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Abstract

Thee physicochemical properties, functional ingredient content, and antioxidant activities of the commercial orange
and grapefruit juice were investigated. Three types of orange (OJ1, OJ2, and OJ3) and grapefruit (GJ1, GJ2, and
GJ3) juices were purchased from the market. Antioxidant activities of the commercial juices were evaluated using
DPPH, ABTS, and reducing power assays. The pH of orange juice was higher than grapefruit juice and the acidity
of grapefruit juice was higher than orange juice. The soluble solid and reducing sugar contents of the juices were
in the range of 9.30-13.60 °Brix and 45.02-71.52 mg/mlL, respectively. The total free sugar and organic acid contents
of juices were 61.84-98.67 mg/mL and 1.14-1.60 mg/mL, respectively. The major free sugars were sucrose, fructose,
and glucose, and six types of organic acids were detected in the commercial juices. The total polyphenol content
was the highest in OJ2 (910.7 pg/mL), and the lowest in GJ3 (630.7 pg/mL). The total flavonoid content in grapefiuit
juices was higher than orange juices. OJ2 showed the highest antioxidant activity in DPPH and ABTS radicals
scavenging assays and the reducing power assay. Our results indicate that the functional ingredient content and
antioxidant activities were different even in the same type of juice.

Key words : orange juice,

MoOE

Hd & v Fr]d o] FREHA FrEo] Jlon,
chekel A Ao} gF7] AR 71918k 7|54 0] & g
Foltk. &gk thge] 2ol d-f-E5 H|Este] anthocyanin,
anthoxanthin, carotenoid 5-2] 49} =& Zo]u|& gk
ot St AE]7]sd g 7H AFelth §39] B 3
e Bl A g S48 free Bht|Zol| 93t &2

2ZRE 242 Bodae ditsl a9 Aot A
4 DNAE o 2RE Hisle] AdAAAS o 5

*Corresponding author. E-mail : yoonky2441@ynu.ac.kr
Phone : 82-53-810-2878, Fax : 82-53-810-4666

Received 09 April 2019; Revised 22 May 2019; Accepted 27
May 20109.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

grapefruit juice, physicochemical property, polyphenol, antioxidant activity

HH o7 ol gl Aoz HuEa Jrk3). I H
= otT 2 AT 1508 g F ok 30 g2 ALF~
A8tk alv‘r _h&m D% Olﬂi?ﬂ J+°‘Z*4 *Mak

BA 1 }e- %&SES’} J%ZH%EA A Ao =2
onj, 2HAES] ARAFH Wer VE T
Aoz g EEE ATeE A|Fo| Hisy B E=
ofafl F=2~oll it AH|7F Frkeka Utk ey Aol U
o} e TR sRole B <o Hrsst et AUt
=0] 5°] 8lo] Aol F37F A AL F2AE, S
100% 2t F552 AlEe] Avjt whEAl S7kska glvt

- 322 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2019.26.3.322&domain=http://ekosfop.or.kr/&uri_scheme=http:&cm_version=v1.5

Physicochemical properties and antioxidant activities of commercial orange juice and grapefruit juice 323

6. AFFAE MRS H/HE glo] BS 44 @ AL
atE A Zejug) FAE FE6, A R v
% R85 o) o] EG AAAE Hol 3 k. K3, 2
FANE QAAFAE Tl SEAGN g 2 WFE
AR eka glom, ARFoE tololE % 9288 Fe

B

shaFo] =11 Wk} Alke] 2315 o] F= tEAQl M
Foa =, HER co g7 ol A9l VA E -
I UTKT). TS AvAE] ¢
Moot AALA L ES A5ste gkl wat
F2 A FRE P50 A JoE d
Q& @ AT I BASEAGNN =2 AR
< 73 o, A o] AZAbA theket Bl
AFEo] Il otk

T U B JApRE Fao] AT U AT
d AT, dAks e, el 2 A
o] Ath1,2,7-11). 231} tjF-ite] 7
o] 3|Xslo] A|zH Fu 7ol

