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Abstract

The physiochemical property, nutrient composition, and functionality of apple juice sterilized at a low temperature
(LT, 70°C, 30 min) or a high temperature (HT, 100°C, 20 min) were analyzed. The pH of the apple juice that
was sterilized at LT (pH 4.72) was higher than that of the apple juice that was sterilized at HT (pH 4.57), and
the acidity of the apple juice that was sterilized at HT (8.90%) was higher than that of the other sample. The
sugar content of the two apple juice samples was 15 °Brix, and the apple juice samples had high potassium, malic
acid, and glutamic acid contents. The total polyphenol contents of the apple juice samples that were sterilized
at LT and HT were 27.39 mg/100 mL and 23.24 mg/100 mL, respectively. The apple juice that was sterilized
at LT had a significantly stronger DPPH radical scavenging activity than the apple juice that was sterilized at
HT (p<0.01), and the apple juice that was sterilized at LT had a lower hydroxyl radical scavenging activity level
than the other apple juice. Finally, the apple juice that was sterilized at LT showed significantly stronger activities
that inhibit enzyme-related oxidation than the apple juice that was sterilized at HT (p<0.05).
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2 AN e AYEE A5 LAlshE (F)3Y
20X F 7HA el of3) At AZE AMgEAE o0&
sto] 42Tl BastaA ARESHATh Alr2e dAE
AE 253 AF7E - & 9715 Bl gk
9 259 BAS AT £33 AZFHATh AlgF
A (FFHUSZ A F2 AZF A AFREHE A
o, A4S 70Tl A 30i7), A4t 100T
oA 2083 A= ATk

Lo

pH, &tx & 718 TEE &2 53

AtF229] pHE AME2~ 10 mLE FH3he] 2204
pH meter (Model ORION 3star, Thermo, Beverly, MA, USA)
£ ol&ste] S5 A= ARFE2 10 mLoll 0.1
N NaOH £9-2 7}3}e] pH 827} € wj7}x] & A4sle] 1
ZB]E mLE malic acid®] (%) o2 Htste] HAAe
2 Uitk Abt2] 7] @R e 24T
ZA(Model N-1E, ATAGO, Tokyo, Japan)E ©]-8-3}o] =74
siaiom, 7t AL 33 viE S4skal O Haghd 53

A2 YER I

mLE ¥, B B4 108 5 FEAIA Aol
YA o, SF7F 3 mLE 2] 550 nmol| A
F35 S =7%(U-2900, Hitachi, Tokyo, Japan)dt$ith. £
I 3F2FS glucose (Sigma, St Louis, MO, USA)E ¥F22

M £

A2 0] A= A 2FA|(Model CR-300, Minolta, Tokyo,
Japan)E ©]-8-3}4] L(WX, lightness), a(Z 41, redness),
b(EA 5, yellowness) 3k 33] ¥ha S48kl 1 FHEHS
2 et o] W ARE-F 3279 A F(standard plate) 2]
L, a, b 32 747} 98.3901, -0.2042 ¥ -0.4210°] 3t}
2713 &= &4
5714 3L Jang 59)] el whal 52 (wet
digestion method)©.Z #4135} TE Microwave digestion
system (Ethos-1600, Milestone, Sorisole, Italy)= ©]-8-3}]
331 600 W= F 2087t 2HESIE ST HAe] 24
< A A|Z89L 045 ym membrane filter (Milipore,
Bedford, MA, USA)Z ©}3}-5}¢] Inductively coupled plasma
spectrometer (ICP-IRIS, Thermo Elemental, Massachusetts,
USA)E E243

