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Abstract As per Korean Industrial Standards (KS), red pepper powders are classified
into five groups based on their pungency level: mild hot (<150 mg
capsaicinoid/kg), slight hot (150—300 mg capsaicinoid/kg), medium hot (300—500
mg capsaicinoid/kg), very hot (500—1,000 mg capsaicinoid/kg), and extreme hot
(>1,000 mg capsaicinoid/kg). In the the pungency
voluntarily declared as labels for red pepper powders; however, whether the

Korean market, level is
labeled pungency level reflects the KS pungency level remains unknown. In this
study, we determined the total capsaicinoid content (i.e., sum of capsaicin and
dihydrocapsaicin content) of 93 red pepper powders by using high performance
liquid chromatography. Additionally,
content, American Spice Trace Association (ASTA) color values, and free sugar
content were investigated. The capsaicin, dihydrocapsaicin, and total capsaicinoid
contents ranged between 35.9—1,029.5 mg/kg, 22.4—472.3 mg/kg, and 60.7—1,402.0
mg/kg, respectively. Of the 93 red pepper samples, the labeled pungency levels
of 51% samples matched the KS pungency levels. All the samples contained less

other quality attributes such as moisture

than 15% moisture. The ASTA color values and free sugar content ranged between
43.5—121.6% and 6.2—17.2%. respectively. It may be recommended that red pepper
powder manufacturers label the pungency levels according to the KS pungency
level.

Keywords red pepper powder, capsaicinoid, ASTA color, free sugar, moisture

1. A}E

T

13 ( Capsicum annuum L.)= 7FA 3 (Solanaceae) ol &&= thad o] zun] A2 =
A 2HE FAAN ] 49738 PR FCHNIHHS, 2022). =) 57FF AArale Ald Z7}
atar glow 2018 A A AL 52699 Yo 2000:(1,398% ) thH] 277% 71813
CHMFDS, 2021). =) 2157F9] 245 201949 16,924F0] AFEE Q= o] F 24t H|FS
54.5%% o UMA= F2 FaolA 7Y Att(Agro—Fisheries, 2020).
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Quality attributes of Korean red pepper powder by labeled pungency levels

aF= HER CoF E & @4bs) 2 & Edo] o=k
el 9o g9 gy 9 AE A At A gt
oot ez v} 9lth(Hervert—Hernandez 5, 2010). &
é‘l,

, 310 9l capsaicinoidsE FrtE] A~ BE Ao = <]
3k 559 3l(Fraenkel &, 2004), 2844 A% /A &
7} ot G H ok (Peng® Li, 2010; Reyes—Mendez
T, 2018). AFTHEE TR AFe] FARE AR, £
bt dE AEQ A, 15 T Azl F2 AR
th aF7RRY] HoAle Ta% £ 24 T ShuEA, &
S Aol thHEEL carotenoidAd AMA = capsanthin¥}
capsorubin®l] 7]¢l&lH, 1 QoE 1IE7}Fd = B-
carotene, zeaxanthin, lutein, B—cryptoxanthin 52
uro o AX A AG9 carotenoidd MA7F YTHKim &,
2004a; Topuz =, 2011).

ST me SRS FedE) thEo] T03 FE Q4EA,
Sk AEo)= capsaicinoids?] capsaicin, dihydrocapsaicin,
nordihydrocapsaicin, norcapsaicin, homocapsaicin
o] 9t} o] = capsaicin®} dihydrocapsaicine &3 %
o] a139] Fcapsaicinoid?] 80-90% °]4& A5,
capsaicin® dihydrocapsaicin®] 7% ThE capsaicinoid
of ulal of 2ulf o) gk ek W= AR Al 3
t}(Barbero %, 2008; Othman %, 2011; Tanaka =,
2010). 2349 A4=(scovile heat unit, SHU)+= 123=2] ojf
o ALeE S5k delEN 27l s kR
Y AA T 2ol capsaicin®t dihydrocapsaicin® &
#Fe o]&sto] Alitste WHgo] AREH AL YtH(Nwokem
2010). 71= Aol Fuiqk 159 FFH capsaicin?t
dihydrocapsaicin 3ge &4 Z3H(Table S1), ¥ =
Zo| A 71 =& ko] capsaicin? dihydrocapsaicin
shekS WSl 23 #AIgle] dihydrocapsaicin®l] H]
&) capsaicin 3] ¥ S ¥ (Ham 5, 2012;
Hwang %, 2011; Hwang &, 2014; Jeon¥} Lee, 2009;
Kim ‘&, 2004a; Park &, 2019; Yu &, 2009).

