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. . +
Yun Sook Jeong, Sang Hoon Lee, Jin Song, Kyung-A Hwang, Geon Min Noh and 'In Guk Hwang
Dept. of Agrofood Resources, National Academy of Agricultural Science, Rural Development Administration, Wanju 565-851, Korea

Abstract

This study aimed to investigate the concentration of vitamin C in Momordica charantia (MC) by cultivar, harvest time,
and maturity. The methods for determining vitamin C levels were validated by measuring their linearity, specificity, limit
of detection (LOD), limit of quantification (LOQ), precision, and accuracy using HPLC. Results showed high linearity in
the calibration curve, with a coefficient of correlation (R?) of 0.9994. The LOD and LOQ values for vitamin C were 0.05
and 0.16 pg/mL, respectively. The relative standard deviations (RSDs) for intra- and inter-day precision of vitamin C
measurements were 2.34 and 1.34%, respectively. Depending on cultivar, the concentration of vitamin C in MC varied from
20.75~107.31 mg/100 g, fresh weight, with an average level 68.85+25.57 mg/100 g, FW. When MC was analyzed by harvest
time, the 20150612 MC showed the highest amount of vitamin C (113.20£1.89 mg/100 g, FW). On the other hand, the
highest vitamin C content by maturity was 48.59+0.87 mg/100 g, FW (15 day old MC). This information on the comparative
vitamin C levels of MC might be useful to food scientists and should be explored for functional food development.
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M E th(Park 5 2007).

SAF(Momordica charantiay= Bri}o] &3)= 3hef4lo] J

Vitamin C= Q1A WellA S &4, 27 & 7, o] 24 E2A FEEYY 9FY 2 42 7 e, AA|
2 F FX, S A, WY Vs Y T B AESH Aoz FES & 2oFo =gl E717F €Sl gl
w3l ZrofstRIg, Aol F/dat Aol HA| ¢7] wZ £ W=thPark 5 2015). =] Gl ofw|=Al, F714, vl
of BEA AFO2 MFSof he B 8 vElolTh  ul B Aojg) ERen, - AR 2L uiterpenoids
(Lee YE 2005; Kim & Choi 2006). THHEZ] Q] vitamin C G- 4] polypeptides, saponins, alkaloids, flavonoids, phenolic acids,
Eo7 7], XA, Fi1F So] &HA J&=d], o]l= ZF 4] carotenoids 522 L&A JQtHKim 5 2013; Moon & Choi

£ 100 g F vitamin C2] §FaFo] 56~71 mg, 43 mg, 72 mgO. &2 2014; Ahn £ 2015). o|2]3t SPAE L 7|Hto 2 oFE= 3
B = QTHRDA 2011). o529 vitamin C 2 100 g F & Abeh &, e a1 BpdlE Bolas A S48 2 &
o] 77.3 mg, 717} 2.5 mg, Euli= v|Ad&5T7} 92.2 mg, A< B5 &4, I 9 F IS a1, FE2HE A Y oS
T= 8471 mgl 2 BUEGEY), £7]8 A3 mE BE 3k g o] BE 9] o w(Bea SI 2002; Jeong 5 2008, Boo
o] thEA QI vitamin CO] FYAZHT} L2 232 et = 2009; Kim MW 2013; Nam & Kim 2015), o Q2|24
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O 2 AHAE| B0l FTHe] wEt Syt M= A
g AF AE A 9e SHCE AF7F AuE o] niE,
BikE Wi, A SolA Ay Ak gholu Ak= 7
Fsto] Bl 9ithlee 5 2012; Lee 5 2015).

ay oAFE o AZHESE A2 AR SR A
&, 7154 Aam AEale d=vAor  FEotAotet &
2l fEuete 2 SR Ao 7] HZol =
uretellA] A= AL Gl of ol thgt A+ A=t mw)gt A
Ao|thPark 5 2007). £3] FJYXF ¢! vitamin C] &,
A AR HE, <718, 2] 7]of] g vitamin C &=
HAste] gt A7 FESie wEhA 2 dtollA = vitamin
C B4Y d5 e S8 2424%Y =& gHsta,
FUAE AT AuiA G, A7, 5718 hE o5
of vitamin C FHE ¥E BASte] AALNH ) G
AZL A A7 N2ARE ANSIA Gk