7714 53

714k 2 Gancedo$} Luh (10)7}F 3 gk Wil whe
HPLC (Waters 600, Waters Co, Miliford, MA, USA)E 4]
sHAh &, AlE IS 045 pm syringe filter (Milipore,
Bedford, MA, USA)Z o #}ate] ARE8IR o H, #4208
column2 Water dCis (4.6x250 mm, Waters Co, USA)=
A}8-3}%1 3, mobile phase’= 0.02 M KH:PO, (pH2.7), flow
rate= 0.8 mL/min®] A t}. Detector= Waters 2487 UV (230
m)E AHESIN S, columng] 25 25T, 18] FYHS
20 pLSth

frejotn| A BEl £

frejobr)ate] e Yoon S(11)9] wWiel wek
amino acid analyzer (L-8800, Hitachi, Tokyo, Japan)Z 4]
st &, dAF ALAF22E 045 um syringe filter
(Milipore, Bedford, MA, USA)E o] 1}3}e] f-a]olm] =ik
SN EE AMESIR o™, A% 712 buffer change= 5
citrat lithium citrate buffer + hydroxide solution ©]%]2.™
buffer flow= 0.35 mL/min®] 31T}, Ninhydrin flow rate
0.3 mL/min®| 13l detector®] 3} hydroxyl proline?}
proline®] 7Z-¢- 440 nm, ©]& A &g YA ofn|i=ite]
7% 570 nmol| A S8 = o™ 13 FYFL 10 LAt
= ZE2dEs &

F Z99 22 Folin-Denis H(12) 0.2 =43}t
AlF2E 02 mLE Al@#e] FHsta o17]el] 02 mL
Folin-ciocalteu’s phenol reagentE %7}l 2 &3k &
387 Aol WAE Tk 3% F 10% NaCOs 0.4 mLE

e ok
ot O
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7Vete] Esla F7FF 4 mLE Frste] Ao 1A)7H
HX)8k 3 725 nmollA] EFEE =3 (U-2900, Hitachi
Tokyo, Japan)s}itt. oju] F Z s 33=2 tannic
acid (Sigma, St Louis, MO, USA)E o]&-3lo] ZHAJ3t =y
Ao 2HY FFS 3t

HASs

Blois (13)¢] ¥Holl F3}e] 1,1-diphenyl-2-picryl-hydrazyl
(DPPH, Sigma, St Louis, MO, USA)2}t]Zo] 7+Ash= A=
£ spectrophotometer (U-2900, Hitachi, Tokyo, Japan)Z =
A&t A3F2 2 mLoll 0.2 mM DPPH €9 1 mLS
7Vslar, 10%7F vortex 3F & 37CollA 3087 WHAIA
517 nmol ) EHEE Sk the 42 o g3je] A
29 PAHBHS PRH O AEHA

* Electron donating ability (%) = (1 - A;CB ) x 100

A : Absorbance at 517 nm determined with test sample

B : Absorbance at 517 nm determined with dH,O instead
of DPPH

C : Absorbance at 517 nm determined with dH,O instead
of test sample

Hydroxyl radical &M<

Gutteridge (14)2] ¥ ol F3lo] A& ol 1 mM FeSO4
9} EDTA, 10 mM 2-deoxyribose, AF}F225 717} 02 mLA
7F3}al 0.1 M phosphate buffer (pH 7.2) 1.2 mL2} 10 mM
H0, 02 mL & 7}31e 37°C =840 A 1417 REGAIZ T
HES-A)7] 898 0.5 mLol| 2.8% TCA (trichlroacetic acid)-8-<
1 mLE 7}ate] 935 FAIAIZ] ¥, 1% TBA (thiobarbituric
acid)& 1 mLE 7}stal THA] 1009 8740l A 1037t
7tEA7] & Fste] 532 nmoll A EFEE 23 (U-2900,
Hitachi, Tokyo, Japan)3}$3Th.