52 Al AxE FAE ddew
, AAFFo 2t A 2H FAFA U o]
2 7154 A7t Desith wep] B Ax=
o2 AFHo AlFHE I Y= 100% L H:A] L
T2 639 olgstd B4 715 AR g
ghakel &AL vl B 24 % AAE 9= AE7)
o] =8o] @ = e 7| 2ARE AlFstazt sFTh

U
N

i
K
X
)
Mo
N
>
o
I

ox o,
oo
pY
o0

I do & ot ¢

=

=2
=
ot rlu
ol

o
it

£
bz
Mo Ly m
ot i

12
=2

=

Ll
lm_Q_,L
a 2

o @ b off gk
2

05‘5_4'l
o -
ooZ:;gEm{n

1

N¢
oft o 1% I oft fi ox

R

AEHMZ

B A0 A1gE FAE odR] 2 A FEF oy
7} 3ERA F 6T o2 A= AFE TYs A
At zF F20] AAE HEE Table 13 2om, QA
o} ApB-F 2 747} 011, 012, 0)3, GI1, GI2, GI3=
Stk 2w B 100% g2olv, &3 WAl
A7V 2 AFom, L7t e Foe oIA

1

i o 4N ok N
ol |~

Table 1. List of commercial fruit juices used in the experiments

=

[«

1-8-stod HATE Felote] ASstATh F229 o3}
e Ne SA SZst9 o, 7l AT T
3} &4 =32 -30C deep freezer(MDF-435, Sanyo,
Tokyo, Japan)ol] E#3}HA A}-8-3} T

2
dpmt
We, o

ot
2

o|5tatx 4 9 Halct et

edA 9 2FF~9 pHE pH meter(Orion 3 star
Benchtop, Thermo Orion, Beverly, MA, USA)Z &7 3191
A== 22 10 mLod| S/ 90 mLE 7Hste] 108 34
% 10 mLE #3814 0.1 N NaOH &2 7}&ko] pH 8.3°]
g wj7bA] Aste] 1 AaHE F2 citric acid® 243
o 71 132 S 2787 (refractometer, N-1g, Atago
Co. Tokyo, Japan) & AHE3H] 230t BUF Fe
dinitrosalicylic acid(DNS)H(12)°l] we} & &stith =, Al
ol A1Z 1 mLeF DNSAF 1 mLE ¥ F 100C25=0]
1023 TFA1Z v WAkl 550 nmold F3%
(spectrophotometer, U-2900, Hitachi, Tokyo, Japan)& 7%
sttt olu] AT e glucose(Sigma-Aldrich Co.
Ltd., St. Louis, MO, USA)E EFEH R o] 243 A
Moz FY fHikste] F5k3

8,000 rpmei|A] 2043+ 4] &2l (Supra-21K, Hanil, Incheon,
Korea)dlal, Aozl A5S #3ke] 0.45 um membrane
filter(Milipore, Billerica, MA, USA)Z <33t & HPLC
(Water 1515, Waters Co., Milford, CA, USA)Z H413}3]t}.
F713F B opxziE HAE BAo] ALEHE &uiE 20 mM
NaH,POy(pH2.7)°1 1 2™, <42 0.5 mL/min ©]{T}. 24
£ Atlantis™ dCy5(4.6x150 mm, 5 pm, Waters Co.)<, HZ7]
£ ultra violet detector(Waters Co.)S AF-&-3t3it) f2 3=
A0 AM8-¥ Z-2 Carbohydrate analysis column(3.9x
300 mm, 10 um, Waters Co.), &7+ 75% acetonitrile(Fisher
Co., Hampton, NH, USA), flow ratex= 1.0 mL/min ~12] 311
7 Z7]< refractive index detector(Waters Co.) & AF&-3F31
o}, ojuf Zhzte] stk RFEAL] HAc e RE d& 4
gher Hy gHilste] Fak3d

