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Research for Selecting The Optimized Vitamin C Analysis Method
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Eung-Ryool Kim, Hoo-Kil Jung, and Ho-Nam Chun
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2,4-Dinitrophenylhydrazine (DNP), indophenol, and HPLC methods, which are generally used to analyze vitamin
C, were evaluated by comparing changes in vitamin C contents in various samples kept at 10 and 20°C. Amount
of total ascorbic acid (TAA) in yoghurt A kept at 10°C, as measured by DNP method, decreased from 26.7 mg/
100 mL for early period to 22.8 mg/100 mL for final period of storage, whereas, on 3rd and 10th storage days,
increased contrary to general results. Using indophenol, TAA measured at 28.6 and 9.5 mg/100 mL, and 30.5 and
14.6 mg/100 mL using HPLC for early and final periods, respectively. With indophenol and HPLC, TAA amount
showed steady tendency to decrease. In conclusion, HPLC is the most suitable method to analyze vitamin C
content, and indophenol method can be also used during early storage stage.
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Fig. 1. Changes of ascorbic acid contents in various samples
using indophenol method during storage at 10°C and 20°C for 10
days.
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Fig. 2. Changes of total ascorbic acid contents in various samples
using HPLC method during storage at 10°C and 20°C for 10
days.
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Table 1. Changes in total ascorbic acid, ascorbic acid, and dehydroascorbic acid contents in various samples using 2,4-

dinitrophenylhydrazine (DNP) method during storage at 10°C or 20°C for 10days

(unit: mg/100 mL)

Storage days
Samples Temp. (°C) Vitamin C
0 1 3 6 8 10
TAAY 30.1% 29.0® 30.4° 28.9% 26.4° 24.5¢
Reference 10 AsAY 30.1 29.1 24.1 26.1 20.1 173
DHA® 0.0 0.0 6.3 2.8 5.5 7.2
TAA 26.7° 21.8% 26.1° 21.6% 20.4° 22.8%
10 AsA 26.7 219 17.8 10.5 7.0 5.8
DHA 0.0 0.0 8.5 11.1 134 17.0
Yoghurt A - b :
TAA 26.7 21.8° 22.7° 15.8° 12.9¢ 11.5°
20 AsA 26.7 21.8 12.2 5.3 2.0 0.1
DHA 0.0 0.0 10.5 10.5 10.9 11.4
TAA 54.9* 48.2% 48.7%* 37.8% 33.1° 41.6°
10 AsA 549 41.6 49.1 - 280 21.6 31.8
DHA 0.0 6.6 0.0 9.8 11.4 9.8
Yoghurt B . .
TAA 54.9° 44.1° 48.9® 34.9" 34.8° 32.3¢
20 AsA 54.9 37.0 48.7 18.1 18.7 22.9
DHA 0.0 7.1 02 16.8 16.2 9.4
TAA 66.0° 56.8" 54,8 56.8 61.2" 47.6°
10 AsA 66.0 50.0 54.8 54.2 50.7 404
DHA 0.0 6.8 0.0 2.6 10.4 72
Orange juice ‘ - - —
TAA 66.0° 53.6° 49.1% 47.8> 53.7% 39.9¢
20 AsA 66.0 449 46.9 42.8 50.7 29.7
DHA 0.0 8.7 22 5.0 3.0 10.1
TAA 643.2¢ 592.2% 590.5° 573.2% 557.2° 611.9°
10 AsA 643.2 592.2 572.0 5732 5572 611.9
DHA 0.0 0.0 18.5 0.0 0.0 0.0
Vitamin C drink - -
TAA 643.2° 607.8® 549 4% 532.8° 537.3° 611.9*
20 AsA 643.2 607.8 5144 532.8 537.3 611.9
DHA 0.0 0.0 35.0 0.0 0.0 0.0

UTAA; total ascorbic acid.
JAsA; ascorbic acid.
9DHA; dehydroascorbic acid.

**Means with different small letter superscript in the same row represented significant difference at p <0.05.
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Fig. 3. Calibration curve of total ascorbic acid by 24-
dinitrophenylhydrazine (DNP) method.

