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Improved High-Performance Liquid Chromatographic Method for the
Determination of N-vanillyl-n-nonivamide(nonivamide) in Korean Hot Peppers
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Dept. of Food & Beverage Culinary, Kyungdong College of Techno-Information, Geongsang 712-718, Korea

Abstract

We report a novel HPLC method for analyzing the capsaicinoids and nonivamide. The following conditions were used:
a total column and column temperature of 3, a detection wavelength of 280 nm, an eluent containing acetonitrile : 0.5%
formic acid(31:69, v/v). The experimental data was compared with standard nonivamide and capsaicin. The results showed
that nonivamide was eluted in 96.7 minutes with a recovery ratio of 96.5% after adding known nonivamide. In addition,
the detection limit for nonivamide was 18.6 ng. The capsaicinoids from Korean pepper were extracted (after blooming
60th) from 3 breeds cultivated in Korea, Buchon, Chungyang and Hanbando. and crisis it analyzed sympathizes the
nonivamide in the result nonivamide from the Buchon and the Chungyang which are not detected from the Hanbando
0.16~0.24 pg/g it detects with very small amount it contains it confirmed the each capsaicinoid with the HPLC and the
LC-MS. These results are expected contribute to the quality control of various product processes, which includes product
delivery inspection as well as examining the capsaicinoids present in the product for possible medicine manufacture and
various foodstuff, and the nonivamide content, which may be a feed for various manufacturing processes invelving che-

mical synthesis.
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Capsaicinoids= 115-7-2] analogus7} &&i4 gloew 1 &2
AL B Bkig 10~11709] acyl chaind} vanillamide(4-hy-
droxy-3-methoxybenzlamide)7} Z3lsle] o]Fo]x Holr}
et uF=o] £8 Alv|(aEsk)d -2 capsaicin, nordihydrocap-
saicin ¥ dihydrocapsaicin®] 3FF =2 HAl capsaicinoidse]
90% o} kA3t Qe 1 Yol nonivamide, homocap-
saicin(-1,-II), homodihydrocapsaicin(-1,-I1)o] 1] 2k 3H-F% o] ¢l
thFig. 1. Govindarajan 1985, Surh & Lee 1995, Cordell &
Araujo 1993, Govindarajan & Sathyanarayana 1991). Capsai-
cinoids= & utE W& o] SAoln zulgRA AA 2
o] thekgt aelo o] &= glth FEg, FH el capsaici-
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Nonivamide, capsaicinoids, Korean hot pepper, high-performance liquid chromatographic(HPLC) method,

noids7} 71554 222 FES Wa 919 Bacilli, Clostridiae,
Salmonellae, Helicobacterdll T3t gt ZH-8(Cichewicz 1996,
Molina Torres et al 1999, Careaga et al 2003, Graham et al
1999), &atsl Z-2(Rosa et al 2002), &ZFA(Surh Y 2002),
EZ 23} #-8(Szolcsanyi 2004 , Cordell & Araujo 1993) &
o A7} B o) Folx: ek

o] AvlEER) AR B4 o] A3 = colorime-
try/spectrophometry H(Romos 1979, Rymal er al 1984), gasch-
romatography $(Todd et al 1977, Krajewska & Powers 1987),
liquid chromatography H(Iwai & Fujiwara 1979, Hoffman et
al 1983, Chiang GH 1986), Aliquid chromatography-mass
spectrometry H(Reilly & Crouch 2001, Reilly et al 2001, Reilly
et al 2002, Thompson et al 2005), enzyme immunoassay 3
(Perkins et al 2002) So] RiEo] g)

T& AR chromatography'l(HPLC) .2 Alu|(EmR)Ad &
Q1 capsaicinoids& #2433} nordihydrocapsaicin, capsaicin}
dihydrocapsaicin®] 327+ z}7] oh& BEx}ES 71X 3 917
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Fig. 1. Structures of capsaicinoids in Capsicum fruits.

