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ABSTRACT - In this study, 64 cases of fruit and vegetable beverages were investigated for vitamin C, polyphe-
nol, and mineral contents. The results showed that vitamin C content ranged from 1.851 to 251.108 mg/100 mL, and
the mean content was highest in non-heated apple juice at 8§9.646 mg/100 mL. Polyphenol content ranged from
260.767 to 1895.095 mg gallic acid equivalent (GAE)/L, and the mean content was also highest in non-heated apple
juice at 1042.311 mg GAE/L. Selenium and copper contents were highest in heated orange juice at 0.101 and 22.875
ng/100 mL, respectively. Magnesium, phosphorus, and iron were highest in the non-heated strawberry juice at 4.281,
16.085, and 0.400 mg/100 mL. Zinc was highest in heated strawberry juice at 149.344 pg/100 mL. Compared to the
recommended daily intake for adult men, vitamin C could be consumed up to five times the recommended daily intake
0of 200 mL of juice, and more than 50% of the iron intake could be satisfied.

Key words: Vitamin C, Polyphenol, Mineral, Fruit and vegetable beverages, Ready to drink (RTD)
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Materials and Methods

s R I=

2023\ 495 897HA 7= W fremida 2l
ANA FEEHIL e FAFFE T 6471 FAGA
719 2 ool we} 7tEMIZFE R Yol s
g AN EE QARAFE, AlFF2, B7| 5201 Table |
of JeRAATE. Q#lAF2 24471 197, H|7FE 57),
At 2671(7FE 2274, BIZHE 47)), B2 147 (7}
& 74, BI7E 77)el tieke] HER C, EEdE B
714 (Mg, P, Fe, Zn, Cu, Se)S 418} Th.

Table 1. Number of samples according to raw material and heat
treatment

Xot o EEg

AT AREE Al 9 EFES Sigma-Aldrich (St
Louis, MI, USA)A}2] meta-phosphoric acid, ascorbic acid,
potassium  phosphate monobasic, acetonitrile, folin-
ciocalteu’s phenol reagent, gallic acid, sodium carbonateE
AH8-3F% AL, nitric acid (Wako, Osaka, Japan), inductively
coupled plasma (ICP) standard (AccuStandard, New Haven,
CT, USA), phosphorus standard (AccuStandard)S A&3}%
o GAFE ZL&FAZE7] Direct-Pure  UP20(Rephile,
Zhejiang, China)®] 32} S/TE AM-3ISIT

HERQI C 2%

HIER C= AF3d G199 2224 t, 25
AAZwpE 2z ofe FepHel wet SA AT Al
-5 g8 Akl Tkl 10% HWERIAFEAS P 10

Z1est

L

AdEFe] 5% HERIAFEA S Ho 743
100 mL Wl &Fek2=1e] %A 5% wER]
2 8718 Ha waFetaae] §sted 100 mL
I & Y41 EE 7] (Hanil Scientific Inc,
Gimpo, Korea)Z 1,450 xgollA 1087+ 9AEE 3l
F5 Y-S F3| membrane syringe filterZ 3} & A|H&
Ho= ki 7171 sk

7171842 ultra violet (UV) detector”} 2% high-
performance liquid chromatography (HPLC, e€2695, Waters,
Worcester, MA, USA)S AFE3I 3, 717184 2742 Table
29} 7ty B8 A& CAPCELL PAK CI8 (4.6mm
x250 mm, 5 um, Osaka Soda, Osaka, Japan)S ©]&3to] &

CIEE DL

0t 2MYY

s 2 EPdedel A HslE ol8st
FEE =33 folin-ciocaltuets "ol )8 AF=31th A1E
82 96 well plateol] Nz} 54} 20 pLel] S/ 140 uL
£ Yo 343} 1N folin-ciocalteu’s reagent 20 LS 2
5 37 AF2olA REEAIZ T WEg-o] EUH 10% sodium

carbonate -84 20 uL& ¥o] gFaollA 1A17F ESAIF T

Table 2. HPLC analytical condition for the determination of vita-
min C

Samples Heat treatment No. of samples Parameters Operating condition
Apple (¢} 19 Mibile phase 0.05M KH,PO,:Acetonitile = 85:15
juice X 5 Flow rate 1.0 mL/min
Orange o 22 Run time 10 min
juice X 4 Injection volume 10 pLL
Strawberry o 7 Column temp. 40°C
juice X 7 Wavelength 254 nm




BEEAFAS A7) 8l gallic acid 5
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o
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gol B A@EAT EFEAL vhola

Ll
2 Z¥|o]Eg| | (Tecan, Ziirich, Switzerland)Z 700 nm<]

o},

a4, 9, He

AR FE9

A gallic acid

o]&-3to] gallic acid Fo2 Z2)|)

AR 9] 2
o} 7233 A

o] Ee&ES 20mLE GFE3to] A B2 ARESIT v}
ICP-OES (Avio500, PerkinElmer, Waltham,

MA, USA)Z #4138t e+, 2], o2 ICP-MS

(PerkinElmer)= 4] 8194 2.