Sample Ingredient Origin Manufacturer Data of manufacture Remark
on Orange USA P. Co 2018.07.11 Orange juice 92%, Orange pulp 8%
012 Orange Spain W. Co 2018.07.05 Orange 100%
(01K} Orange USA M. Co 2018.07.04 Orange juice 98.3%, Orange pulp 1.7%
Gl Grapefruit USA P. Co 2018.07.09 Grapefruit juice 94%, Grapefruit pulp 6%
GI2 Grapefruit USA M. Co 2018.07.10 Grapefruit 100%
GJ3 Grapefruit Spain L Co 2018.07.09 Grapefruit 100%
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QAR FA W RFFAo] = ZEHE 2 Folin-
Denis'H(13)2 W@ skl S48 ch Al@ ¢ 22 10 uL
£ #3}al 10% Folin-ciocalteu’s phenol reagent 20 LS
A7He & A eoA 5831 WA v 700 mM NaCOs-&-
A 80 LS H7I3F T Ao 1A]7F W] 8haL microplate
reader(EPOCH, BioTek Instument Inc., Winooski, VT, USA)
715 o]&sto] 725 nmell A FFE=E S5 o] W
gallic acid(Sigma-Aldrich Co. Ltd., St. Louis, MO, USA)<
olgsle] A& FFFAHE Fall T Felvlsl e A=

S

Z ZolEo|= & §’éﬁ
QAR W 2EFao] F ZERolE T ZHL
Davis(14)°] Wy o =2 5% O}ﬁi‘i’r. Al ol 7} Fre
2~ &9 0.5 mLol| 90% diethylene glycol< 10 mL% 7|5l
Z3&&l9ith 71 T 1 N NaOH 0.1 mL7}ste] 2 &8s}o]
AgoA 108 B ¥H3AIZl T spectrophotometer
(U-2900, Hitachi)Z ©]-&-d}o] 420 nmolA &3 =2 =43}
c o] W ¥ FetE ol =9 2 naringin(Sigma-
Aldrich Co. Ltd)2 ©]-83] 9& EFF& o] &3t A=

a5

N

DPPH 2i0Z& 2Hs &3

e#lx] ¥ zHgF2o] DPPH (1,1-diphenyl-2-picryl-
hydrazyl) 24012 27)%2 Park?} Yoon(15)2] el whak
=43k} 72 2~ 100 pLA& -2 microplate©]] #3}31 DPPH
£9< 200 pL¥ H7Fske] 37°CollA] 3083t ¥HeAl7 2
microplate reader(EPOCH, BioTek Instument Inc.)7] & ©]&
3to] 517 nmoll A SF =8 =339 2™, DPPH radical
scavenging activity (%) = 100 - [(absorbance of sample/
absorbance of control)x100]°l ¢J3te] B =S A=A

o

ABTS 2zt 275 &3

o#Ex 2@ zFF2A2  ABTS (2,2-Azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)) 2}t &7 5
Oh ¢} Yoon(16)] WS Wgsle] 249t 7 mM
ABTS®} 2.54 mM potassium persulfate S ZF5=ol 835}

3 Aol A 12-16A]13F HER]|8le] ABTS radical caution
A7l F 80% ethanol= ©]83le] 734 nmolA]
0.700(x0.02)7} E| =% 343} ). T2 E microplate©]] 10
L Fskal 314 ABTS &9 190 uLE 7Fato] 2ol A]
63%-5< HH3-A171 3 microplate reader(EPOCH, BioTek
Instument Inc.)7] S ©]-&3l] 734 nmol|A] B S =43}
%12, ABTS radical scavenging activity (%) = 100 -
[(absorbance of samplefabsorbance of control) x 100191 <] &}

3] A26d A3E (2019)
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W2 Hgste] S43k3lth e-Tubedl| 314 ¢ T2~ &4
100 yLE 33} 0.2 M sodium phosphate buffer(pH 6.6)

2 1% potassium ferricyanide S 2+2100 pLE % 71ske] 5
0Tl A 2087 HESAIH T ©] €l 10% trichloroacetic
acid 100 UILE 3 7}ste] 25T, 4,000 rpmol| A 1037+ LA E-
2] 39tk 459 -S microplate©l] 200 ULE F3l1 0.1%
ferric chloride®} =F4= 2+t 40 LA ¥ 1 700 nmol| A
microplate reader(EPOCH, BioTek Instument Inc.)7] & ©]-&
sto] S stk