Gl Robrlot RSN

w-Zof] W)w3 E2]3k7|7}t -g-ol3l, nordihydrocapsaicin, no-
nivamide, homocapsaicin-I, homocapsaicin-II, homodihydrocap-
saine-1, homodihydrocapsaicin- [I&= Z}2}e] EA}2ko] 294, 320
53228 Fdshr] wiZol peakrt HAA 227t Brlede
2 o]2}%} capsaicinoids®] 3 &¢k Ha] #41& 317] $I3)A]
= WKEES LC-MS(Liquid Chromatographic-Mass spec-
trometry) £471& AL-8-8f 2tH(Reilly & Crouch 2001, Reilly
et al 2001, Reilly et al 2002, Thompson et al 2005). =] no-
nivamide= 3}8}5HA capsaicing} E2]1 A A EA o= £X)
2] eketia Huslo] $oi(Cordell & Araujo 1993, Romos
PIT 1979). 181} #Z LC-MSEAIH )] 23} habanero, anaheim,
red-chili, green-chili, green bell pepper 5ol nonivamide”} &
ABE Ao 834 ciReilly & Crouch 2001). 22{v} o] &
AL WHEE)S LC-MSE AMHES ZAo2ZA dutde|n
BHH 02 ALg31ed B olzigol Ik Ea HPLCE of
23+ 13=2] nonivamide & ZAbol] AeF AFE AHEF-E 2
Holth. olall B Aol A= capsaicinoids 72 AU F<] no-
nivamide2] -2 W A Bz} b st @ AAi
ﬂ°ﬂ de] BgHo] Sl HPLCE o] &3t %4k mFo 3
B2 71stn AVHKE)R w3 AdAdol = noniva-
rmde*a’ e BAshs o‘jér% Hzx2 sl Eagict

>
o
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T HE<2| Capsaicin} Nonivamide

5 AFY capsaicin(s=% 97% ©]4}, catalog no.21748,
lot no. 1118949)2 Fluka jit(St. Louis, MO) A|Z-& 3¢ sl
ALg-5lg e capsaicin(—’F—E 60%, Capsicum fruit®] F&&,
Lot no. 101K1166) = nonivamide(N-vanillylnonaamide, =%
97%¢°]4d, lot no. 054K2610)+= Sigma jik(St. Louis, MO)2]
AFEE AT S o] ALE-gE ful= HPLCR 55
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DFE #US B2 2 A Aesiel, BE 295

3 1535 A AGsle] grinderol] Y31 50 mLe] methanol-<
718 wlAEtg o ol #A|(Advantec No.2)E 73}t
ZEAFE 20 mL2] methanol 2 7] 228} A| 23] 4ol methanol 150
mLZ % -835}3{ T} methanol F+Z42 4:22](15,000 rpm;
10/min)& %, A5 50 L A HPLCY Z31atsich.

2) 1132| Nonivamide =41

31%2] nonivamide #-4-& th&dt £& AR A}
¢t} HPLCE HITACHI 655A- I 3(HitachiSeisakusho, To-
kyo, Japan)& A3} 2.1 71%7]%= SHIMADU SPD-10 Avp
(Shimadzu Seisakusho, Kyoto, Japan), 7% o732 280 nm2 A4
sttt =3 columne GL Science jit2] Inertsil ODS-3v(5
um, 4.0x250 mm)E AHEStGgon Le]W-e acetonitriles}

0.5% formic acid (31:69,v/v)E AF&3}5 1 F-4-<2 1 mL/min,
column 2% +& 30°C, chart speed= 2.5 mm/min=. 47 8} ch

3) 1132| Nonivamide =X

312-2] nonivamid %72 Finnigan LCQ Advantage MAX
& 9] Liquid Chromatography-Mass spectrometry(LC-MS)(Fin-
nigan, San Jose, CA)o]] 2]&] #4135t t}. ¥2] columne- Inert-
sil ODS-3v(4.5%250 mm, 5.0 um)Z A}-&-3lsict. 5L 0.75
mL/minZ W73t A o], &L £33l ttE B =4
£ A7]e] HPLCH| 2|3} capsaicing] ¥-2]¥ 3} L3 v
< AE3tHem EgF Masse] &2
MS+H)E =331t} 313, Mass spectrometry?] 278 t}
L3} o] AAE YT} Flow source voltage, 5.5kV; source
current, 80 uA; capillary voltage, 27V; tube lens offset, 45V;
multipole RF amplifer, 400(Vp-p); spray voltage, 5.3 kV.

positive ion mode

HPLC el 93} Nonivamide] A7F 229 sfdt 587

4) Nonivamide2| ZXzkH
X A% nonivamide 72}7]94 z708 BEAsn de
Avk. FZF AE nonivamided] 7] ](EEE%[I)/\] ?;}%kﬂ]- ™ &
% 7 A7e] ABAE ARG B 03 F2F
HPLCZ A& 4 = 2k