M= Y e

1. MHE & Al

2 Aol A ARERE o= A= 20712 A FoflA 2015
8] FABALL, =AI7IE B %7]'E vitamin C Z40f| A
§3 olFE FAEE PN Tt AR A
oh ojRE THEE 24 QHTY|2 Ao 5AAZ T 24
3 ohg -70C 9 YEaol BBshaA vitamin C 548 A]
=22 ARSI Vitamin C, tris-2-carboxyethylphosphine(TCEP),
meta-phosporic acid, ethylenediaminetetraacetic acid disodiumsalt
(EDTA), 2-octanol trifluoroacetic acid(TFA) EFE-2 Sigma-
Aldrich(St. Lousis, MO, USA)ol A #3931, 1 vFe] Aok
2 analytical @ HPLC 552 ARE3sH4 T

2. FE=29 A

Vitamin C &2 574 AZ% A& 0.20£0.01 g& 50 mL
centrifuge tubeo] o} 100 mM EDTA2} 5 mM TCEP7} 3%+
& 5% MPA 88 40 mLE 7}3}aL, 2,000 rpmo]| 4] homogenizer
(Polytron RT 2500 E, Kinematica AG, Luzern, Switzerland)=
122 #2A3AFoh 53 ok 3,000 rpmof A 1027
A1 28] (Union 55R, Hanil Science industrial Co., Inchen, Korea)
sto] A5dS 2HF 50 mL2 A&ttt FE5E2 02 uim
syringe filter2 J¥}ste] A& A2 ARSI

3. Vitamin C 24

Vitamin C 82 HPLC(Waters 2695, Milford, MA, USA)
Z 24319t Column© 2 Mightysil RP-18 GP column(4.6x
250 mm, 5 pm, Kanto chemical, Tokyo, Japan)2 ARE3} L,
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L5 20TE ¢RI o] FAL 0.1% TFAS 0.6 mL/
min £ 2 ZEF03, A& 10 uLE FY3}e] UV detector
= Ahgsto] 254 nmoll A Eajsheick

4. BMY AZ

o179] vitamin C BAS 9ste] Aol dhat W44
(linearity), 73Z3HA|(limit of detection, LOD), % &F3tA|(limit of
quantification, LOQ), %4 Ad(precision) ¥ A (accuracy) S
AZ3tg et R AL vitamin C FF522 0.5, 1, 5, 10, 20,
40 gL 2 BAHOR 34T GOIg 43 whe BAsjol B
F8ol0) 72 WA FES WeE ATHE Dol A
Ao APAXRY) e o835t Flstgiet B4E9] vitamin
Coll tigt A& % Aol 7t A =5 &t Sl
HETA = 3.3%6/5(6: WY WAL, 50 FEATFAY 7]
=71), BREEA = 10x6/s A& o]-&sto] ALbsteh HEA
o sjipe] gATA ARFF iF)E 61T F intra-day
test} inter-day test2 o] AHL AASHETE Intra-day
test= 3} T2 53] WHE =25t A1}l Z, inter-day test= 5Y
St shFof 33 ¥hE SA% Ao 4 EEHAHRSD)E
25te] oSt B E W IR Bd(recovery)
AHE Fote] gelstlaL, vitamin C EE-8%2 05, 1, 2,
4 mgmL FEZ FH|5te] ARESHATE 2H2H) vitamin CO
32 B0l et 2 ¥ HPLC 2418 Fao] g 217}
9] F&=9 HE o] &35ty o] FAof A a2 Al
Arshsiet.

Cspikedsample -

CY() dd

sample

Recovery (%) = x 100

C giked sample © Concentration of test sample added standard
solution
C sampe = Concentration of test sample

C . - Concentration of standard solution

5. SAEN

EAEA-L SPSS £A| 2 T (Statistical Package for the
Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)& ©]-&
shol 7 2ol B BEVAE HBST, A2 1) %
o] 8= one-way ANOVA(analysis of variation)2 EA4]35F F
Duncan’s multiple rage testS ©]-835}o] p<0.05 $=Fof| A T2
4= AR