BAZ7AL Table 33 74t}

g A5
Hlek C, v, $1E B4 Pl oie Ay
2 SlstmA Aa4, A3, 304, 4D 2 4

Table 3. ICP-OES and ICP-MS analytical condition for the deter-

mination of minerals

Parameters ICP-OES" ICP-MS?

RF power 1500 W 1600 W
Plasma gas flow 10 L/min 15 L/min
Aux. gas flow 0.2 L/min 1.2 L/min
Neb. gas flow 0.6 L/min 1.02 L/min

YICP-OES: inductively coupled plasma optical emission spec-

trometry.

JICP-MS: inductively coupled plasma-mass spectrometry.
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SHAIE SRRl AL 72t v E sAg &
AT 5 HFAE At A A%
“*(coefficient of determitation, R)Z gIs}S L, A
HkE =23 B A9 coefficient of variation (CV, %)=
gIsiAth A= A5 EFEES HUtete 3¢
S 83, A3 (limit of detection, LOD)$} 7 23]
(limit of quantitation, LOQ)+<= International Conference on
Harmonization (ICH)oA A|A|SE 7]7]0F-3-9] HEHRF} 7
o] 71&7] ol A WH el wEt Faksit.

&
A

KR
=

o_>|.2 oL F—{N

|

LOD=3.3x0/S
LOQ=10xc/S

o=The standard deviation of the response
S=The slope of the calibration curve

Results and Discussion

288 8F

HIEH C, Ee9ls, 7714 2499 f&
st 71719 AEsA AEeA, A4, A
= Table 49 YeRATH HESHAIoF F7FS
Cc= 27} 0.0612, 0.1856 mg/LE YEbta, ZgH =
7} 6.7800, 20.5455 mg/LZ YERSTE vl <1, A
AZ3AE 7+ 0.0247, 0.0070, 0.0027 mg/LE YERIL

= 7b7} 0.0748, 0.0213, 0.0083 mg/LE YFEFSTH

Ad g, 72, ofde A&dA= 2z 0.0009, 0.0024,
0.0282 pug/L= YEMSAL, BEFeAl= 712 0.0026, 0.0072,
0.0855 /L2 YEFSTE AESHA mRke] A3}E not
detected (N.D) #&stiom z+ S 244 =3 0.99
ooz 43 HAAS BT AOAC wW=EH" 3]
TE 75-120%0]13L, AEE 7152 8% olstel™ ZHz} 82.88-
98.19%, 0.5-2.03%2] W2 7]F oy = vrejytt).

oL

o
U=

ko)
=, A%
=

=
o
N R H A

Table 4. The LOD, LOQ), linearity, vatiation and accuracy of vitamin C, polyphenol and minerals

Compounds LODY LoQ” Llr(lf{%;lty (\éagit{‘?/zl) Concentratiilccuracliecovery (%)
Vitamin C 0.0612 mg/L 0.1856 mg/L 0.9999 0.50 1 mg/L 89.35
Polyphenol 6.7800 mg/L 20.5455 mg/L 0.9981 0.85 30 mg/L 82.88
Mg 0.0247 mg/L 0.0748 mg/L 0.9984 0.75 0.5 mg/L 94.95
P 0.0070 mg/L 0.0213 mg/L 0.9993 0.46 0.5 mg/L 98.19
Fe 0.0027 mg/L 0.0083 mg/L 0.9952 1.48 0.5 mg/L 97.66
Se 0.0009 pg/L 0.0026 pg/L 0.9996 2.03 0.1 pg/L 85.73
Cu 0.0024 pg/L 0.0072 pg/L 0.9996 1.28 0.1 pg/L 95.80
Zn 0.0282 pg/L 0.0855 pg/L 0.9954 1.59 0.1 pg/L 84.57

DLOD: limit of detection.
JLOQ: limit of quantitation.
IC.V.: coefficient of variation.
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Table 5. Comparison of vitamin C contents in apple, orange and strawberry juices

Samples Heat treatment No. of samples Range (mg/100 mL) mean+SD (mg/100 mL)