4
48} nonivamide®] &S AFE3ISITh

1. Nonivamide2| £2|E 2|t 22| = T2} Column
=2l 4%

Capsaicinoids®] U<l nonivamide?] ¥4& ds] ol&
& 24 2o hjolth 1 olfel A WAl 13 9ol )
Zut A3t A, F AR nomvamlde% nordihydrocap-
saicin?} A g BAEHM=294)S 7IA 1L & Relth o] F
7HA] lel of3] dRtdoz go| AMgE= EARL GC
H, HPLC o2& B #40] Brlbesivia g $rh
o}7]A] ¥ A7+ HPLCZ| nonivamide ¥2] EAo] 7F5
BHA| BV} 53R & Table 13} 28 ] 2102 ZALHAE
st A4 columne GAHA Inpertsil ODS-3v-g ARS3la
column £%52 20T, 30T ¥ 40CE AFslsict =3 &2
B2 acetonitrile®} 0.5% formic acid®] E&HoH-g A}2-3}L ace-
tonitrile®] EX & 31~45%7}A ¥M&E F©] nonivamideE %
Avslget. 1 23} Table 13} 2] column®] &% 2 aceton-
itrile == x}olo] ©]& nonivamide®} capsaicino] #2]ES
& 5 Qluk O FelA P g B 208 AES A9
column &%7} 20~30°C2] H9 oA, acetonitrile®} 0.5%
formic acid®] F%=H|(%)7} 31:69(v/v)dl A B2l A7}

Table 1. Effects of acetonitrile/0.5% formic acid ratios of the mobile phase and column temperature on the HPLC

retention times(min) of nonivamide and capsaicin”

Ratio of acetonitrile to 0.5% formic acid

Capsaicinoid 31/69 33/67 35/65 40/60 45/55

20C Nonivamide(NON) 96.33+0.08" 70.88+0.08 53.07+0.00 28.820.15 17.2740.04
cofumn Capsaicin(CAP) 100.28+0.02 73.44+0.08 54.710.01 29.90+0.11 17.27+0.04
30 C Nonivamide(NON) 96.73+0.11 68.4740.04 53.80+0.18 28.7740.01 16.71£0.02
column Capsaicin(CAP) 100.72+0.16 70.94+0.03 55.75+0.01 29.93+0.07 16.73+0.02
40T Nonivamide(NON) 95.15+0.03 69.000.36 51.93+0.03 27.500.18 16.87+0.01
column Capsaicin(CAP) 98.96+0.00 71.50+0.38 53.560.04 27.88+0.17 16.87+0.01

* Conditions: column, Inertsil ODS-3v(5 uM particle size); column length, 4x250 mm; flow rate, 1/min; detector, UV at 280 nm.

® Retention time (min); averagestSD; n=3.
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2. = X|& Nonivamide %! Capsaicin2| HPLC Chro-
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Column &% % 30T, £2]98-& acetonitrile : 0.5% formic
acid(31:69, v/v)& AFE-3le] E5 A|E nonivamide$} capsaicin
(Fluka jit#%), capsaicin(Sigma jit#4)2] HPLC chromatogram-2
£295191 2™ Fig. 204 = Retention time®] 115871X] A&
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3
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Fig. 2. HPLC chromatogram of three commercial capsaicin.
Column;Inertsile ODS-3 (5 um, 4.0%250 mm), Column tempera-
ture, 30°C; mobile phase; acetonitrile : 0.5% formic acid (31:69,
v/v), Detector; UV at 280 nm. Chart speed, 1.25 mm/min, Flow
rate; 1 mlL/min. Peaks: 1, nordihydrocapsaicin; 2, unidentified
compound; 3, nonivamide; 4, capsaicin.

4 Ropro} REIELEE
capsaicinoidsel] thel At A 3l Th Fig. 2004 & 4+ 2
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HAL O E B2 FEHA Eshoh 9 Sigma it
capsaicin($=% 60%) A& 4272 Edo] AEH
t} FE2 2 & capsaicin(peak. 4)°] i1 =1 ¥}oll nordihydrocap-
saicin(peak. 1), ®|E% EZ(peak. 2)¥} nonivamide(peak. 3)
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3. HPLCo{| 2|&F Nonivamide2| Retention Time, &[4~
Aa2 9 848

Table 2+ nonivamideZ F3t 4253-9] capsaicinoids®] Re-
tention time, 24 A% 2, A WY 2 I58
UeRA A o]t} nonivamide®} capsaicin Rtol| A <F 38-¢] 2}
olZ Hlow F peake HAA FElHw AL ¢+ U
t}. 3 nonivamide®] A AZE AEE 3 A7} 18.6 ng
o= A% .21 nonivamide®] 3]4&(spiking H)- 95.6%
o|Att. o] F4&-L Reilly er al(2002) F°] Y 2] noniva-
mideZ chromatography-tandem mass spectrometry 2 A-&-3j| 4]
BT 85-90%2] H-83} vmAlE B YAS L Uk