Yu 5(2009)2 w250 455 (obrule-at, meut B
ok, e 02 AR AL 9lE AT HFE F Fcapsaicinoid
S} (capsaicin® dihydrocapsaicin &9 )& XA
ok A}, ofFue-nke] 79 5 capsaicinoid®] Ha T

1453.0 mg/kgo] Q1 0H, vl £5be] A% HF §ol

9

908

1,067.0 mg/kgelaL, HE5re] 4§ Ho o] 708.5
mg/kg O 2, £etske] A9 it o] 207.9 mg/kgl
2 Buskith Ham 5(2012)¢) 9 9ol Al 137}
T 2% ZFcapsaicinoid $HEFel 3
ol

SHFAE - 1527 R (KS1HA)&
20150l HE TA|EFQ o IFTFE9] Fcapsaicinoid
T (mg/ke)oll wheh vinke] =7t 5eA (=g, Eul
&b Bk, w2k, w) el sh 2 FH s ThKS,
2021). KSTtA ] JFeol = Esta Algol F55a 3l

= AE7EE A WS eee AR w18k s

B
rd
>
bl
rir
r>~l
I
)
L2

H

M ] Al AL Qe TR AIES dde R 14
) &+ 559 W} capsaicin® dihydrocapsaicin 35

)=}
S ZAVSbaL, 1 9o ® &, ASTA(American Spice
Trace Association), fr2ld gt &2 o]s}ehs F4

54e B9,

2. 4w 3 WU

2.1. AJoF

Methanol Burdick & Jackson(Muskegon, MI, USA),
ethyl alcohol®} acetonitrile J.T. Baker(Phillipshurg,
NJ, USA)®] HPLC grade A]9FS AF-8-3}%1 3L, acetones
Samchun Pure Chemical Co.(Pyeongtaek, Korea)2]
special grade A] ¢FS A28} Y. Capsaicin(>98.5%),
dihydrocapsaicin(=97.0%), glucose(=99.5%), fructose
(=99%), sucrose(=>99.5%), L8] acetic acid(=99%)
+ Sigma Chemical Co.(St. Louis, MO, USA)ol| A +wj
a3t

2.0, JAZET)F A&

2021 8ol 11¢€0l ZH Al#E U2 1571+
1 HAL xél,:_

A% 93718 ehlelAl TRkt 2o )
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711 sto] AdS Wy B8t ULk
A 1%7FEE food mixer(SNSG—1002SS, Hanil
Electric, Seoul, Korea) 2 #7 #4)3F & 30 mesh ¥
A2 A2 5 L3590, 2o R sleko 7 olsle] &
wA7F A &S A5, 40T 9] dry oven(JSON-150, JS
Research Inc., Gongju, Korea)ol A 4A17F &2t &
AdE kA7 A% § B8 Dry oveno® 1%
Al Az A5 FAE 715 H 23S Ax A Hge
2 nAske] B4 tloleE ey B, SR g 27

& NETFEE A 8 1M AlRE R 1Y

2.3. Capsaicinoid #47

Capsaicin % dihydrocapsaicin %< Ku 5(2012)
3} Namgung 5(2013)¢] ¥HS Fasle] £A451990 £
3 15715 A5 2 g} methanol 10 mL, 18]3L H]SA
S 8 Al@3o] Wil dry heating block(MaXtable
H10, Daehan Science Co., Incheon, Korea)< o] &3}
o 90 Cell A 1AIZF &<t 7hEate] T3kl th A2l A
218 FZ A AEFo](Whatman NO.1)=E o3&t 10
mL volumetric flaskell A-&3F tF&- 0.2 um syringe filter
2 ojste] 1Als N2 etE ey (High Performance
Liquid Chromatography, HPLC)—UV detector(Agilent
1260 infinity I, Agilent Technology)® capsaicinoid
£ #2489tk Columnd XTerraRP18 column(4.6x
150 mm, 5 um, Waters, Milford, MA, USA)& A}-&3}
RaL, o] 5L (A) 1% acetic acid in water 2 (B)
acetonitrile2 1 mL/min®] %22 0—4min, 40% (B);
4—15 min, 40—62% (B); 15—16min, 62—80%; 16—20
min, 80% (B)9 ZAC & capsaicin®} dihydrocapsaicin

