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Amount of Vitamin C of Fresh, Frozen and Cooked Vegetables
—Comparison of the Values Determined by DNP Colorimetric Method and HPLC —

Kazuko OBA, Atsuko YAMAMOTO, Michie MORIYAMA *

Abstract

Two different methods were used to clarify whether total measured vitamin C(ascorbic acid plus dehydro-
ascorbic acid)content of fresh, frozen and cooked vegetables from commercial sources depends
on the method used. Total vitamin C content in frozen and cooked vegetables measured by
HPLC was only 47.5% of that measured by the colorimetric method. Such an overestimation of
vitamin C of prepared vegetables by the colorimetric method was due to the color development
from other compounds such as 2,3 - diketogulonic acid, seasonings, sugar and starch. Total vita-
min C content in cooked vegetables from commercial sources measured by HPLC should be one
third to one fifth of that in fresh vegetables.
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HEORHE 20 $7o, BEOXF»S 5 ~10g xR L THAEIL, 5% 4% VB
W5 ~50ml & & b1, RETL F— R AREAER, 18,000rpm) T, 30~60F5 [ L,
L EE(4°C, 12,000mpm) £, LiE A VCEERFE L L.

DNPIL Y Tld, #VC, DHAE Z HI7E L, AsARIIHVCED SDHAR ZE L5 [\ TKD,
HLAE100g24 72 ) Omg TR L7z, HPLC(#%)ﬂwTVCE%(ﬁﬂmLt W&, WEHERM L e
Waters Associates SEP-PAK CI8(Z#iL7:%, 0.22nm®D 7 4 )V ¥ — % i LT, HPLCHHH#
B E L7, AsSAD A E=m T A4, HPLCEETY (417 4 TSK-GEL ODS -80T™ 4.6
mmX25mm, @ N T FLT I v EELIOmMY Y EEL ) T LG SR, VR 0. 7ml/min,
M 265nm) BV 72, K5 5 4 TIlEAsA, DHA, 2,3-V 4 | 7@‘/?3’5‘2#6}%(12?*‘3
%, 265nm THIHI T 272 %, DHASBBER D TE Lh > 72, AsAEDHAZ [0 5lE &9
BEAIE, ZESOFEEETAER L7-HPLCHE: I (7 7 4 Shim - pack  SCR - 102H 8 mm
X 300mm, (mLJx 40°C, AR . 2 mMIBIE FEE, ViE ¢ 1.0ml/mun, FUGHEL © 50mMK F AL
FEF N YL EL100mMAKERL S b)Y AR, vt 0. 5ml/min, f/"J(ELJRSOOnm) *EJU
Wrs, ZOHEE, BT LTS NIZASAL DHADTED T IV 4 ) G4 F TRFELF 7 H
N Lk EORITHIA AT A &, 300nmi Mk@illw‘& TROREIZZ LT 5, FHIZDHA
DELVINEE RSB H, ZEAFHLTHELZ —FICRETA250TH 5. AsA(ﬁUL{{
BT HH)  DHA (Aldrichth ) O FEAEE (0. 5mg/100ml ) %fﬁm T, A= Jiifinrs I
SOEAEH L. ASARIZHPLCE I THllE L Td, HPLCIED THlE L TH 5 L Wl s 5
72 (Table 1).

Table 1 Ascorbic acid content of cooked vegetables measured by HPLC methods

HPLC method I HPLC method I
Samples
AsA AsSA

mg/100g fr wt mg/100g fr wt
Onion (fresh) 6.20£0.4 6.4 0.7
Potato (fresh) 26.5 £0.6 26.9 £0.5
Snow peas (frozen) 30.0 +£2.9 31.0 £0.4
Carrot root{(frozen) 2.98+0.01 2.95+0. 14
Cooked green beans pods 2.54x0.17 2.39%0.07
Lotus root 1n Tosam 0 0
Baked sweet potatoes{Daigakuimo) 15.0 £0.6 15.6 1.2
Cooked taro 0 0

Potato 1n Nikujaga 7.5 £0.8 8.4 +0.3
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Table 2 Vitamin C contents of fresh vegetables

Yoy, Lraryo@RveEidl0gh7: 1) 5S0mghlh 1 & £

Standard Tables DNP method HPLC method II
Samples Total VC(Fresh) Tatal VC AsA DHA Tatal VC AsA DHA
mg/100g fr wt mg/100g fr.wt mg/100g fr.wt.