* Hydroxy radical scavenging ability (%)
A—B
=(1- — ) x 100
A : Absorbance at 523 nm determined with test sample
B : Absorbance at 523 nm determined with dH,O instead
of TBA
C : Absorbance at 523 nm determined with dH,O instead
of test sample

Tyrosinase X{aH&HA

Yagi 5(15)¢] Wl et S43H3th 0.175 M Sodium
phosphate buffer (pH 6.8) 0.5 mL%] 10 mM L-DOPA
(3,4-Dihydroxy-L-phenylalanine)S =<1 7129 0.2 mL &
A28 0.1 mLe &% mushroom tyrosinase (110

unitfmL) 02 mL-g F7}3led 25Col| A 287 w32 A wke-
ol 2o AE DOPA chromeS 475 nmoll A =4t
Tyrosinase A& Al5ENe] M7l FH79]
A= 22 Tk

A— B
C
A : Absorbance at 475 nm determined with test sample
B : Absorbance at 475 nm determined with dH,O instead
of tyrosinase
C : Absorbance at 475 nm determined with dH,O instead
of test sample

* Inhibition (%) = (1 - ) x 100

Xanthine oxidsae *{sll&HA

Stripe 9} Della Corte (16)2] ol we} 4319} 2
A28 0.1 mL9} 0.1 M potassium phosphate buffer (pH
7.5) 0.6 mLol| 2 mM] xanthine 0.2 mLE 37}3}3 xanthine
oxidase (0.1 unit/mL) 0.1 mL=E 7}5}ed 37Tl A 587t vk-g-
AlZl %, 1 N HCl 1 mLE 78t REg-S F3A17] U
HHE-H Foll A wric acid®] FFEE 292 nmoll A 74
3199}, Xanthine oxidase A3|&4-E A58 ] 719}
FA7Ve] F3E HAeE YehiQdth

% Inhibition (%) = (1 - A;CB) X 100

A : Absorbance at 292 nm determined with test sample.

B : Absorbance at 292 nm determined with dH,O instead
of xanthine oxidase.

C : Absorbance at 292 nm determined with dH,O instead
of test sample.

2 ARAYE 39E o g2 3 Pargho|H, Akt &

e SPSS (Ver. 18, Chicago,
Illinois, USA) 4] T2 1S o] &3l F A 7o
SO)2F2 p<0.05, p<0.01, p<0.001 M T-ests AZ3}
Atk

Zu 3 nF

o|ststy E4
A2 8] Ao mE 0|88t 548 ST
A¥= Table 19| YERAATE A 24T A5229] pHe
472, AT AFFAE 4572 AL AgF]
pH7} 9K =940, malic acid= $Hitate] S4¢ 2794t
T AL AARFATY 6.53% 2 A Al
8.90%HE T B2 ZhS Uit o= AaqAT 5 E
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et 20 T Al A4 e 54 23K®), 95T
oA At AlgtFAK T 75ColA Ak AlatET)
T Bhe AN ghs 7 AR fAkR BEE Ve
WAtk 718 1 FE R Aol mE Abo] §lo]
15.00 °BrixZ FY3IJon, MrE 24 AlgF29]
Lgko] 52,532 A4 AR TRt WE7F E%oH,
a, bak- At Abg2ao] AT e} AT ofzt T
=A YE T ol 75ColA 2087 5 At s Al
228} 95Ol 587 EF At g AbF20] AeE 53
g AF®)0lA] 75Coll A 207 At gk AFF229] a, bk
o] B =4 SHE 23} AR s UERiITE &
Y e AAES AlF27) 11.71 g/100 mLE A
ST A 1107 @100 mLE T =2 F S UE
WAtk ol it A A AlRF2T oA B8

o we ek Azte} AzhE

Table 1. Physicochemical properties of apple juice by sterilization
methods

Properties Low Temperaturel) High Temperaturez)
pH 47124001 4.57+0.00
Acidity (%) 6.5340.12 8.90+0.41
Soluble solid (“Brix) 15.00+0.00 15.00£0.00
Reducing Sugar (g/100 mL) 11.07+0.04 11.71£0.03
L 46.700.33 52.53+1.89
Hunter’s color a -0.1240.16 <0.1840.11
b 6.610.50 591£1.12