https://www.ekosfop.or.kr

TEaith UV A2&719] 32 280 nm= 453

, column =%+ 35CZ=, injection volume 20 pL

U ST

A R34t Capsaicin® dihydrocapsaicin &2
2 methanolel] =] 2.5, 5, 10, 30, 60, 120 pg/mL<]
'R sAste] HEgrdS AMdeh vy A%l HPLC
71712 A% X% capsaicin dihydrocapsaicin®]

S ©3}o] total capsaicinoid A FE =&3F).

N
'
hl
d
0
S
o
f
~~
N
-

re e
N
-
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S
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s

Fod s UehliE ASTA
STA analytical method®} AOACH S %+
FATHAOAC, 2000; ASTA, 1997). 157H
22 yacuum oven dryer(Jeio Tech, OV—11,
Daejeon, Korea)ZE o]-&3ato] 70 Col| A <k gAIZF S 7+
oF Ax3le] ZAHFATHASTA, 1997). ASTA A= 12
Sk 13715 0.1 gol| acetone 100 mL< 7}she] 183

A& 5 GaolA 16A3F Bt WAst] M RS =

3 & B335 A (Multiskan go, Thermo Scientific,
Waltham, USA)E o] &3}e] 460 nmolA SHFEE 54

HoR

ko1
ofr
o
f
T N
T X
ol i
=

Lo
¥
M
)

P

ka1 24 (1)& o83t ASTA A=E ALFsIATHAOAC,
2000).
ASTA color value = A><7W1/64 (D)

A: absorbance at 460 nm

W: sample weight (g)
2.5, 725 #4

Lee 5(2012)9] W< arshqlrt. %éﬂf& AFTHE 2 g
o] 80% ethyl alcohol 40 mLE 7}3Fe] 187t vortex
FZ3 % 0.2 um membrane filter= o 73k
t}3- HPLC—refractive index(RI) detectorel] 20 pL& =
Aol Bkl B4 skl Agilent 1260 Infinity
II (Agilent Technology, Santa Clara, CA, USA)E A&
3R, columne YMC—Pack Polyamine I column
(250%4.6 mm, 5 um, Thermo Scientific, Waltham,

MA, USA)E A&, o] 542 acetonitrile¥} water

mixer=
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Quality attributes of Korean red pepper powder by labeled pungency levels

g 75:25(vv)E E9 SviE S8 &=
mode) 2.2 1 mL/min?] F&2o=2 4
LEE 30CE AMESISiaL, 24 A9 L5 35T A
Aatlch A%S 913l 80% ethyl alcoholel] 5
FEAR S A EERNL
o

AAratolth,

glucose, sucrose & %
ol g5to] ztzhel gt

2.6. &7

A= SPSS(statistics package for the social science,
ver. 25.0 for window, SPSS Inc., Chicago, IL, USA)E
o]-gatglom, AR E 71| A¥AdE Pearson correlation
& Z-83t0] p<0.059} p<0.01 F<Eoll A A8kl o] 59
correlation coefficient(r)E YERN ST

3. 23 3 uZ

3.1. Capsaicinoid & 3F

1137 A8 % capsaicin® dihydrocapsaicin &3
24 Ay Table 13 S20] YJeERRAT 132715 5
capsaicin®} dihydrocapsaicin #4183 tjE Al
HPLC chromatogram< Fig. 13} #Zt} £438F 13715
AlZ oA ZFcapsaicinoid 32 60.7—1,402.0 mg/kg©]

Ao, dihydrocapsaicin S 22.4-472.3 mg/kg,
capsaicin &L 35.9-1,029.5 mg/kgs Bt} 4
3 EE AR A capsaicin ¥%o] dihydrocapsaicin
FFET Fokon, ol V]E A e Hard vk vk
(Ham %, 2012; Yu 5, 2009). Yu 5(2009)2] 1ol u}

(A) s0p
Capsaicin
4.04
> 3.0f ‘ Dihydrocapsaicin
< I
€ 20} f\
A
I I
1.0F I I
| | I\
AN } \ - ,,' \/\ Y Y \\, | S
00 1 1 1 1 1 1 1 1 1 1
7 8 9 1 " 12 13 14 15 16 17
Retention time (min)
B) 35
(B) s Fructose
3.0 -
25+ ﬂ
D20
€ sl “
1.0 - H Glucose
0.5 | ‘\ \ Sucrose
0.0 ="~ ”T—.J \’.‘A’.‘/ S

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Retention time (min)

Fig. 1. HPLC chromatograms of (A) capsaicinoid and (B) free
sugars from red pepper powder extracts.