EAHEN

B Y Ave 3tEo s $3u Hagky 2EAE
yehfglen, 7 A3 BAEA-2 IBM SPSS(23, IBM
Corp., Armonk, NY, USA) BAZZa:E o] 8435}
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olglstd E4g AR A3, A 2R, 4t 2dllA],
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(Table 4). AF=o] A§- AgF27t QA T2 Wt =
A2 JehfYlen, GI1°] 1.14% 2.8 718 5& g}a,
0137} 0.67% 2.2 71 v kS Bt 7844 13 &
k2 9.30-13.60 “Brix% 2™, 0J27} 13.60 “BrixZ 7}
=2 @S YErd v, GRrt 930 Brix& 7} B S
Yehdt) 9] Sk ghake 44.73-71.52 mg/mL2)
S Hlom, GI37F 71.52 mgmLE 7 H& S
B3, OJ1°] 4473 mgmLE 713 e kS B
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Table 2. Physicochemical properties of commercial orange and
grapefruit juices

Soluble solid Reducing sugar content

Sample pH Acidity (%) content (%) (mg/mL)
OJ1  3842000™2 072003  11.86+0.11° 44.73+0.07°
02 354:001° 085:003°  13.60£027° 70.10£0.71°
013 382:000° 067:000°  1230£0.10° 455240714
Gl 317:000°  114:003" 13502027 52.7310.14°
G2 314:000° 1.10£0.06®  9.30:0.00° 45024026
GI3  323:000" 106:003°  12.73:0.06" 71524047

"MeanzSD (n=3).
Walues with different superscript letter in the column are significantly different at
p<0.05 by Duncan’s multiple range test.
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Zolth, QA2 gl AgF20] F f
+ Table 37} 70| 61.84-98.67 mg/mL%E yehto
), 0127} 7V =2 S Bt 7F ek glucose”t
16.61-28.48 mg/mL, fructose”} 18.29-29.53 mg/mL, sucrose
7} 25.88-41.70 mg/mLZ, & F20)|A] sucrose &aFo] 7}
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7Y e AR el Sl TP e
< AA gk Badte] B A Aol A5tk Niu
51902 LAX HolA] Aokl el = Al2E F20]
32 sucrose(42.30 g/L), fructose(24.13 g/L), glucose(22.16
gll) T ¥ TS Yt Bustint Eg
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Table 3. Free sugar content of commercial orange and grapefruit
juices

(mgfmL)
Sample Sucrose Fructose Glucose Total
OJ1  3375881™Y  2429+1.13°  22.81£1.09° 80.85+5.94°
012 4170153  2876%030°  2821+056°  98.67+7.63°
013 3829:1.44°  1875:025° 16614028°  73.6511.95°
Gl 2856098  219940.13°  21.13#007  7167+4.06
G 2588%027° 18.29+0.24° 17.6720.16°  61.84+5.94
GI3  360740.63® 2953037 28484025  94.08+4.12'

"MeanzSD (n=3).
Walues with different superscript letter in the column are significantly different at
p<0.05 by Duncan’s multiple range test.