(6} 22 1.850-84.481 30.003£27.319
Apple juice

X 4 3.465-251.108 89.646+110.210

(6} 19 3.465-78.552 35.233£22.544
Orange juice

X 21.868-45.522 31.544+8.746

(6} 7 2.464-63.690 21.910£23.654

Strawberry juice
X 7 7.723-46.074 20.741+£15.544

Table 6. Comparison of vitamin C contents in apple, orange and strawberry juices according to vitamin C addition

Samples Vitamin C addition No. of samples Range (mg/100 mL) mean+SD (mg/100 mL)

(6} 18 3.988-251.108 51.796+56.136

Apple juice
X 8 1.851-41.610 10.792+13.346
. (6} 7 10.629-66.007 33.350+23.109

Orange juice
X 17 3.466-78.552 34.923+£19.831
(6} 6 4.084-43.353 19.401£13.481

Strawberry juice

X 8 2.465-63.691 22.769+23.496

HERI C O 2 2
HIERRD 9] e 7HE A o F-¢F HERl ¢ A7
o wet Table 5, 69 YEPAAT. 2 A5-¢] HIER C
o] g 100mL T LAAF2E 3.466-78.552 mg/
100 mL, AF#522E 1.851-251.108 mg/100 mL, 87|52
2.465-63.961 mg/100 mL& v A 3954 et 7}
d HEE FEENS W LAAF2 A9 vHE, H]
7t Al AFe] Z 7# 3.466-78.552 mg/100 mL, 21.868-
45.523 mg/100 mLe] HE JErASIAL, Ale 7HE, H)
7+d A2 AlFol z+7zb 1.851-84.481 mg/100 mL, 3.465-
251.108 mg/100 mL 91E YERH AT B7]52E 7HE
H7kd 2] A|Eo] zHz}; 2.465-63.961 mg/100 mL, 7.724-
46.074 mg/100 mLe] M 91E YERAATE BI7FE X AL
F=20] v C B Fdol 89.646 mg/100 mLO- = 7}
7(]— l-:7ﬂ 1,}]:/],1/1—0131 7]_0:1 ;‘qg] /x],;r,],zr,/\_o/] 3HH h:.&l ‘Eﬂ—ak
Uep ot QX F2E 71 A AFe] B
o] 35233 mg/100 mLoI 3L, HI7HE 2] A|Ee] B
sheFo] 31.544 mg/100 mLOE 2 X}o]|Z Holx| ¥gith
AP AFollAs Sl AlREL e S/l F20
Wi ko] 32 mg/100 mLe 2 JER} B Apel &
At AAE ALY, 19 A9 73 64 mg/100 mL,
52 mg/100 mL, 46 mg/100 mL 502 2 AAz}d] H]
3 T A BaE o

HER 7t A7HE AAlE Aga2olA 2671 5 1871
o2 H7b vlgo] 7P =Stk vlERl C7F FH7rE AR
F29] HF gFFo] 51.796 mg/100 mLOZ 713 %
HIEF C7F H7eA] 942 At 5o 2

=
ki
5

_>.:

n°1' Hh’
tlo

%
1

UehHith. Qalx)F2e} @r)F20) vebn ¢ Ja 3
g2 e € A7F {70l wE 2 2polE HolA] gk

. e € 1ol U2 A3 Fele) st 240 o

@ 7ol elaka e C WAk Slel we} Awe)
AAZQ 7157 FARAT P8 AR BT B4l

S7FeIATARL HAE Y. o)A Y el Ce AFshgA]
xﬂ 0:10]:7P§]_xﬂ AezAA Y 98-S 93 HIEEHN I
A FEE 2olH FFH SHAME AL 2aHE
YeEhH L ek

AAELQ AL vighl ¢ FFS AdER Aolstar),
w52 pHet T, ALl wet viE Ccol %
7 G Nagy®2 A7d%7] 277 W &7] Wl =
e frelda® ols vie ce) 349 Bt Aol

g mus. ols o] FAFLES] HEW ¢ T
o We WMo Je W) oo B Welsl B

Table 7. Comparison of vitamin C contents in 200 mL serving
size and RDI

Heat Average contents

Samples treatment (mg/200 mL) % of RDI"
Apple (0] 60.006 60.0
juice X 179.292 179.3
Orange o 70.466 70.45
Juice X 63.088 63.1

Strawberry o 43.820 43.8
juice X 41.482 415

YRDI: recommended daily intake.