29 Al 3Z7HF F capsaicin FS 142.0-1,085.7
mg/kgo] R 2™ dihydrocapsaicin F#EHS 60.8—468.5
mg/kg 22 YERGTE B3k Ham 5(2012)& Al 15715
9] capsaicin®} dihydrocapsaicin, 123l Zcapsaicinoid
sheks Zb7F 18.0—782.2 mg/kg, 11.8—388.2 mg/kg,
99.9-1,170.6 mg/kgo| e Ba3FIch 24k 2] oo A
2009 A 13%F9] uFRE AR} 1F7MF T
capsaicinoid $F¥& 4%t A7} FEHE capsaicin¥
3 1.8—1,236.2 mg/kg,

ATl A TP =2

dihydrocapsaicin %2 717 2

7}
119.6—628.8 mg/kgl. =, o] & A&

Table 1. Capsaicinoid content of commercial red pepper powder classified according to the labeled pungency level

Labeled pungency (level) NV Capsaicin (mg/kg) Dihydrocapsaicin (mg/kg) Total capsaicinoid (mg/kg) Nm/I\21)

Min. Max. MeantSD Min. Max. MeantSD Min. Max. Mean®SD 2
Mild hot (1) 23 35.9 105.8  69.2£20.0 24.8 73.8 43.7+12.1 60.7 179.7  112.9%£31.8 91.3
Slight hot (2) 8 88.3 206.8 132.2+41.4 51.4 132.5 76.4%£28.8 139.7  339.3 208.6x69.9 62.5
Medium hot (3) 37 42.8 363.9  149.0+72.8 22.4 188.1  83.0+37.7 65.1 546.0  232.0£109.5 18.9
Very hot (4) 6 92.0 902.9 374.9%£297.8  53.7 290.9 168.2+97.6 145.6  1,193.8 543.1£389.6 33.3
Extreme hot (5) 14 332.5  1,029.5 746.9%£171.1 157.2  472.3  306.9%69.6 489.7 1,402.0 1,053.9£225.9 71.4
No level 5 55.5 145.3  95.0£39.6 28.2 82.7 52.2%26.0 83.7 228.0  147.2%65.5 -

1)¢
2)¢

910

N’ means number of samples.
Nii" means the number of red pepper powder for which the marked pungency level matches the KS pungency level.
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capsaicin® &< 1,236.2 mg/kg¥® dihydrocapsaicin
kol 628.8 mg/kgeldtal B e tH(Yu 5, 2009).

Codexol| A= 313715 (chili pepper)2] vj-&-3F 7|57t
7S 900 Scoville units ]2 Aokek vl lom, o] =
capsaicin g#o g Mg He o 60 mg/kgoltt
(CCSCH, 2021). A|&+ 3157} A& = Zcapsaicinoid
steko] 7bd e A8+ ZFcapsaicinoid o] 60.7
mg/kgol AT whebA], 2 ATl A A e BE Al 1%
7479 A5 Codex®] w23t 7]l F-ahgtvhar & = 2
o} %7 EFAHA (KSTHA) ol A i 57HE<] v
9] AL Fcapsaicinoid g5l Wt ‘=gl (mild
hot, 150 mg/kg 7|7, ‘@ r& 3 (slight hot, 150—300
mg/kg), ‘BE m&9 (medium hot, 300—500 mg/kg),
‘u) &3 (very hot, 500—1,000 mg/kg), ‘wi$- vi&uV
(extreme hot, 1,000 mg/kg o) o2 SH3tatar Ut

(KS, 2021). =, 7P wj& 5t S5 w9 vt a7t

Fo 12%7F &3, 35.5%7F BB, 33.5%7} ‘HE
&9 17%7} ‘iUl 2%7}F ‘- wjeub o7 KR
vl ATHMAFRA, 2014). ¥ 1t A 413 2021d -5
AE7HE AR 9375 KSTH4 71 vt el wt
ek A7}, 39.8%7F ‘=YY, 30.1%7F Eul-gr, 10.8
7b B gy, 7.5%7F ‘wint, 11.8%7} uig- o