2 9 F e 24 A9
le 49} 2o, BT 559 f7]4to] SIE T
|5 A citric acid7} 7HE =& &S YERIlS
, 53] A8F210.13-12.01 mg/mL)7} QHAA]F2
(6.73-7.63 mg/mL)°ll H]3] FolA o7 =& SaFS- Ko
AHgF2 FoAE GI1°] 1201 mgmLe 2 E9k1, 94
A F2 Sl 0127} 7.63 mgmLo 2 71 =& &5
BT Kim 5Q21)& AHgF29F 0@l x| F 29 citric acid
g}efo] 717} 9373 mg/100mL, 688.7 mg/100mLL- 2 H 113}
o] B Aute}l §A18k3Ath Citric acids ZEFoll F3aH)
THE frIe R A AESE, AdTa, g, A
2828, FA1E, v =, salad dressing 5o 2] A&
= g AnE ZHA] g} Lactic acide] 7§ F229]
Z5o) wa} gk 2 o) E Bgon, 0127) 4.31
mgmLe® 7P S e UEhidn tFo=
GJ2(3.26 mg/mL), OJ3(3.13 mg/mL) = O = 3tko] =git}
F2~ % malic acidE 0.88-1.74 mg/mL M & 5o
Jglom  citric acid®} lactic acid®} A F22] F2 £7]
Ao 2 AZE AT mebA o) Al 71A] f7lcke] e&
A|F2o} AHEF 20 A0S 2 F8 g9lo = 28
Ao g Aardtt RE F 404 oxalic acidE 0.26-0.35
mg/mLE 7P 9 e JEATE Niu 5(19)2
TrovitaX] LAY A AR @R o] {714k 24 9 &
S =38 A, citric acid(6.97 g/L)7} 7HE Bo] 5o
AR e, T3 malic acid(1.55 g/L)7} &2 g Hol
HHA | oxalic acide] o] 7MW oz Hug o] 2
A7 Aotk FASIAT. Song 5(22)€ AHEFAA AA
Fr71 4k tHEk 4] E-o] citric acidZ} 90% ©]7), malic
acid7} 0.98-9.45%, oxalic acid”’} 3.58% ©|3}l= THr% o]
Rom, FFolv sz B A Ao Ajolo we} Dt
A & ovn Rtk 9ux] 9@ A2 =29] ascorbic
acid ¥ 012(0.42 mg/mL)7} 7H4 E9ka, 0I3(0.35
mg/mL), GJ2(0.31 mg/mL), GJ1(0.21 mg/mL), OJ1(0.20
mg/mL), GJ3(0.19 mg/mL) <=2 2 et Mg gd =+
29| ascorbic acid &3} H] wa] HH(23-25), A5-F27}
36.0 mg/100mL % 0.46 g/Lo]%laL, Q&:MA]F=27} 0.64 g/l
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Table 4. Organic acid content of commercial orange and grapefruit juices

(mg/mL)
Sample Citric acid Lactic acid Tartaric acid Malic acid Oxalic acid Ascorbic acid Total
oIl 71240342 09740.53° 0.690.08" 1.82+0.63" 0.26£0.14° 0.20£0.01° 11.40£2.63°
on 7.63+0.91° 4.312093° 0.58£0.11" 155029 0.2610.04° 0.420.08" 14.10£2.94™
o3 6.73+0.13° 3.13£043" 0.61:0.07° 1.7420.10° 0.28+0.02° 0.35:0.04° 12.83£2.514
Gl 12.01£0.22° 1.88+0.22¢ 0.35+0.09° 1.1920.01° 0.35£0.01° 0.21£0.01° 16.004.62°
G2 10.770.48 3264046 032£0.05¢ 0.88+0.06° 0.26+0.00° 0.300,03° 15.79+4.15°
GI3 10131047 1.52£041° 0.500.10% 1.48+0.04° 031001 0.19£0.01 13.93+3.96%

"Mean+SD (n=3).

Walues with different superscript letter in the column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 5. Total polyphenol and flavonoid contents of commercial
orange and grapefruit juices

Total polyPhenol Total flavonoid

Sample (ug GAE JmL) (ug NE/mL)
oIl 646.5£5"4 525:0.6'
on 910.7+18.8* 68.1+1.2°
o3 798.2+13.8° 55.6+0.6°
GI1 732.319.5° 933+0.7°
G2 779.8£16.1° 107.6£0.9°
GI3 630.7£32.5° 106.1+1.0°

UGAE, gallic acid equivalent; NE, naringin equivalent.

IMeantSD (n=3)

Values with different superscript letter in the column are significantly different at
p<0.05 by Duncan’s multiple range test.

s7] WiEelthR). F20 F Zeluls e S 2%
(Table 5), 0J27} 910.7 ng GAE/mLL.2 fe] Ao g2 713
= 7S Btk 12 thE o= 0I3(798.2 g GAE/mL),
GJ2(779.8 1g GAE/mL), GJ1(732.3 1ig GAE/mL) 0.2 &
& S Bl on 0J1(646.5 ng GAE/mL)Z} GI3(630.7
ng GAE/mL)E 2& &3S eIt o] ¢} Zo] 2
o] HLdol= Al xAlel wet T FejulE o] 2o
7F = Rl =, ole e T FF, AuiA
9 Az WHEEZY] 9 2}01 of 711g Aoz Hetd
th Lee 56)& Al 591 X=F220] F Fojdls =
A% A3 A ZAtel] wet ﬂau Ztol & st =,
% AE I o] 23 vle 2 Az ““E”OH o] gk
Hﬂé}cﬁv} Gardner 5(27) 100% #5535 3Hr
2 Y 2gF0] - Eejvs %‘