7P 3RS B A% 27ldE 65% ©)4do] DHA B
2 EA 8L 9}‘: Aoz =Tt olet vi|= eyl C
=79 DHA &2 AZU77MA spectrophotometer ol 4]
3 E%k0] blank #3} 2v 0313% HojM A9 gle= Ao

ATk vRgto R AsA e

2 ulEh ¢ =Y=E A
BE AR B3 ashs

%‘
HE
-
3l 4% Bl

9]

Indophenol, HPLC, DNPY Hlm 24

A%717k0] 27V E vitamin C @RS B Ao gt
FolEe PHoR JAH/UL WA DNPHOE £4T A3
= /\kﬁitﬂ BEZEA A9 R 2HE 098 ojAate] =& Abw
BAE wAti(Fg 3). 281 ol ke AmoldE 9

7P ol dAste & dPor= digte] Bol EEFE A
S 1 F QS ol9) BB o] F(19)2 spectropho-
tometerS ©]-&-8fo] FHFA] Uehd F e FFeR AIE U
o &4 OP—LZ} St AEETH 22 F3EE 7= Bl &
A Aol 1 2do] WHEAR 2gsle] BAstaxt s
e zqﬂd FE ¢717F FETAL sl ey DNPH-S
gote] £ =S AFREQ0) A3t vlwE 4t
HAAE B, 2 A9 A= Al EAsls o
Zol vitamin C A SF = ol|A Wl Edg 288
l= wdol 2EId ZoR wutEnt web DNPYHE
gt vitamin CE AHT A A8e] A9 E 49E] F
Aoz FtEth 28] DNPE-S indophenol s HPLC
Hlel WhgA7ke] Aol Zm, AT HasA e
A 2] AREE vitamin C S AF 2t 9 o &
74k Zlog wadAch

HPLC®} indophenolH-g- A B1H WA indophenol-< DNP
o} HPLCt”Oﬂ Hisi A Aol 7hdste] E4A Zq%kif T
e, A eJEA vitamin CE A #Fsh= Wiol7] wlizd
MRle] FAA expt MY F e AAE BWol A 5 9
= eE ddEn

ool Wkl HPLCH-2 indophenolHoll ®]sx]

£

> oi
o mﬁ

2 rE fo 9
_m?L‘OI:o

2t He 4

#H AAE 4E 5 dE ™S 73 o) Indophenol
7 HPLCW & o% 0}04 B4 445 dund, F oy 2

T QFEE A QTE2E B, 283 g%ﬂxl?r@ﬂ*i A 717+
o] T7VrE A} vole AHEge Bk 53] 10°ce] A
AE AZ7F 20°Co] A7E Al 5o ]EH vitamin C 7480]
aﬁ]ﬁ st A4 VR, A7 7de] AdE 5, gl A%
ES4E vitamin C 7480 50y BIF Jain ¥
(209l Axel A1 AdS Btk 8l1 Fig 404 BE

Indophenol methods

7
o 80
= —e— Yoghurt A
E —s— Orange juice
~ 60
5
£
© 40
=4
k]
g 20
=}
S
< 0
¢] 3 6 9 12
Storage days
HPLC methods
80

—e— Yoghurt A
—&— QOrange juice

60 'f\.ﬂ\'_\.\.
40

20

Ascorbic acid content (mg/100 mL)

Storage days

Fig. 4. Comparison of total ascorbic acid and ascorbic acid
contents in orange juice and yoghurt A at 20°C by HPLC and
indophenol methods.

o,
ofN
N
3
ﬁ
é
_811
:_.O
a
=
=N
o 'k
Ln?