,d
@

Mo
=

o7 REHQth waeba, 2013d0]E mjguke] F71 v
QA Hulenl, ‘HE wlest A5 Bokthi, HE Ry
T AFE7FRAE o] Gt Alse wokot v
oF g re] o Sl ‘Eanh ) - v o g By
£ AE7F 103 Aol vls] Zolx= Hee Bt o
748 u|Ake] w2t 7|57t el s W st B 4
AATh 53], A A5 w2t A5 Fro] we}
- w2 100] | A fE AlE T 2% EHgot

https://www.ekosfop.or.kr

2ol vl Sl E71E F 88/ AlEE vl &
w70l whef SeHAlR B H KS vlu 5 715l
Bl =A S AESITHTable 1). 22 A3}, vje-uk 55
X771 1A (GEY] o F3F) AlE7F 5 2370904, 2
SA(EY] o ‘Zw wE5) AE7F 87, 39AI(E7]
o ‘U, HE(Hh), ‘HE wiult) As7F F 3770, 4%
AGEZ] o wE8E) A87F F 670, 59AI(FE7] 4. ol
uj !

=9, - w29, g W) AETF F 1470900
+ Zcapsaicinoid ¥ 4 A5 B
=
[e)

E714 e

capsaicinoid ¢S A%k A3} o}
1,378.6—1,554.2 mg/kgol o1, v
1,189.2 mg/kgolal, HETr] ¢ 557.4-925.8 mg/ke,
s=ohuko] 49- 204.2—213.3 mg/kg O 2 ZFcapsaicinoid
ATk ATtellA wist 37] T A%
M ABE BEX3 AP capsaicinoid ¥FEo] Yu &
(2009)¢] Aol wlal 22 TR o 2 AAE Bl
v AE7FRY] A ARl F

2~ 489.7 mg/kgll Al #dl 1,402.0

mgkgo Z mlg- & zto]& HiTh o]= ¥ R ntE
o] A& WHS F413F Yu 5-(2009)2] oAkl H]&] & ¢l

Z Wl FApdE went Aeg 7]
3, Y2 2L sjake] AlF o s Hiko] gl
715 o] du# % Fcapsaicinoid o] thE 7

seolst 4= oA H(data not shown).

S0 558 Bladk Ay KS vy 552
837 = 4570(51.1%)°l E3}3} . Fcapsaicinoid
A A AR HE 27, 28, 36, 72, 73, 7914
F7149 vieut sl sldshe KS 114 Tl
v =o FekS HQla 29, 30, 37—64, 74-76,
© KS 7t4 71 din] 42 S vehit

S5

3} KS P el 3

_=)
2]
N
=

o)
=
@
)
)
j=5]
N
i
=
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HPo| A= 90% o] U X
g w B = 71.4% 4

< J
ok
e
ful
o
ol
X
=
=
Ho
=

e 71 s T3 KS vt Se] YRSk
AE7} 33.3%¢°l 713 AL, o] Foll= KSit Ao w2y ‘e
oF s gele gt S 157 AR v 23
wo] Qth BF vl stow 715 oy KS 114 7|+
‘HE nfg-uto] H3teli= Fcapsaicinoid $HEFS WSl A
1 18.9%] EHFAL -2 7]l & A= A

2ol 65.1-290.6 mg/kgs B} o}
A A w5k AR gee] vl
W8] S8l W&k BAlE 57

=
w7l e AR TdE dev)

Zcapsaicinoid 3+
A, vk A=

x2

(YeongYang—gun 2022).
a57FEe] 4 Hrtol= vf%a IE W capsaicinoid
F Qo 7 g A Tol 8% Vo] Wk

