE ZFof citric acide] BT EEFo]l 05 g/L A =2
7] wjFel] wref AbabF A Fof| citric acid® #H7Febd
A BestE 28 4 9] 22 & fumaric acidet A
citric acidy HAA L2 FaF 9o & Z=oh23).
Evans $(24)% citric acid7} 5% Abgp2ol A= 10
~20 mg/100 mLeol A} a1 ehA] wom filolAs 1
40 mg/100 mL7}4] &-4-H vtz 22317 v} Bielig 5
(202 T8 A9 Ao 843 24 35 mg/100 mL
& A A5kt Do(19)e =4 A B 554 mg%,
BelFEAE A 149 mg% 2 2 citric acid E&°) 20 mg/
100 mLe}stoleich. e} A#sa 9le AA T4 F
57 A F-& citric acid”} 40 mg/100 mLel A A& H A 2,
1 FollA citric acid7F A 7F 274 A F-2 150 mg/100 mL
olatel it B a9 8 AfThF el A citric acid
7} 10 mg%oelslelgl.evt, Alst AlahaE 2 Ast [ ES
40 mg%o] A 22131 B, H, JAIE-& 120 mg%el el gt

Table 4. Comparison of the L-malic acid content in apple juice
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DL-malic acid®} L-malic acidgzk 8iw

# 2 ool 2l&tw L-malic acid®} D-malic acid®
HPLC(35)4 GC(36) & A3 Helstg ot x| 9
o} A& zhebste] AlshFA F2] L-malic acidd=&S &
24 Ay or EAsiglen], HPLCEZ A DL-
malic acid 323} ¥)ss}s tH(Table 4). 7L 2 3 L-malic
acidgheFo- X\ A} ol 4 48 ~360 mg%el o H,
w10 79 222268 mg%e] itk HPLC! 2{&F DL-
malic acid &8Fe] &34 Aol 2} L-malic acid &
gk o) oS8 A Jepg o A e 3E vEluig]
t}. 0] Do(19)8] A-¢ 2 F F~ol| 4] L-malic acid &3
o] o] B2 & zh=chE B 19} #le]7) 9l e} HPLC
Z7 6w A = 54 Yy o] 34§ el
ofl 213 Ao g oAl gy Al AlFHF o)A DL-
malic acid®} L-malic acid®] &82}7} 30 mg/100 mLe]
3+2 Evans S-(24) 18] 1 Junge$} Spardinger(34)7} Al
A1 g geFr el 2kl o v} DL-malic acid?} A7Hd Alg
F2 BAIE oA ekals) 42 mg %2 E3keh Do(19)¢] 74
< DL-malic acidol ©}& [.-malic acid®] &3F=}7F 2
F0] A9 HF 978 mg/100 mL, Al 3 T2 Yo 2272
mg/100 mL., ©] % citric acid &%°] ¥ 378 A E3 fum:

(unit: mg¥s)

L-Malic acid/

Samples DL-Malic acid" L-Malic acid” Difference”’ DL-Malic acid
A 262 252 10 096
B 267 240 27 0.89
Cloudy C 302 286 16 0.94
D 370 362 8 0.97
. E 402 360 42 0.90
Commercial F 310 302 8 0.97
juice
Clear G 315 294 21 0.93
H 85 74 11 0.87
30%, Fruit I 62 48 14 0.77
] 64 59 5 0.92
a 246 230 16 0.93
b 242 222 20 0.92
c 244 232 8 0.9
Cloudy d 954 240 14 0.96
e 244 232 12 0.95
f 277 260 27 0.92
Model g 285 240 5 0.98
Juice h 244 250 -10 1.02
i 254 240 6 0.95
i 268 245 23 0.91
Clear k 270 268 2 0.99
1 210 229 -19 1.09
m 227 230 3 1.01
n 230 1.01

234 4

"Determination by HPLC.

2) . . .
)Determmatxon by enzymatic assay.
¥D-Malic acid minus L-malic acid.
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aric acid@eFo] & 170 AEdA a7l 7}
B o} ol 4] DL -malic acidell #&} L-malic acid 8] &
o] Rl F 2o A HF 0.97F, Zvren} Elkins(31) 18]
I Do(19)2] 0963 F-Ag AxkE ol e Al
F2~ 7Y A Ez=ke] 0.90~0.970191 2L citric acid §&Fo]
=9k B, H, 14 Zol 4] 77} 0.89, 0.87, 0.7701 T} &) =
o] A% A#F 22 DL malic acid@ &% HPLCY GC
of] &J3}ed A&t & 4 A e ol ¢ 3fe] L-malic acid
greko- 3k 61“11:1}'_& D malic acidZ &elste] A F
+5] Zyren® Flkins(31)+& DL-malic
H]go] 7} ;‘.Os}t}-"r B

2% 3Asha Ak 5§

acidell & L-malic ac1d9~]

28 vl gli=d] ulg-o] 0.90" Rbe| ) W x5 Fagta 8
o ey} o] gk 7hA Aol b el 213k 8]E 0.90°]
3h= DL-malic acid?} 20%°]4F A7 =8 7§12,

20%viEte 2 Arlxgl 7
(3)2 ¥]-g°] 090~1.098 %
acid?] ekg #wslelol ®Holy waslgl o RSK
value (2)X% o] v}.& &85} 37 9t} Do(19)9] 4 - &b
AF Al#Ee] L-malic acid/DL- malic acid §3¥8] &= 0 98~
1.02, 27232 096, A gAbapaFE 22 A9 090~1.0°

F A Fvich chefated ov v] go] W A FL 7 citrie
acid?} fumaric acid®} &gFo] ®lar B ardlgdv} o)A
7 722 A5 58} L-malic acid®} DL-malic acid]
B} &7} citric acid .8} 3 fumaric acid®] =2 &4 8}
100 % AbpF20) =4S galsled 7bsAde] ot
oA

AL F ol E7l% st Nagy &

fumaric acid®} citric

Q ot
A =

At AT Gl nu HEDA A X2 F
717 A o] B8 75 A S ol i) 9l ste] Al o)
HEA Q] 714k DL-malic acid®} citric acid, fumaric
acids HPLCE A 3}9l v, L-malic acide &A%
o2 e Fahdrh 100% w9 AbsF o] 7
¥ DL-malic acid7} A} 9}~ 9] 23} 7)Ao 2 200
mg%e°] 4 vrebd o citric acidi= 4.0 mg%e] el sl
o} 28] 32 fumaric acid¥ 0.1 mg%e] st 2 vl g &) s}y
o} Al o] A —‘i’— citric acid®} malic acid& % 7}& 7 o
2 E71E AETe) A 4 7Zb7ho] §7)4F gefo| EolalA =
S1e= E’.%-’Fﬁ:ﬁl d-%- DL malic acid= tH3-% L-malic
acidZ EA15%d 21} DL-malic acidr} 3745 A sh3£9)
7d-% L-malic acid”} 21218} gheko] 2bgle}. L-malic
acid/DL-malic acid 31]+= 7% 090
o] AFoil ot Al 0 A9 0.900) 3 Al E % 9}

E'_——— e} 1:_47’:/\0]
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