Hho TAA z;oﬂd AsA Sk % é@&]nﬂ, HPLCE ] I
R

W TAA 30 SAHEE, A% 27ldde tiiEe] AsAR
Al Well EAstARt H2b A7d717ke] S71e55 DHAS] &

B o
o] Eolx]7| wlFolzbar Bk}, ek indophenolB-& A
A 271, F AFE ol AsA gheke] t)RES xR AHG &
viamin C &HS 4T F e Wge i*ﬂ FH AT

Nk

oM 83 YRS Ag F de YHeR ATEY, A

& @7l AlF el DHA §Fo] Zold42 A TAA &

F R W SgEE e A Sl Rem diHEdy
EHE7IE vitamin C Ws}ERS Aviny A4Age)yo] &

71 vitamin C E¥=19] Wstgo] 71 Alom, 2 thgo=

U}3 X %A (PE/paper/PE/aluminium  foil H 2H2/PE)S A& Q.

A=), a3 2o 7P Dokst HIPSE o]fold @
TEEVF 7P #HAge] =2 Zlog Jeyth gduixoz 3
AEAe BRre 2x7F 2555 SUMke A4S Rt
(22). Mt 2 Qo] AR S =E A1Fe] §7]°] HIPS
T O10°CRERE 2000 A AFAFEHE7E H Z718b] viamin C
o] 3AE HS ol ARl Ao ghdEr) o9 Hdaly
Bissetz Berry(23)oll 3P glass, polyethylene bottle, 28]
wax-coated cardboard 5| ¥4 WYEAF2 €7 viamin
C AEES AP Ao, Aol 78 £ feidl
= %‘i}% AT 7 = AEES B2, polyethylene®

s



wax-coated cardboardel]l BHE FAE AUjEoz
ek w33kl ol#3t vitamin €2l
A MAP(modified atmosphere packaging)®+ &3 3 F(active
packaging) 59 ¥371&(2425% HEske AHIER
Rom, FEFIAE AT YERES AAske Ro
g Aoz HotE,

Q
AEgo

fuA

B W

ofi
ko

al

o oF
R =

B A1s gutroz AME T 9 vitamin C BAHNEQ
2 4-dinitrophenylhydrazine(DNP), indophenol, ~22]2 HPLCH
o] 8-t AlFFRl st AFE ol &t BIEZ(10°C,
20°C)oll W vitamin C TS A7FR) WHo® Hlw HES
nzA 7P oAl EANRES 2ARIATE 100C BEA] &
TE2E A AFANAY vitamin C H3l FAE AT EH, DNP
He 2719 97] TAA §HFol 7h2b 2673 22.8 mg/100 mLE
A=A o, A 3ot 10949 28l Frteke S
Hojom, ¥3t indophenold-2 2719k 7)ol 742} 28.63% 9.5
mg/100 mLE, HPLCH-2 30.59F 14.6 mg/100 mLE 1=

s
©
=

t}. 2]y B 2do|M= indophenot# HPLCHS €438 7+
A FAE Bk webA, 7P o)A vitamin € B4 #
HE HPLCR oW, #17%¢ Z7)9 ke vitamin C &85 =
48 799l indophenoly & ol&std® A= = = 4
HE de F Ue Fo: AlsdT

rot

. Madhuban D, Anilava K. Ascorbic acid supplementation of diet
for reduction of deltamethrin induced stress in freshwater catfish
Clarias gariepinus. Chemosphere 53: 883-888 (2003)

.Jacob RA, Otradovec CL, Russell RM. Vitamin C status and
nutrient interactions in a healthy elderly population. Am. J. Clin.
Nutr. 48: 1436-1442 (1988)

.Kagan VE, Yalowich JC, Day BW, Goldman R, Gantchev TG,
Stoyanovsky DA. Ascorbate is the primary reductant of the phe-
noxyl radical of etoposide in the presence of thiols both in cell
homogenates and in model systems. Biochemistry 33: 9651-9660
(1994)

. Miller DM, Buettenr GR, Aust SD. Transition metals as catalysts
of “Autooxidation” reactions. Free Radical Biol. Med. 8: 95-108
(1990)

5. Aust SD, Morehouse LA, Thomas CE. Role of metals in oxygen
radical reactions. Free Radical Biol. Med. 1: 3-25 (1985)

. Bielski BHJ. Chemistry of ascorbic acid radicals. pp. 81-100. In:
Ascorbic Acid Chemistry, Metabolism, and Uses. Advances in
Chemistry, series Nr. 200. Sieb PA and Tolbert BM (eds). Ameri-
can Chemistry Society, Washington DC, USA (1982)

. Hiroshi 1. Routine high performance liquid chromatographic

13.