2 gharo] 79 AEZA(MFDS, 2022)904E 15% ©]3},
KS 74 (Korean Industrial Standards, 2021)°14+= 13%
o]t 71=& A|AEHAL })\_QU% Codex?} Hungarian
Codexol| A= 11% ©]3}e] 7155 AAIS2 ATHCCSCH,
2021; Codex, 2013a; Codex, 2013b). Al# 37
NE F 58 3 B4 A= Table 29+ S2¢f YERAS
ok BAG Al ATHE 5 R S 48-147%% B
T AEEA 7l Fiehs AdE Bylov A AR
785 KS qtAdl = F-3tekA skt 57 i o
°j geFS F=dl 2157+ (paprika powder)
S 3%l 5% 521 A3, AW (hue), B
(lightness), A% (chroma)7} 25 A8t Rav}
9 tH(Horvath®} Hodar, 2007). =3 2 137 A Z0
2ol Ak YARR 2718 AR ARE] A
shgol A= wgton, F2 XL o R 2ol 72 ¢
A2 71 AETME AREY AF i gl =2

kS ¥ th(data not shown).

3.5, ASTA 4=

Al 1E7HE A= ASTA A% #4] Z3}= Table 2
9} S20 VFERAQITE ASTA Mt n57be] He Ay

= 7Pk ARRA, ASTA At 55 137H
ZEFAZ FH7FEHKim 5 2004a; Kim 5, 2004b; Lee$}
Lee, 1992; Minguez—Mosquera®} Pérez—Galvez, 1998).
KS tAelA = ASTA 4] w2 157+ T3S uhz

Belea oA ghort, BEAERA 157 FA 74

Table 2. Moisture content, ASTA color value and free sugar content of red pepper powder classified according to the labeled

pungency level

NV Moisture (%, w/w) ASTA color value Total free sugar (%, w/w)
Labeled pungency (level)
Min. Max. Mean£SD Min. Max. MeantSD Min. Max. MeantSD
Mild hot (1) 23 6.6 14.7 10.6£2.5 57.9 112.0 84.6£18.0 8.4 17.2 11.4£2.3
Slight hot (2) 8 6.6 12.6 10.8+2.4 62.9 81.4 71.7£5.8 7.7 11.7 9.0£1.5
Medium hot (3) 37 5.0 13.7 9.84+2.3 46.9 111.6  79.7£17.3 7.5 16.5 11.7£2.6
Very hot (4) 6 5.7 11.8 10.0+2.3 57.7 121.6  81.6%£27.6 6.2 16.0 11.4£3.3
Extreme hot (5) 14 4.8 12.2 8.6x1.8 43.5 1154  85.6+24.7 6.5 15.1 8.31£2.5
No level 5 7.7 11.8 10.4£1.6 59.4 96.8 73.1+15.1 8.9 15.3 11.3£2.7

VN’ means number of samples.
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3H(eh o2 ASTA MEZ ExFo] 49 161 o)A, 452
131-160, 5L 101-130, BE o|3}= 100 o]at= A<t
3+ 1} QItH(GBARES, 2006).

Ao A Al 1371Fe] ASTAMEE 435-121.6
o AATt. 71E AFelA 8 x| 9 ASTA A
Lgke] 73.0-81.2= Har¥l v} JTH(GBARES, 2006).
CCSCHIIA = C annuum L.2 A Z3 1137179 ASTA
A7} 120 o]gol™ 153 (Class 1), 100—120 Afol+= 2

SF(Class 1), 80—1009) A$ 35F(Class o= FF

S QT EFE TS AN QR ople} nEAAF Ao

PN bl
A% HF F 48 A A SR AR Fo 57
FoF WP A 1 A7k dobka el Qeh(Rhim

34. 725 §F

AR SLSTEE AR T e 24 A3k Table 29t
S2ell YERSITE =] frEss 7Y A el
o] 2% mwro g ujg- vro} F& ujukito] 1= b
ks =Ab 7Rl oF 15-30%9] 23S gl
o] mi-uka A @tko] wrhar <A gltk(Jarret &,
2009; Ku &, 2012).

B AT BAE TR FEE e el
3% HPLC chromatogram-< Fig. 1(B)ol] YT A
I 1F7MF A8 F ZH89 dF(fructose, glucose,
sucrose 99l )L 6.2-17.2%% HSom 1 stefo]
fructose(3.7—10.5%), glucose(2.0—6.5%), sucrose(0.2—
1.3%) o2 #okth ole 1Z7HE T Fo fFude

fructose, glucose, sucrose®|™ ZFd ko] 8.3—

19.1%2t3L ®.313k Choi 5(2000)] A7ke} frAFsESIT
A AE T2 sk Sl a5 A o Qe A
AR e =8 ArTt fFEd gl IS = 5 dom,
1 9ol A 717 B A L5 Tl oM AT
o g 24 @b F ArH(Cho &, 2004; Hwang
5, 2014; Korkmaz &, 2020).