Spinach leaves 65 69.5+ 6.6 67.6% 6.3 1.9£0.3 54.8+4.1  52.0£3.9 2.8%+0.2
(100.0) (107.0) (104.0) (82.0) (80.0)

Broccol buds 160 143.3+11.0 136.4+10.8 6.9%0.2 9.4+9.0  93.6£8.8 2.8+0.3
(100.0) (90.0) (85.3) (60.0) (58.5)

Snow pea pods 55 79.1+ 5.7 754+ 5.2 3.7+0.5 63.7£3.5  60.6£3.3 3.1+0.2
(100.0) (144.0) (137.1) (116.0) (110.2)

Green bean pods 9 6.5+ 1.6 5.6f 1.6 0.9%0.1 6.1£0.7 5.4%20.6 0.7£0.1
(100.0) (72.0) (62.2) (68.0) (60.0)

Pumpkin fruits 39 3.8+ 0.6 27.8f 0.5 4.0%0.4 28.8%£0.3.  25.4+0.2 3.4%0.5
(100.0) (81.5) (71.3) (73.8) (65.1)

Onion bulbs 7 6.7 1.1 6.4+ 0.7 0.3£0.4 7.1£0.4 6.4£0.4 0.7+0.04
(100.0) (91.0) (91.4) (101.0) (91.4)

Potato tubers 23 29.7£ 1.05 27.8+ 1.0 1.9%0.08 20.4£5.5  26.9£5.1 2.5%+0.5
(100.0) (129.0) (120.9) (125.0) (117.0)

Sweet potato roots 30 25.5+ 0.9 24.0£ 0.7 1.5%0.2 17.2+0.9  15.6%0.8 1.6+0.1
(100.0) (85.0) (80.0) (57.0) (52.0)

Lotus roots 55 55.9+ 9.5 53.8+ 8.9 2.1£0.6 51.0£2.4  43.8+2.1 7.2+0.3
{100.0) (91.0) (97.8) (83.0) (79.6)

Carrot roots 6 4.5 0.2 3.2+ 0 1.3%0.2 3.9x0.1 3.2+0.1 0.7£0.02
(100.0) (75.0) (53.3) (65.0) (53.3)

(mean) (100.0) (96.6) (90.3) (83.1) (76.7)

Each data value 1s the mean +SD (n=4)
Each data value in parentheses 1s relative % to the value shown in the Standard Tables of Food Composition