]IEach value is I\Z/IeaniSD (n=3).
170°C, 30min. “100°C, 20 min

7|1& &

A2t Al 229} AT ARE2ae] 71 g
A3 Ad= Table 29} 2tk AA A0 7149 &
& AAF AFE24(122.08 mg/100 mL)E TF 312
AR}EE2+(125.53 mg/100 mL)7} 2R =2 kS YERNSL
o, e, 437t ZFS A YR 7712 FE oA
IR2ANT A28 o] Hokth F AlET BT el
=A ZF9 gFol 7P Ekon, At 9 a2 AT
Ao ZEEFES 27 112.17 mg/100 mL3} 99.43
mg/100 mLE YERT) o]} o] BI)E F A5 g
71 =4 Uehd A2 AlRE I e Al §71-
TS S5 APATFEB) A ZFe Tl 7P =4
Uehd Zate} fAIALE ZE-S A Y] 3 o]
208 YEFH 7 A|Qe] ARt i v ES 24t
o, UEF, T4 o] 7 At 47 w3l otk
ZF o2 Bo] giH AL Aol Axe 44,
AAA A4, Aiksl A, 284 A 84 Toll Fodsh,
B A= 24t AlE227) 18,77 mg/100 mLO-Z
At AP 2ET Ta 28 338 YeEi e,
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FAIZEO] a1Aktel] o3 Al wEHol whef il
Ht ot A2t SelA o B 13RS RS
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Table 2. Mineral contents of apple juice by sterilization methods”

(mg/100 mL)
Minerals Low Temperature High Temperature

Ca 1.79+0.03 2.37+0.01

Cu 0.04+0.00 0.02£0.00

Fe 0.19+0.00 0.26+0.00

K 112.1745.31 99.4315.16
Mg 1.69+0.02 2.310.16
Mn 0.33£0.00 0.03+0.00

Na 1.360.02 2.28+0.66
7n 0.04+0.00 0.060.00

P 4.49+0.00 18.77+0.54
Total 122.08+5.39 125.5316.53

Each value is MeantSD (n=3).
"Same as Table 1.
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ARG At s WE {4 EES S A9
+ Table 3% 2t} Aldfe] Exshe v /74
90% ©]’+-& L-malic acid®]™, citric acid, succinic acid,
quinic acid 5°] F/FE ©|F% 7Hl ascorbic acid,
phosphoric acid & lactic acidE HIE3F A=A €8] &%
she o] wE f714HE0] o937 5 AL fr)at
HES Ho|a JQTi17). At o wE Al f7]
A shekS B33 23} (Table 3), oxalic acid, tartaric acid,
malic acid, lactic acid, citric acid, fumaric acid’} A& S
o, ARk o g AHLETF =k DA At
Fr714F o] A4S Aol e = A UERS:
t}. Malic acid®] o] F A8 EFoA 71 2e
TS 2HA8H o Malic acide Abpitolghale &b, 4F
=

o ol

—_

BE2AM 4F F2, A 55, T, B3 A, AR,
Z Y 7hE AFol AR A, HAF20) A Ao

q&s T FAo VI FL& AME 2 Sk
Fumaric acid®] 73-%- A4t Al ATt AEEH A=
H), fumaric acid= maleic acidol| 4] malic acid= 2] A& A]
ARE = FIER, AAF29 EAeE] Aol vl
fumaric acid7} 2 & UTHIS). HgF A4t F2ollA
Tt AZE % o]-f+= maleic acido|A] fumaric acidZ 2] 2ol
HoSl= & A (maleate cis-trans isomerase)’} #-2(40~6
30)0lA A3t = whE, 1.264T o]Aholl A= BHAdo)
A3t ALY EEA438tE ] fumaric acid7} A=A 7]
E(19 o2 FE) o) dw) Zo] HAAQ] {74t F7F
< AUEW, 7 AR ol 714t e Aol EAlsht
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malic acid7} H-2-S X}A|8kaL A 89) fumaric acid9} citric
acid’} 3 mg% W<l9] e yehd AP+ FAF
sk AgS eIt

Table 3. Organic acid contents of apple juice by sterilization
methods”

(mg/100 mL)
Organic acids Low Temperature High Temperature
Oxalic acid 2.2540.06 3.28+0.33
Tartaric acid 1331022 2.08+0.21
Malic acid 106.89+2.62 116.10£5.23
Lactic acid 16.89+0.49 20.7842.29
Citric acid 3.61£0.27 5.18€1.29
Fumaric acid 0.07120.01 ND
Total 131.04£3.67 147.42+10.09
"Same as Table 1.
Each value is MeantSD (n=3).
ND, not detected.