40 W o
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1. BMH 2SS

Vitamin C #2E2< 0.1, 05, 1, 5, 10, 20, 40 ng/mLE 3=
2802 343t & HPLCE B4I3te] H#AlS A4t
Ao AL y=39.676x+8.53850] 8, ATAFR)E
0.9994% Uelyth 24 549 F&o] 7Hed HA 5=
ASTA(LOD)S} o] 7Hed A w=<Ql A=A
(LOQ)= WHE-9| HEHAe}L HeFA 9 71&7] 0 ZATH A
231 Ak, 27} 0.05 pg/mL D 0.16 pg/mLE VERGTH Table
D). £4%] 7He] 92 A g wdsr] g Fd/d-2 intra-day
test@} inter-day testS A|3Ysle] AN EEZHAS A&t L
ER{th Intra-day test@} Inter-day test 232 A EEHX =
247k 2.34% 2 1.34%2 5% ©]5t] 943 HIUAdE Ve
$Ath(Table 2). -2 3|85 S5k FISHIT Vitamin
COl 3|82 98.66~101.74% HYZ Yehton, Ajuz
Hak= 1.68~3.66% HARE Yeh =2 A4S Yehliddc
(Table 3).

Table 1. Regression equation, limits of detection (LOD)
and limits of quantification (LOQ) of vitamin C (n=4)

Rearession equation Correlation LOD LOQ
e d coefficient(R?)  (ug/ml)  (ug/mL)
y=39.676x+8.5385 0.9994 0.05 0.16

Table 2. Intra- and inter-day precision for vitamin C

analysis
Vitamin C
Parameters Mean+S.D."” RSD?
(mg/100 g, FW?) (%)
Intra-day test (n=0) 113.194£2.65 2.34
Inter-day test (n=0) 113.63+1.53 1.34

Y MeantS.D. in quintuplicate (n=6).
2 FW: Fresh weight
3 RSD: relative standard deviation.

Table 3. Recoveries of vitamin C for the validation of
analytical methods

Orlgn.lal Splk?d Obser\./ed Recovery RSD"
quantity quantity quantity %) %)
0 o
(mg02 g  (mg)  (mgh2 g

0.50 3.62£0.01  99.17+2.20 2.22

1.00 4.15£0.02 101.74£1.71 1.68

2.00 5.13£0.07 98.9243.62 3.66

4.00 7.13£0.07  98.66+1.82 1.84
Y RSD: relative standard deviation.

3.12£0.07
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2. X|odd 04F9| vitamin C &2k

THollA = I Q= of S 203l gt vitamin C 3k
< B4% Z3= Table 49} Zro] Vel 443}, vitamin
C9o kL 20.75~107.31 mg/100 g, FWe] W92 aek }o]
7} wo| Uyehdon], W7 ek 68.85425.57 mg/100 g, FW
2 Yyeith A9E o9 vitamin C £4 23, =9
et 19] o§Z7} 20.7540.19 mg/100 g, FWE 7} Woba, A
Rt o] U3 29] oF7} 107.3142.94 mg/100 g, FW=E 7F3
=AUt 2%, 712, JE, A, &R 59 XA A
243 BEQFo] 2k, SER 53 22 Aok Aul 240]
A7 Fdof I Frh= Aol AT A FE o
o] 39 vitamin Co] e 2tol= F5, Auid, B &
B3, 42 50 22 Ak 9] Aol = vRE Aa=E

Table 4. Vitamin C contents of various Momordica charantia
cultivars culivated in Korea

Vitamin C

Cultivars Mean+S.D." RSD?
(mg/100 g, FW?) (%)
Gangwon-do Cheorwon 67.72+1.645 242
) Namyangju ~ 63.63+2.64" 4.16

Gyeonggi-do )
Pocheon 103.23+£3.85% 3.73
Chungcheongbuk-do  Cheongju 95.78+2.67 2.79
Cheonanl 20.750.19" 0.89

Chungcheongnam-do bed
Cheonan2 89.44+1.63% 1.82
Jeongeupl 44.7340.68 1.52
Jeongeup? 66.33+1.30" 1.97

Jeollabuk-do ) .
Jeonjul 29.88+0.59 1.97
Jeonju2 41.7142.04 4.90
Damyang 94.70+3.41° 3.60
Gangjin 90.89+2.52" 2.78
Gwangju 78.194+3.99° 5.10
Jeollanam-do Haenam 83.03+3.80% 4.58
Najul 70.26+2.418 343
Naju2 107.3142.94° 2.74
Yeongam 26.08+2.28" 8.75
Hamyang 71.04£1.59" 224

Gyeongsangbuk-do )

Yeongyang 57.92+1.42' 2.46
Gyeongsangnam-do Goseong 74.28+1.40® 1.88
Mean+RSD 68.85+25.27 3.18

D MeantS.D. in quintuplicate (n=3).