in Japan( 4 th revised edition)as 100.
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Table 3 Vitamin C contents of frozen vegetables
Standard Tables DNP method HPLC method |
Samples
Total VC(Fresh) Total VC AsA DHA AsA
mg/100g fr wt mg/100g fr.wt. mg/100g fr wt.
Spinach leaves 65 36.5 £ 2.8 33.0 £ 2.5 3.54+0.36 25.9 +£4.9
(100.0) (56.0) (50.7) (39.9)
Broccoli buds 160 84.9 + 4.7 75.6 + 4.5 9.38+0.29 53.9 £0.8
(100.0) (53.0) (47.2) (33.7)
Snow pea pods 55 49.4 + 4.1 4.0 £ 3.5 5.40+0.57 33.8 £2.3
(100.0) (90.0) (80.1) (61.5)
Green bean pods 9 5.45+ 0.60 71+ 0.47 0.76£0.11 3.42+0.06
(100.0) (61.0) (52.3) (38.0)
Broad bean 15 17.8 + 1.5 15.03£ 0 2.81£0.05 14.9 £0.3
(100.0) (119.0) (100.2) (99.6)
Green soybeans 30 27.7 £ 0.3 25.3 £ 0.3 2.47+0.51 18.4 +1.2
with pods (100.0) (92.0) (84.2) (61.5)
Green soybeans 30 10.7 £ 1.1 9.03+ 0.91 1.7140.20 6.25+0.48
(100.0) (36.0) (30.1) (20.8)
*Green peas 24 25,1 £ 1.1 23.6 £ 1.0 1.56+0.15 16.9 £0
(100.0) (105.0) (98.3) (70.4)
Green peas 24 33.5 £ 7.9 31.3 £ 7.7 2.22+0.24 30.5 £3.9
(100.0) (139.0) (130.2) (127.1)
*Corn 10 4.07% 0.4 2.90% 0.32 1.17+0.17 2.64+0.21
(100.0) (41.0) (29.0) (26.4)
Corn 10 5.70% 0.41 4.14% 0.27 1.57+0.21 2.64+0.21
(100.0) (57.0) (41.4) (26.4)
Pumpkin fruits 39 26.3 £ 1.8 15.4 £ 0.9 10.9+0.8 11.7 £0.6
(100.0) (68.0) (39.6) (30. 1)
Fried potato 23 7+ 0.1 12.2 £ 0.1 0.51%+0.15 8.314+0.27
(100.0) (55.0) (53.0) (36.1)
Baked sweet potato 30 41.4 £ 0.8 37.6 £ 0.6 3.78%0.17 30.2 £1.9
(100.0) (138.0) (125.3) (100.6)
Cut taro 5 4.55+ 0.82 3.27% 0.76 1.29+0.07 2.41%0
(100.0) (91.0) (65.5) (48.2)
Cut lotus root 55 63.3 +£11.0 55.5 =10.5 7.79£0.56 23.4%1.6
(100.0) (115.0) (100.8) (42.6)
*Carrot roots 6 5.64+ 0.21 3.37+ 0.13 2.27+0.32 2.98+0.3]
(100.0) (94.0) (56.2) {49.7)
Carrot roots 6 6.26%+ 0.19 4,12+ 0.12 1.99+0.14 2.98+0.01
(100.0) (104.00 (68.7) (49.7)
Cut burdock 4 0.40% 0.09 0.40+ 0.09 0 0.29+0.05
(100.0) {10.0) (10.1 (7.3)
(mean) (100.0) (80.2) (66.5) {51.0)

Each data value 15 the mean®SD(n=4)

Each data value m parentheses 15 relave % to the value shown in the Standard Tables of Food Composition

in Japan (4th revised edition)as 100.

*Vegetables 1n Mixvegetables
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Table 4 Vitamin C contents of cooked vegetables

DNP method HPLC method I
Samples
Total VC AsA DHA AsA
mg/100g fr.wt. mg/100g fr.wt.
Sauteed spinach leaves 19.4 £5.1 8.63+3.54 10.8 £1.6 9.1 £1.5
(30.0) (13.3) (14.0)
Boiled spmach leaves 15.6 £0.7 11.0 £0.58 4.7 £0.1 7.4 £0.4
(24.0) (16.9) (11.3)
Cooked green bean pods 7.77+0.28 4,18+0.19 3.60£0.11 2.541+0.17
(86.0) (46.4) (28.2)
Boiled green bean pods 13.6 £0.4 4.13+0.16 9.47+0.37 3.46+0.14
(151.0) (45.8) (38.4)
Salty boiled snow peas 0 0 0 0
Cooked pumpkin fruits 27.3 £3.8 19.0£3.6 8.35%0.45 16.5 +5.3
(70.0) (48.7) (42.3)
Onion in Nikujaga B 11.0 £0.2 1.21+0 9.82+0.20 0.40+0.01
(157.0) (24.4) (5.7)
Potato in Nikujaga A 10.2 £0.5 2.10£0.14 8.14£0.43 1.2640.14
(44.0) 9.1) (5.5)
Potato in Nikujaga B 18.4 £2.8 8.1 £3.3 10.3 £0.6 7.5 £0.8
(80.0) (35.2) (32.6)
Fried potatoes 5.41£0.16 2.00£0.09 3.41%0.14 1.58x0.16
(24.0) (8.7) (6.9)
Baked sweet potatoes 26.6 £0.9 17.9 £0.5 8.67+0.75 15.0£0.6
(Daigakuimo) (89.0) (59.7) (52.0)
Cooked taro A 6.03£0.68 0.60£0. 34 5.43%0.35 0.25+0.05
(120.0) (12.0) (5.0)
Cooked taro B 3.30%0.38 0.24£0.22 3.09=£0.61 0
(66.0) (4.8)
Lotus root 1n Tosani 2.80%0.19 0.57+0.08 2.23%0.11 0.0440.02
(5.1) (1.0) 0.1)
Kinpira lotus roots 5.48%0.57 0.66%0.18 4.81+0.41 0.1010.01
(10.0) (1.2) (0.2)
Sauteed carrot roots 7.7410.49 3.2840.38 4.64+0.45 2.60+0.22
(129.0) (54.7) (43.3)
Kinpira burdocks 5.74£0.38 0.18£0.31 5.58+0.67 0.35%0.03
(143.0) (5.4) (8.8)
(mean) (76.7) (23.3) (17.4)