1
AT 7‘%49} FrAFElSI T BFA ] Gorinstein 5(28)< %t
A QAR F 2 B AgEF o)A 2z} 962.1 g GAE/mL,
906.9 1g GAE/mLS] E2)9%s &S Hasl] & o 7
Aol vgl] =2 e JERIUTE Hwang 52902 F
Zalos ko] Autd o Murt BS4E 28l

3z ET'I

A FEY 8T s ol oF 4-12v) Boha
'6}? ], ol= A} AHolA HsA SES] LUt
AFAZ A AAEJT] wEoleta st
—?Loﬂfﬂ AFE-S 0117} 0130l = P27} shid Aoz 4
A A3 S AA A 7]l 2 g ARAE
I A EejulE shgEo] Al AR A ORef Hla W
ghol U o2 ddtenh weba T2 Al Al HA )
P& AAA ga T2 FHE Sz 4
# 43} S, =2 Jﬂbﬂwwifa AL 5 e A%
715739 ol B A AT 5 e o= Add

3

Z EgE-o|= EE

ZPH 0| = C6C3-C65 7] E
oA shetEelth SetwolEe H@ane]e] 519}
2 Fzx zpold] whEbA 67149 & F-(flavanol, flavanone,
flavone, isoflavone, flavonol, anthocyanidin) & Wt} 2
9] = ZglH ol kS =43 Ay Table 59 2o,
A}Z-3493.3-107.6 g NE/mL)7} €8x F2(52.6-68.1 1ig
NE/mL)°l| H]g] feldo g w2 g8 Bt Chung(2)
S AT QAR F 20 F St ol S 7242 g/
mL, 77.39 pg/mLE B.3dke] B A¥ Azt vl thi
¥ G BT, Ros FEOS AT BTl T2
R ol=E A B FF 43 23 narirutin,
naringin, hesperidin, neohesperidin, didymin, poncirin 2
quercetin®] 7714 ZetHo|E7} FelEglon, o] F F
H Zg}H =0] =& naringin, narirutin, hesperidin®]™ 53|
naringin®] 7Hg ®ol FFHCl Sittn Husisith
Naringin- flavanone®] 3l 2 a7/ Ao £ 5%
FHrelo] glom, &ute] Zsithe 540 i, rlAdEl
W G A D UG B, 992 A%, Fuds
T3 5 o3k el 2-S 7HITHE)). e Silvia 5(32)2
= 73 ] Z/\oﬂ 3o ‘Q_ EE]‘ELO]E-/] aya_é _r/\qzsl

R ]

_|.4

THOR s A&

Z 3}, naringin, hesperidin, poncirin 3 naringenin®] £



Physicochemical properties and antioxidant activities of commercial orange juice and grapefruit juice 327

flavon©.= &% 3120, o] - hesperidin o] M =
1 naringin®] &#o] 7 Yol B 11819t} Hesperidin
2 ouUR| F29 = ZelHo|=o] 0% A|Elal 9o
™, AE e Aghail, At AEY 2ol e A E7 2
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Table 6. Antioxidant activity of commercial orange and grapefruit
juices

DPPH radical scavenging ABTS radical scavenging

Sample Reducing power

activity (%) activity (%)
011 60.55+1.52% 46.682.13 0.70£0.03°
on 95.96£1.53" 70.6621.40° 1.11£001°
o3 90742833 64.7620.69" 0961004
Gl 72124035 42.8612.16° 0.8420,01¢
GI2 88.3345.62° 50.97+0.16¢ 0.88+0.01°
GI3 70.58+2.71° 30,6343.19° 0.710.02
"MeanzS.D (n=3).

DValues with different superscript letter in the column are significantly different at
p<0.05 by Duncan’s multiple range test.
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