Salofn|=at Bhe

A Akt At 229} 31 AT Al o] frE]oh] e
Ab g Table 49F 2t} F ofvw| At ke A4kt
AY}FE227) 44.88 mg/100 mL, AL-2AHT AFFEE27) 58.80
mg/100 mLO.Z 24T ATt w2 ks YER]
o g5 opERME F FFRY AEs BEF
isoleucine©] 71 =& TS HoH, I I A2
g 325t 2204 ZH2} 1.07 mg/100 mL, 1.15 mg/100
mLE 23 F At v]|FSrolu] Al o] A= aspartic acid
7} AL D .24t AlgE2ol A Z42E 26.19 mg/100 mL,
37.17 mg/100 mLE 7} =& &S Jehligleon, 1

O & glutamic acid®] §HFo] =4 SH AT o] F
Fr2l obrike HA frE ofw]i=Atke] 747} oF 82.68%,
82.04%5 AL 1o, o]} e A¥= Ale] FH
o} =2Fo] aspartic acid®} glutamic acid2}al B3l A3 A
T0)%F AT Tyrosine®] 7% 7 A5 57 HE
)R] koo, Akt AlatE229] 7§ proline©] 0.153
mg/100 mLo] $HrEo] Lok, MAat AlRa2ae] g
AZHA] okt A2ANT AR A 9] HiRe] ofv]
=2ke] gheFo] Zko L} cystineTho] A4t Alula2a0|

A=A YEbs .

He=d SgEse FEdveldd, SH=EE A8kt
&, B H s T oeks st gy Vs
7HA AL =t o] A2 2} W phenolic hydroxyl 717} &4~

A B 7eE el FAZ Qs gl 53] &
Aksl 2483 Faste] #=/dE 49 hydroxyl groupe A
At o] 27] @Alo AE fel7Ee] HE SEES
BAB=S oo A3} A 285 ATH2D). Fg. 12 At
el mE ALl F Eejdls e U A=

A, At A7) 27.39 mg/100 mLE 31-&AHF A}
F52+(23.24 mg/100 mL) 2} #2202 =) TtHp<0.001).
ol LTS e HAGoA HEA FAFEE] Ui
g wet yepd diet AdEnh AEe T E89
T o] 2555 it Ao e AT AH22)0
e} A2kt Al AF AL Aol A kA
ZA9 o877 ¥ =& ZoE A7Hh

Table 4. Free amino acids contents of apple juice by sterilization
methods”

(mg/100 mL)
Amino acids Low Temperature High Temperature

Threonine 040 0.60

Valine 0.60 0.71

Methionine 0.07 0.09

Essential ~ Isoleucine 1.07 1.15

amino acid  Leucine 0.32 036

Phenylalanine 0.09 0.16

Lysine 0.13 0.16

Tryptophan ND ND

Total essential amino acid 2.68 324

Aspartic acid 26.19 31.17

Serine 225 37

Glutamic acid 1092 11.07

Glycine 0.14 0.12

Nonessential ~Alanine 1.88 259

amino acid  Cystine 034 031

Tyrosine ND ND

Histidine 0.19 031

Arginine 0.15 021

Proline 0.15 ND

Total nonessential amino acid 4220 55.56

Total amino acid 44.88 58.80
"Same as Table 1.

ND, not detected.

=] w
un o

]
(=]
i

oy
(=]

Polyphenol content {mg,/ 100 mL)
w B o

(=]

Low temperature High temperature

Fig. 1. Total polyphenol contents of apple juice by sterilization
methods”.
"Same as Table 1.