Each data value is the mean+SD (n=4)

Each data value in parentheses is relative % to the value shown in the Standard Tables of Food Composition
in Japan (4th revised edition) as 100

A and B: Cooked vegetables were purchased from stores A and B, respectively
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filil351% Td 1), DNPILEEETIHEIE LZASAR L ) TRTORBTHR» 72, VI A, 7Y
Y=, O— 2 DAsAEIIHPLCH: I THDNPILBETO AL O Lo /2hy, LryasD X
JUZHPLCHE I Tl L 72 AsA®= ADNPH i THON/ED4R2% LR b Db H ), FIyT
z) EHPLCHE I TS 5 M7-AsAR X, DNPILEETHONIAEDTTI%IZHE T > 72,
3. BEOEAICE
ATHRAZ3E165, DOVCE # Table 4 (277 L7z, DNPHLfaiETHlE L 72 VCEIX, 7RF ¥ DA
W=, 7\%¢~%:~T20mg/100gu FHoHH, WLy, 774 KRN, BERY, Lryart
Ve, Lryary&¥, &FTRTTE6mg/100ghl FE&h o7z, F72, BVCED, HiiK
FEMBLNVELTRLIDIRL 5, 30U TOLDIE4mb-7:. DNPktL(%’C?—%%thFJ/?@
BNVCE DSBS FEMIINT A2EESDOFHIET6. 7% THh - 727, AsAw D57 FAE I
T HEEDTHE23.3% L KD > 7. DNPLHDEE TR O ML 72AEVCH I 0 5 AsAD E { ,0)—?
Y1230, 7% T, DHAZDS & 554 OFIEIZ69.3% & &h > 72, HPLCHE I TH 5 N 7zAsA
BEORSESFEEICH T AEEDOFHEEL, DTPIT.4% TH-o7:. tRETEDHMTEZIT-
TGS, IEDOASATE L RN FE L OMICH B (P<0.01) HYEE POLNz(Figl).

Frozen vegetabl
(n=19)

Cooked
vegetables (n=1

L//

40 60 80 100
%
Fig.1 Summary of the mean value of % of AsA n fresh, frozen and cooked vegetables to the
VC values shown in the standard tables of Food Composition mn Japan(4 th revised edi-
tion)as 100. n:sample numbers

4. DNPHBREHPLCETRIESNEZEZ I CEDLR

Table 2 128N 5 X910, HEHEDI LYY AFE, YrH 1 EOHRVCEIZEL L DYk
THELTOEDLL o7z, FRUSNOEHETIE, HPLCE T TllE LfJ“Vng?b‘DNPltfﬁ
W L2 & DA < 2 o 72, DNPIHCEEE THlSE L 728 VCE O MUAT H A an i or 28 12X
T L EEDOTEHEIFT% TH - 7. —H, HPLC‘(E’C“?EU%Lf:ﬁ@%‘\\VC?EU)UHﬁIH/i\ﬁuaJSUJ e

Wt B EEOFIEIZ83% TH - 7-.