A Yehde ez st

HEF o] dYAFAHAFLS 100 mg/100 ML F+2
gt (200 mL)S v ), HF 7Fssk BlEtYl o] W+t
o] dYAFHAFS Aot SFA1E 5 A=A Table
74 YGERASATE HIER Co FEF W9l 200mL 71E
3.702-502.216 mg/100 mLo] 22 Hth 5uj F-2Fo] wlelwl C
E AAT 7 de Ao=2 YEETh v7kE A Al
29 gl C Het T2 dLAGAHF 1.80) =
ol AL, QAMAF29 71E A AlHFLe] et HE]
C e ddaFEHAF 60-70% T2 YERGon,
G7)Fae 7HE ool BAIgle] 40% TS E UEFTH

ETE T 24 49

ZEdEe] g2 F de T2 Gallic acide}t v|ws)
o] YERE gallic acid equivalent (GAE)Z HAI3FATH. 1L
F QAAFAE 260.767-1292.041 mg GAE/L, A58
268.879-1895.095 mg GAFE/L, B7]522+= 350.306-1856.760 mg
GAE/LS. 2 YERST Table 8ol YERAAT 719 2@ =
TEoAs W QAA|F2E] Ae 7HE, HI7HE Aol
Z}z} 260.767-1292.041 mg GAE/L, 561.774-744.223 mg GAE/
Lo WHE YERNAAL, Al ae 71, BI7bE AlFe] 2t
7} 268.879-1005.782 mg GAFE/L, 321.146-1895.095 mg GAE/L
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HAE Ytk 271529 A= 7HE, vivkE AlE
o] z}z} 350.306-1101.287 mg GAE/L, 629.479-1856.760 mg
GAE/L ¥ $1S Yehl o Table 8ol YeRAAT. o3
AF2e 7Hd, v7tgAFel 722 H+ 604510,
619.912 mg GAE/LE 2 Z}o]E Ho|x] g¥gton AMadd
TFEANM = 7R 7 glo] HeF F=Fo] 785, 755 mg
GAE/LE Yeht & A8 fAE 2345 BTy, H
7td A Aol [ el 1042311 mg GAE/L
o2 7P =4 VebAL, 71 A Akl BlE)] of
150 =2 S YERlSITh @752 B B7kE A
Fo] W+t FFol 7HE A AFol wla oF 1.54] =2
S depdTh Gx e A7 kst Eade #
3 Aol olstd Xt Sl wel ZydE

i

jul

¢

el frolHow FrhekAR, AlHE 150°C Aol
odle] gashe %S BT BIHATY, A4
43 Az el ol <lsh d A ofiel] whet
B FF) Aol Y Ao welh

2O ©F 2N At

7t A odftel mE 774§ Table 9, 1000
ERA T mE2d S 0.286-7.028 mg/100 mLe] 9ol 1}
ERtal et stk BI7EE A 2752004 4.281 mg/

Table 8. Comparison of polyphenol contents in apple, orange and strawberry juices

Samples Heat treatment No. of samples Range (mg GAE/L) meantSD (mg GAE/L)
. (0] 22 268.878-1005.782 601.707+245.187
Apple juice
X 4 321.146-1895.094 1042.311+£648.028
(0] 19 260.766-1292.040 604.510+245.593
Orange juice
X 561.774-744.223 619.912+77.634
(0) 350.306-1101.287 654.088+310.225
Strawberry juice
X 7 629.479-1856.759 988.088+426.670

Table 9. Comparison of minerals in apple, orange and strawberry juices analyzed by ICP-OES

Heat No. of mean+SD (range) (mg/100 mL)
Samples
treatment samples Mg P Fe

o ”» 1.547+0.535 5.734+2.026 0.316+0.553
Apple (0.286-2.372) (0.334-9.258) (0.018-2.634)
juice < 4 1.104+0.085 7.533£1.660 0.033+0.013
(0.099-0.449) (5.252-8.934) (0.018-0.044)
o 19 4.125+1.541 10.812+3.761 0.254+0.352
Orange (0.506-7.028) (0.486-16.185) (0.015-1.344)
Juice < s 4.146+1.025 13.627+2.341 0.070+0.055
(2.682-5.231) (11.161-17.496) (0.024-0.148)
o ; 2.118+1.594 5.422+3.323 0.179+0.175
Strawberry (1.060-5.455) (2.180-10.903) (0.031-0.527)
juice < ; 4.281+1.180 16.085+2.672 0.400+0.365

(2.561-5.345)

(11.613-20.289)

(0.105-1.025)
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Table 10. Comparison of minerals in apple, orange and strawberry juices analyzed by ICP-MS

meantSD (range) (ng/100 mL)