14.

20.

21.

22.

23.

24.

25.

=

of #3l A 865

determination of ascorbic acid in foods using methionine for the
pre analysis sample stabilization. Talanta 60: 111-121 (2003)

. Sultan SM, Abdennabi AM, Suliman FE. Flow injection colori-

metric method for the assay of vitamin C in drug formulations
using tris, 1-10-phenanthroline iron(1IT) complex as an oxidant in
sulfuric acid media. Talanta 41: 125-130 (1994)

. Abdelmageed OH, Khashaba PY, Askal HF, Saleh GA, Refaat

IH. Selective spectrophotometric determination of ascorbic acid in
drugs and foods. Talanta 42: 573-579 (1995)

. Safavi A, Fotouhi L. Kinetic spectrophotometric determination of

ascorbic acid by reduction of toluidine blue. Talanta 41: 1225-
1228 (1994)

.KFDA. Korean Food Code. Korea Food and Drug Administra-

tion, Seoul, Korea (2002)

.Kim MR, Kim JH, Wi DS, Na JH, Sok DE. Volatile sulfur com-

pounds, proximate components, minerals, vitamin C content and
sensory characterisitics of the juices of kale and broccoli leaves.
1. Korean Soc. Food Sci. Nutr. 28: 1201-1207 (1999)

Park YJ, Kang MH, Kim JI, Park OJ, Lee MS, Jang HD.
Changes of vitamin C and superoxide dismutase (SOD)-like
activity of persimmon leaf tea by processing method and extrac-
tion condition. Korean J. Food Sci. Techfiol. 27: 281- 285 (1995)
Hwang BH, Cho JH, Ham SS, Kang HY. Chemical aralysis of
pinus leaves. J. Korean Soc. Food Sci. Nuit. 29: 6-9 (2000)

. AOAC. Official Methods of Analysis. 14th ed.; Association of

Official Analytical Chemists Inc., Washington D.C, USA (1984)

.Leo MLN. Food Analysis by HPLC. Marcel Dekker, INC., New

York, USA (1992)

.KFDA. Korean Food Code. Korea Food and Drug Administra-

tion, Seoul, Korea. pp. 837-840 (2004)

. Statistix Inc. Analytical Software Version 4.0, Statistix Inc., St

Paul, MN, USA (1992)

.Lee KH, Kwak IS, Jung DY, Jun DH, Choi JC, Kim HI, Choi

BH, Lee CH, Lee CW. A study on analytical methods of formal-
dehyde and phenol in food packaging. Annu. Rpt. KFDA 41:
141-150 (2000)

Choi YH, Han JS. Vitamin C and mineral contents in perilla
leaves by leaf age and storage conditions. Korean J. Soc. Food
Cookery Sci. 17: 583-588 (2001)

Jain AC, Verma KK. Determination of ascorbic acid in soft
drinks, preserved fruit juices and pharmaceuticals by flow injec-
tion spectrophotometry: Matrix absorbance correction by treat-
ment with sodium hydroxide. Talanta 42: 779-787 (1995)

Kim C. Introduction to Plastic Packaging Technology. Packing
Industry Co., Ltd., Seoul, Korea. pp. 320-323 (2003)

Bissett OW, Berry RE. Ascorbic acid retention in orange juice as
related to container type. J. Food Sci. 40: 178-180 (1975)

Park HW, Kim DM. Freshness extension of table grape ‘Sherdan’
by packaging methods. Korean J. Postharvest Sci. Technol. 6:
260-263 (1999)

Katherine Z, Michael LR, Joost V. The vitamin C content of
orange juice packed in an oxygen scavenger material. Food
Chem. 82: 387-395 (2003)

(2004 129 6 A=m; 20059 69 219 A=)