HPLCH: I Tl L 7= N TSR B 5 05 32 G ol B9 38 2 40, 4238 124h) O #VC (AsA+DHA) & % Ta-
ble 5 1Z/R L7z, HPLC&;H T E L7 VCREODNPILE L THlE L 72 VCE IS T 2880

EIGHIF47.5% & L OKEEYEA, BEM ( £40.9% & % o 7z (Table 5). %72, HPLCELI
TSN )jﬂLpJnlfﬁ(i‘ﬁ}@AsA@ ¥ DHA®E ODNPH G E TS 5745 4 OB T 2 F G0
FHEI270.1% £ 29.9% Tdh - 72. VCE B WIN L EFEE X OVCE % DNPIL i Tilll
F 2L, BVCEIZ 5D ADHADEI G E { o 72, HIZAILHEEY TIIDHAA3. 6% % 59,
Ly ayHEBETIRT.6%% HO7. Lo T, VCEEMRWZESOVCHE ZDNPILE
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THIET S L, DHAL LTERBENLEOEHENEL &L, DHALSA D b DD SHIz L -
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72, HPLC#: I Tl L 7 AsAE ODNPH L THlE L 72 VCE I T 5 E & OF 056
B3 (1940) T63.0%, 423 (174h) T22.7% &2 L {{&%> > 7z (Table 6 ). DNPLLfaik TH#VC
ELTHMESINIAED D b, HBVC(ASA+DHA) LN Db DD 5 5 & DF-¥1k, Table 6 D
ErOHET L E, AP CI.6(100—78.8—11.6) %, #HEFH¥7T36.0%, 183 T60.5% &
%, FEFEFFXETIIDNPETHIESNLIBVCED ) b, EOVCUSNDYE DE45550% %
MR DI EIRAE, 2T, BEDOVCELXDNPREBETHET 55412, TIZDHAE L CE
BEENLERWEZHSPICT 72010, BELOCDBICHVWONLHAKEE, TARARE

Table 5 Vitamin C contents of frozen and cooked vegetables

DNP method HPLC method I
Samples
Total VC AsA DHA Total VC AsA DHA
mg/100g fr.wt. mg/100g fr.wt.
Snow peas pods (frozen) 49.4+4.1 44.0£3.5 5.4 £0.6 31.9+0.4 31.0+0.4 0.9£0.1
(100.0) (10.9) (64.5) (1.9)
Carrot roots (frozen) 6.3%+0.2 4.1+£0.1 2.0 %0.1 3.0+0.1 3.0+0.1 0
(100.0) (31.8) (47.1)
Boiled green bean pods 7.8+0.3 4.2+0.2 3.6 0.1 3.0%0.1 2.4%0.1 0.6%0.1
(Goma ae) A (100.0) (46.3) (38.6) (7.9)
Boiled green bean pods 5.920.5 0.8£0.5 5.1 £0.3 0.8%+0.1 0.1£0.0 0.7£0.1
(Goma ae)B (100.0) (86.4) (13.6) (11.9)
Fried green bean pods 10.2£1.7 2.0£0.7 8.2 £1.0 2.5%1.0 0.9£0.4 1.6+0.7
(Tenpura) A (100.0) (80.4) (24.5) (15.7)
Fried green bean pods 7.3%0.3 2.2+£0.5 5.1 £0.5 2.7£0.2 1.0+0.1 1.740.1
(Tenpura) B (100.0) (69.9) (37.0) (23.3)
Lotus root 1n Tosani 2.8£0.2 0.6£0.1 2.2 £0.1 0 0 0
(100.0) (79.6)
Baked sweet potatoes 26.6%0.9 17.9£0.5 8.7 £0.8 20.6+2.1 15.6x1.2 5.1£0.9
(Daigakuimo) A (100.0) (32.6) (86.4) (19.0)
Baked sweet potatoes 21.9£0.3 6.4x1.0 15.5 £0.8 19.1£0.3 2.020.4 17.12£0.3
(Daigakuimo) B (100.0) (70.8) (87.2) (78.1)
Fried sweet potatoes 36.6%1.0 27.3%0.5 9.4 £0.9 22.0%0.6 19.7+0.3 2.3%£0.4
(Tenpura) (100.0) (25.7) (60.1) (6.3)
Cooked taro 3.3£0.4 0.2£0.2  3.09£0.61 0.16%0 0 0.2+0
(100.0) (93.6) (4.8) (4.8)
Potato 1n Nikujaga(B) 18.4£2.8 8.1+£3.3 10.3 +0.6 13.2%1.2 8.4+0.9 4.8x0.3
(100.0) (60.0) (71.7) (26.1)
Boiled spinach leaves 16.3+4.3 8.5+1.4 7.8 +0.2 9.3%£1.4 6.3t1.4 3.0£0.1
(Goma ae) (100.0) (47.9) (57.1) (18.4)
Cooked pumpkin 26.3+0.4 12.8+£5.6 13.3 +1.5 18.940.9 13.1%0.7 5.8+0.2
(100.0) (50.6) (71.9) (22.1)
(mean) (100.0) (56.2) (47.5) (16.8)