D FW: Fresh weight

 RSD: relative standard deviation.

9 Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan’s multiple range test.
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AZFETHKIm & Lee 2001). 33 o A8t Aujggel ot
£ ©13:9] vitamin C §7F Zfolo] T3t A7} S E|ojof &
Aoz A7tE.

3. FEAI7|Y 04F2| vitamin C &2t

S ofF Bibeko] 7HE B2 FAEE FFY A4F=
£8A71E o129 vitamin C T B R L2k}
9] o9 3 A|7|= 5S¢ HWRH 99 SO = oo whet
2t 718 %7] 158719 o]%E Sakate] viamin C
< 843 A= Table 59F Zro] Yrebyit}. Vitamin C] g
O 6Yo] 22315} o] =7} 113.20+1.89 mg/100 g, FW= 713
Wk, 9o 4=8kst o =7} 33.9142.51 mg/100 g, FW= 7}
7} ok} o] 9] vitamin C F5F2 6Y7HA] = vitamin C2)
o] S7HSITL 78R E o) A $Eo2 IS,
8] thAl A% Z7sE} Th sk AL Bl
o, olejet Auhi RS R 258 £330 vitmin C Tl
325.41+2.59 mg/100 mLoj| A 249.36+2.39 mg/100 mLZ &+
A7t ol d4s gadithe dpaseh Vit 4%
HFHthMoon 5 2003). Vitamin C= 23S A|, FF1} A2
Lol whet el W IS Weth S dEAIZte] 4
S5, Y7} £242 vitamin C7F Ao} Fpe] S7he]
=Ubg, S 2= 257 WS 42 ascorbic acid oxidation
o] ZraF o] vitamin C¢] gFo] EA UEbgth(Shewfelt RL
1990, Mozafar A 1994). watA] E Ad oA 5, 6Lof Aujjst
ofz] vitamin C o] F7hs xARH} B L o
gro2 Fako| Z7keo] w2t viamin Co} GAIFo] Z715H
of gepo] Z7he A0 Holn], TUREE YA} B=
7} Z713A 0k, S % T3 AF43lo] ascorbic acid oxidation
o] Z7}o) wah vitamin C2] FHpo] ZHad Ao HAT 4

d

Table 5. Vitamin C contents of Momordica charantia by
harvest time
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olth 2, 790] 431t ol WFRT AGLE oSt &
37k B et Ao A=k 899 4, vitamin C
o garo] % A5ste] Uehtit), AS-LEo] o/ vitamin
CO) Zanrh A=AZH} FE7}h Hnze] ES5te] vitamin
C a4l o Be 9L nA Ao Holul, 9ol B
o] ThA] Zhdsste] vitamin CO| FhFo] i A0 A2HE
o olefd Avbs P o] FL B AT e
27 Aol A &2 urhs S5 7Heol] Aue
228t vitamin Co] Fao] e AT AT ulAT A
& BelthYang 5 2007). )5k A7)0l wret et 4
geEo| gereo] e W Bk ARLEY AR
o159} vitamin C T Zholol) tht A7k Sy ofok &
o2 Atg=Hrc)

4. =798 04F9| vitamin C &H2F

A= FFelA Aujgt o720 7|8 vitamin Co| g
S EAe AaHe Table 634 Zo] Uehfgich %7] 593
o} 10¥21e] A ZH2F 0.68+0.06, 0.53+0.10 mg/100 g, FW=
HSgE 20 ofF W2 ke B AT 7] 15U

o] oJZ0]|A] vitamin C&] o] FZ3}o] 48.59+40.87 mg/100
g FW2 7P =911, 0]3 2023} o321 30,0544.55 mg/100
g, FW, 2592} o]F= 26.2540.23 mg/100 g, FWZ2 X} Zra
stk olefat Auke A ol YA YHEQ ‘ot
o7k g F 15D Fo] 5~10 em A7 E A gFE
vitamin C §o] WA, A3 & 259 Fol 11~15 om A
2 oFol 4 vitamin Co| ko] FASA St} oA
WS F 345 9] 16 cm o402 A3t o504 vitamin
C o] A% AT} Hl%E PFAHS BATHLee 5
2015), E3 SHe)4 o] v&THIY w  vitamin C2]