Each bar is MeantSD (n=3).
*ik p<(,001
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2lC|g AHs

A Ale AstAg S A A= 389 dsdd
ANUAE AAkastH, o]2f gt AstthAAl = F4kshAl] Whof
A, HAA 2 &7 A0S 2335 BE 72 o5
242+ 4-F(Reactive oxygen species; ROS)S A4ksHA| &
th. ROSE Thst el o] &3t LAz, AvA|o 34
3 FANAE Bl 2AHY 2E o] EPEsEY O
&o] BolA w35 Fxlsokal, 7245 WS WHAIA &
e GFAIZITH23). AFF229] At &0 ©E DPPH
radical 2715} hydroxyl radical 42~ < Fig. 20 YeRH
ATh. DPPH radical &7%5-& A4t AF227} 57.04%
o)1, AL AVF AT} 44.47% 2 A LT A
7F o)A o R & A% S UEHITHp<0.01). o]& A&
AF AFFF2] %8 polyphenol 3ol 71918 Aole}
A3 ZyEt}, Hydroyxl radical 2274%9] 9ol A4
ALRFE227} 86.55%, ALt AFF2T) 87.48% F A&
At AbEE2el] HlE o] F 0 ' H3k o (p<0.01), Hoh
Aol YA Aol 24 Yk,

o

O
¢

¢

r

e O Low temperature

90

£
B High temperature

B0

70 1 E

60

50

a0 -

30

20

10 -

a T |

DPPH radical OH radical

Radical scavenging ability {%)

Fig. 2. Radical scavenging ability of apple juice by sterilization
methods”.

"Same as Table 1.
Each bar is Mean=SD (n=3).
* p<0.01

|
Uehd Z23E Fig. 33 2ok 29 Akslad

xanthine =+ hypoxanthine ©.Z 58] urateS &
7} 3 Yol S7HEE 240 FH o] BES doT=
a4 o]tk24). ©]# 3t xanthine oxidased] 288 A 3)5}17]
9)5te] Al#E2~E H 718 xanthine oxidase A3 43S
A% AR, AT e AMF2T) 47.14%, L2t
APFE27} 37.85% 2 A2 ARt LAt Ak
2o BlE) o)A o2 A YR THp<0.01). A2
] tyrosinase A3l &S Rt A¥, F A5 BT
T B 848 Hol7l Flou), A3l AbgEr)t

10.82% 2 L2t AFE2 2.84%H T} o] Ho g 2o
248 B Y tHp<0.05). Tyrosinase= I 7|AF] A=
melanocyte2] melanosonedl| ] tyrosine 3-& DOPAS 7]&
2 3t gjRo] A AJEQ] melanins A= o]
A key enzyme O & A-E3H= GAEA, AL Ao o]&}]
melanocyte2] F-AHEH o] UojL}al melanocyte’} 431
t}. 243} H melanocyteol| A= tyrosinase $Hd o] Z715] o]
melanin®] /4o £33 ¥roZ JEPATH?2S). wEbA
Tyrosinase®] &4 A= o5 v|W ) =3} W] uf-$-
= 231tH26).

60
=%

40

O Low temperature

B High temperature

30 -

=
20

ar A

Xanthin oxidase

Inhibitory activity (%)

—

Tyrosinase

Fig. 3. Xanthin oxidase and tyrosinase inhibitory activity of apple
juice by sterilization methods”.

"Same as Table 1.

Each bar is Mean=SD (n=3).

% p<0.05, ** p<0.01.
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RS =
B ATAHE BT L= B AE20) 0|85t
43 JYHE B 71542 BAS pHE AL
AF2TE A AT R O Eghon, 2

AEE AL AT At AR w5
o F AR 7 PR e TdseH, Axs
AT AL Tt sk, Aol Ao
e AT AREAT7E o H B A YE T
T g AT AFATE AT ALY
F2 %S Uehllth 7 AR 25 257 malic acid 3
7P Bt e opwlieAike] F b a2t Akt
F27F =940 W, aspartic acid®} glutamic acid®] FHEFo]
O F 7V A et T EelEs e Add
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