Each data value 1s the mean®SD (n=4)
Each data value in parentheses is relative % to the value of total VC obtained by DNP method as 100
A and B :The same as described in Table 4
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)7 x ) = EOBFEROR ST/ DNPI BRI MIT TR N
5. DNPLEEEATHRIE SN BAVCEICRIFTHRKE, 7T BLURY T/ —IVOZE

L CHWH TV B FHIRE & B R R AEI S L CDNPIL L CTHllE L, DHAR AsATH Y
EIZHE L7 (Fig.2). D% AN AERTIE, BVCEIZHE L T100mI%7210.23mgs % b, 3%
G HE T 120.30mg, 10% L & ) Wi TI21.9mgk 20, Th o2 REL72ZHEE (5%
AN A+ 3 %IHEF10% L & ) WER) Tldd. 32mgB 12k -7, /2, K7/ — VL
L T0.5%DOPA, 5 %DOPAXEINL T, IEfEICEEIAONZro72, MEHZL £H W
NEEINHLDTIE, BVCHEENSE ko7, BVCRERDH L, DHAL LTIRE XA
E ST & E o7,

DNPHALET, VCE L TEHENABEIZRIFT Ty 7T A7 0 — A0 #Fig. 312K L
720 1% AT v 7 U MR OBVCELE & H7100m124 72 1 0. 39mg, 2% E 1 TO. 74mg, 5% &
HWTLBmglc Ml B L7z, A7 80— AEW1%, 2%, 5% T, #VCHH £0.18mg, 0.35
mg, 0.56mgllflG L7-DT, TNHLOWEITREIKELT, BB s eaRIn.

Table 6 Mean values of percentage of AsA and DHA obtained by HPLC method I
or II on the basis of total VC content obtained by DNP method as 100.

AsA* DHA**
Fresh vegetables 78.8 11.6
Frozen vegetables 63.0 1.0
Cooked vegetables 22.7 16.8

Each value 1s the mean of % of AsA in 10 fresh vegetables shown m Table 2. i 19 frozen
vegetables shown in Table 3 and in 17 cooked vegetables shown in Table 4.
*%Each value is the mean of % of DHA n 10 fresh vegetables shown i Table 1. and in 2

frozenand and 12 cooked vegetables shown in Table 5

5% Mirin (M)
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M+S
M+SS B
S+88 B

Y
j

M-+S+SS+DOPA[
0 0I5 11 15 2 25 3 35 4 45
Estmated value as VC content (mg/100m})

Fig.2 Effect of seasonings on the values estimated as AsA and DHA contents by the DNP

method.
[]:AsA, [1:DHA
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Fig.3 Effect of starch and sucrose solution on the values estimated as total vitamin C content
by the DNP method.
A starch, W : sucrose
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£ ¥
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FEEHPLCETHIZE L, MUNEETEBON/ELE B L 7.

1. BB ROMEVCEIL, DNPHEFTOHPLCHEL THIE LT k% ¢, TUETH AR K
TREE S =NV hRhol:.

2. MIFABEEE(SHEE 2 &, P3EI2E) ORVCEIL, HPLCET TE 5 7= EADNPIL
BETHEONTMEDOEFLLT(47.5%) & e 72, 72, HPLCE I TE S M- #EFF 3 (19
an) & 3K (1700) DASATED A G K5 FAE 23§ 2 84 OFH1251.0% £ 17.4% & 47 7 -
2o L2hioT, MLABESEOVCELZ TET 425 A IIDNPHAEETIIBRIIES S
DT, AsSALDHAE 2 73 BEE CEAHPLCEI AW CTEET A I LA F L,

3. BREHHET BB 2 HRECHEIZEENLMERT ¥ 72 7 EHDNPH 1 |- 82
T RIFL, VCHBEMHEZEL L.
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