Table 6. Vitamin C contents of Momordica charantia by
maturity

Vitamin C Vitamin C

Harvest time MeanS.D." RSD? Maturity Mean+S.D." RSD?
(mg/100 g, FW?) (%) (mg/100 g, FW?) (%)

20150529 104.85+2.19% 2.09 5 day 0.68+0.06 8.41
20150612 113.20:£1.89° 1.67 10 day 0.530.10° 18.16
20150702 44.75+1.05° 2.35 15 day 48.59+0.87° 1.79
20150822 71.04+1.59¢ 2.24 20 day 30.05+4.55° 15.15
20150910 33.91+2.51° 7.40 25 day 26.25+0.23° 0.89

Y MeantS.D. in quintuplicate (n=3).

2 FW: Fresh weight

» RSD: relative standard deviation.

¥ Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan’s multiple range test.

Y MeantS.D. in quintuplicate (n=3).

D FW: Fresh weight

» RSD: relative standard deviation.

Y Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan’s multiple range test.
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slaFo] 87.32 mg/100 g, FW, TH1tA1 uf 46.77 mg/100 g,
FW, Z4=3H41 2 ff 30.14 mg/100 g, FW2 434 0] vitamin
C o] Hadhes AT Uehde a7k 4% 2713 54
o] BE2231 7Holo= 1,487.12 mg/100 mL¢] vitamin C2] 3
Fo] A o] Aol uhet 64 2043 7HA] A&H o= FIt
stk 79 %9 1,012.45 mg/100 mL7HA] ZHAste Ardat
o} H]&=3%t FeFS HHHKim & Lee 2002; Hong 5 2006).
Atz o2 ofFL ZAA-o] 2EMQ] A ] u| A3t AlE|
2 AHster, 2 A 23 57) 159249 u]d< A
9] 939 vitamin C9| gteFo] 7 ok, %7] 158219 o
7} vitamin C& A& 0 2 g dt=d] 7P FEg A7)
21 e

ox H®

2 <f

2 AT A<= vitamin C B HF3kaL, 4l A
oot Au A7, 718 o159 vitamin C FFS 4]
shgitt. Vitamin C EAW-& HF5H7] Y3l A4, A&
A, e, FEA 9 A4S Felstaar, 1 A3 FA
o] AIAS gh2 0.9994, HETHA= 0.05 ng/ml, ZFst
A= 0.16 ug/mL, FB4 9] JiEEZHA}= intra-day testo] A]
= 2.34 %, inter-day testo| A= 1.34%0]3L, FEAQ F¢
€L 9.66~101.74%= 95% ©]A2] £ 34+8S Bk o
F= A9ER vitamin CE £43F 23} 20.75~107.31 mg/100
g, FW= 35§ 2Jo]7} w9kom, Bt T2 68.85+25.27 my/
100 g, FWE UElsth Hd &S 7|80 8 FE3I9S 1,
AGEE AGoA et o F= FHEot B2 FFS B
P, HEpde X GolA Aufgt = FeE AQstr =
T Bt 52 @S 2k EA7E o329 vitamin
Co] ke Au 27] 6D7}HA] vitamin C2] 3FFo] 113.20+1.89
mg/100 g, FWE Z7Fsteh7t FA; ZHadhe A3 Eqich
E3F £7]9 vitamin C2) k2 A& 27]= vitamin C2)
ko] 0.53~0.68 mg/100 g, FW=R W2 $2Z20]|QA|qt 47
154 2}ol| A vitamin C2] o] 48.59+0.87 mg/100 g, FW
7HA] F7Veklek7h AA; daste As gRlskgth o)A |
o329 vitamin C T2 A GH 5370 what, Zul A7)
9, &7de| uet F=F Zol7t el on, 754 AEdE
o] W} 5 A9 72ARE E8o] 7T ASRE V]
gk

ZHA| =

B oIl =220534 ZEATLAYPI01000304)2] 2|
of o3 o]Foixl A4
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