= O
[RE=3

4. 3ZE =4 11F 2| HPLC chromatogram

3Z£0] A+ 13 Hanbando(A), Buchon(B), Chungyang(C)]
Z Al AHEsk AEFE 2paE E0]7] AlFs) 73 60Y
Z9] 113=o]|A] capsaicinoidsE FZ3}1L HPLCE E21%} chro-

matogram-= Fig. 322 JelQIch Fig 3014 & & e A
X8 A £%9| HPLC chromatogramol| ] peak7} T 7 A&
At FF AF capsaicinoidse] RtI} H]male] peak. 12

NDC, peak. 4= CAPZ 338  3lon] A FFol|A = noni-
vamidex= HAEEA] ZU4th M B FFo = peakr} 473
7250 peak. 1=NDC, peak. 2=71%3 ZZ(UIP), peak. 3=
NOV, peak. 4=CAPZ FF €t} vixjgto g C EFF| thsl
Me B F57 Y3 peakrt 43 HEH ] ZZbe] peak=
B %3 U3 peakZ FH AL} 3FZ2] Zzh] capsaici-

Table 2. HPLC analysis of standards: retention times, minimum detection limits, tests for linearity, and recoveries after

spiking of peppers

Compound Retention time(min) Detection limit(ng) Linearity range’(ng) Recovery after spiking®(%)
Nonivamide 96.73+0.11 18.60 0~2000 97.65+3.4
Capsaicin 100.72+0.16 17.28 0~2000 96.6 +2.3

* Linear plots of concentration versus peak area in uV; n=3; #=0.99 for all compounds.
® Korean red pepper(Chungyang) was spiked with a commercial mixture of capsaicinoids from Sigma capsaicin before extraction.
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Fig. 3. HPLC chromatogram of the capsaicinoids in whole-
extracted from three kinds of Korean Hot peppers (A:Han-
bando; B:Buchon; C:Chungyang) in 60 days after flowering.
Column; Inertsile ODS-3 (5 um, 4.0x250 mm), Column Tempe-
rature, 30°C; Mobile phase; acetonitrile : 0.5% formic acid (31:69,
v/v), Detector; UV at 280 nm. Chart speed, 1.25 mm/ min, Flow
rate; 1 mL/min. Peaks: 1, nordihydrocapsaicin; 2, unidentified; 3,
nonivamide; 4, capsaicin.
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Fig. 4. Ion mass chromatograms and mass spectra of nordi-
hydrocapsaicin (1), unidentified (2), nonivamide (3) and cap-
saicin (4) in Korea hot peppers determined by LC-MS.

Table 3. Nonivamide content of three whole Korean red
peppers after 60 days of flowering”

Pepper Nonivamide Capsaicin
Hanbando nd 2.01+0.13
Buchon 0.16£0.02 41.51+1.78
Chungyang 0.24+0.04 35.65+1.85

* Values in jg/g+SD. n=3.

E3 A7 peak. 12 NDC, peak. 2= V|53 Z2(UIP), peak.
3-& nonivamide, peak. 4% capsaicin® 22} =4 Hlth &
2, nonivamide= 3} G F 02 A A 2 &H|te] &4

FF7F=A 2] thAde] Ho] 9 o K Cordell & Araujo 1993,
James & Pyman 1925) ¥ A3 A3 A EA| N = noniva-
mide7} EA13t= Aol FAHUTH
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6. 75} 602 = 3ZZ 12| Nonivamide &izk
Nek ¥ 604H et e 15 3FOEHE capsai-
cinoidsE 23| nonivamide &3-S FAZF 70| Table 3
o]t}. Hanbando Zol] &-4¥ o] U+ capsaicinoids= ) cap-
saicinoids 3H&Fo] 9.65 ug/g 2 S8 mgo] EAFE & T
919l 2™ &l nonivamide™ HZE X 943kt Buchon F9j
#3)4= nonivamide7} 0.16 pg/g EH-Elo] 1o] A A capsai-
cinoids 80.27 ug/ge} 0.2%E. 818 Z v} Chungyang Zol] 3|
X= nonivamide’} 0.24 ug/ge. 2 A A capsaicinoidse] 0.20
%Ue & 4 Utk 3ol FHHol Y= nonivamide FFEFoll
#3 7= Z2A] e} Reilly S(Reilly & Crouch 2001)2
LC/MS/MSE AH&sta] 113 8FFol 375 <] 31+ noniva-
mideE Z#319t}. I 23} nonivamide 3 FFol| wal
Z AolE Holu AE HEHA & FF (Yellow Bel)3}
o)1= IER
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