Cu

Zn

14.743+11.364
(0.282-52.265)

20.105+6.490
(12.947-25.961)

59.774+65.458
(8.691-304.698)

117.897+147.118
(18.300-329.611)

22.875+£11.392
(3.928-59.986)

21.191+1.914
(18.184-22.815)

77.984+83.498
(10.819-380.929)

83.878+84.120
(16.761-212.567)

Heat No. of
Samples
treatment samples Se
0.047+0.023
Apple © 2 (0.005-0.119)
juice
J % 4 0.026+0.010
(ND-0.038)
0.101+0.061
Orange © 19 (0.048-0.328)
juice X 5 0.088+0.044
(0.050-0.165)
0 7 0.068+0.035
Strawberry (0.036-0.133)
juice
] % 7 0.092+0.024

(0.057-0.120)

8.183+7.139 149.3444200.943
(2.938-23.635) (45.383-601.409)
21.087+5.733 100.337+40.681

(14.400-30.043)

(49.218-150.254)

Table 11. Comparison of minerals contents in a serving size (200 mL) and RDI

Average contents

Average contents

Samples Heat (mg/200 mL)(% of RDI) (ug/200 mL)(% of RDI)"
treatment
Mg P Fe Se Cu Zn
o 3.094 11.468 0.632 0.047 14.743 59.774
Apple (0.1) (1.6) (6.3) 0.1) (1.7) (0.6)
Juice < 2.208 15.066 0.066 0.026 20.105 117.897
(0.6) (2.2) 0.7) (0.0) 2.4) (1.2)
o 8.250 21.624 0.508 0.101 22.875 77.984
Orange (2.3) (3.1 5.1 0.2) 2.7 0.8)
Juice X 8.292 27.254 0.140 0.088 21.191 83.878
(2.3) (3.9) (1.4) 0.1) (2.5) (0.8)
o 4236 10.844 0.358 0.068 8.183 149.344
Strawberry (1.2) (1.5) (3.6) 0.1) (1.0) (1.5)
Juice < 8.562 32.170 0.800 0.092 21.087 100.337
(2.4) (4.6) (8.0 0.2) (2.5) (1.0

YRDI: recommended daily intake.

100 mL, H]7HE 28] Q#:AA|F2004 4,146 mg/100 mL <=
° 2 Yehgth ¢S 0.334-20.289 mg/100 mLe] S B
Row v7td g D7|F200A 16.085 mg/100 mL, H]
7t A7 QAR F20A 13.627 mg/100 mL =02 Ht
ShaFS yebith Z& 0.016-2.634 mg/100 mLe] W=
BRI Fet e v7kE A2 27152004 0.400 mg/
100 mL, 7} x2] AbE2=oA 0.316 mg/100 mL =02
etk AEe] s SIS 0.000-0.328 pug/100 mLL
2 UERy Fd FEe 78 Ay QLuAF oA
0.101 pg, RFI7+E ] B7]F20A 0.092 pg/100 mL <=
° 2 Yebgth e 0.283-59.986 ug/100 mLe] o3
A& UERAAL, 7Y AE QAAFA, w7k Ae eEl
A F 20 A ZbzE 22,875 pg/100 mL, 21.191 pg/100 mL<]
Hat S B} o}de 8.691-601.410 ugel Bl E 4
< HM9E e, 71 A 97152004 149.344 pgy/

100 mL, HI7FE A 2] Abz=2eA 117.897 pg/100 mL2
Bt FEFE e 718 A LAAF2o M= A,
T Hat FgFol 7H =4 YEhged, virtd 2]
FoAE viadlg, o, He] Hd ol 7B E=A G
P, 7FE A @r)F20)A ofde] Wit Fge] 7t

3 A Uebgeh

FIEE AL oAt AEA ] 7 RS
F L9 9L I pH 2HE T3 AT 4TS 9
A ogE 7 mad] 4 ARes AR Vse #4
she 5 The APe sl 5 A9 d¥sol vE
7] w ol mEkel ARt wEA] A el 43 7F Qe
o, 2 3 (200 mLyE vHd o, 43 Thed 7714
o Hat el A W V1E ddAgHATE o

R ot
o
il
o
=y
v

Z2AZ 4 A=A Table 119 VJERIATH e 99A
AAAZEL] A 50% ol Fo] /e, 9t of



o AAAFRAL] HAu 10% o4 FFe] APk
AR AFS) EAZ)E e GR] Gl 200mL
F Wit 20 g2 UERIUT, WHOOIN 943 3% 3
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