3.5. KS7-4 w28k g xof] w2 o]s}el% i #4] Zr’ﬂf
1F7}F 5 Zcapsaicinoid®A 235 vy o K

T Aol wE RS ) aEeR %Tarf‘&

5 vt gAE R & A

Aol BEE Fig 2(A)—2(C)ol YeRALh Hd 78 o

ojL} ASTA Mo A9 IFH=E & Apo]& HolA| &%k

g GA7E ok

Az uE capsaicinoid & &

t}. Zcapsaicinoid %9 49 w21
wpe} Htgko] ol AEs Blov Tm Wl Als 1
of & AxE Bl 53] w5 (500-1,000 mgkg) 1
wol A AR 2 EAE Bl Eeh 8 S v

2E A& 1L o] Yol

s Bylon @2 @A WellM e AR 3t 2 HJAE

H g s EAsITE 8 &
i} 2 capsalcmod shekylo] A S A S A
r=—0.2900% &9 A4#AS ol p<0.012 2%l

o

ZFol 2 H AT ASTA ME 9} Zcapsaicinoid &9
BAE FAT A, r=0.2212 4 ”ﬂ“% LER
p<0.05% {ro]AlQl Afol& WAL} w3k Feld Tt
Fcapsaicinoid 3] A4S EA% ﬁa*"]’ r=—0.396
O Jof IS vERlOM, p<0.01E 2] 2Ql Aol &

a)

(A) 1200 (B) 500 (C) 1500
1000 | % 5 400 o 1200 é 90th Proentile
o ) > .
5 800 | I §300 i £ oo T K/FetgiaPﬁcentlle
< 600 3 % ° . Mean
5 & 200 S 600
§ 400 t;' g 100 ] g 500 =5 25th Percentile
© 200 &= = g =2 3 _ 10th Percentile

o

o

<150 150-300 300-500 500-1000 1000-
Total capsaicinoid (mg/kg)

<150  150-300 300-500 500-1000 1000-<
Total capsaicinoid (mg/kg)

0 <150 150-300 300-500500-1000 1000-
Total capsaicinoid (mg/kg)

Fig. 2. Box plots of (A) capsaicin content, (B) dihydrocapsaicin content, and (C) total capsaicinoid of red pepper powder samples.
The samples were classified into five groups, based on the total capsaiciniod content as following: mild hot (n=37, <150 mg/kg),
slight hot (n=28, 150—300 mg/kg), medium hot (n=10, 300—500 mg/kg), very hot (n=7, 500—1,000 mg/kg), and extreme hot (n=11,

1,000 mg/kg<) groups (KS, 2021).
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Bk KSit4 w3t 55 7]
mg/kg ©1) THOIA Ht F
o (150 mg/kg VIRH) T Hit Y Tl
11.1%¢l w3 gds] wokrh

rJ

NE7HEE Ul BEAPAKS) 7 skt
Zcapsaicinoid ol wtgt & 584 %1 ‘-"Eﬂ
2F (150 mg/kg mgh), “Dul&-3(150-300 mg/ke), ‘HE
1 &2F(300—500 mg/kg), &% (500—1,000 mg/kg),
- w5 (1,000 mg/kg o)) o= SH3tetaLl ol
olo] & dAFtellA = = freHal e 5T vt 5
B 7)ol gt A¥gS st} 93l disl HPLCE 2
3lo]  Zcapsaicinoid
gleko] 39 BAEI9IaL SR ASTA, Sel9 sk} 2o
o|glat E£4 EAlS #2159t} Fcapsaicinoid $HE
60.7—1,402.0 mg/kgo| 2™, capsaicin $FF2 35.9—
1,029.5 mg/kg, dihydrocapsaicin &2 22.4—472.3
mg/kgS BEAT E7]E wl&9F A X9} capsaicinoidi
A A, KS &8t 93% 2717 B s E
51.1%°l E33lith. i S 15% WRto R R 2
F379] 7IEtAel B3ty M S8 43 ASTA AV
ZEe 43.5-121.6°14t} 5213 g (fructose, glucose,
sucrose 3ol & 62-172%2 BT B A4S &
& =) Al 5749 capsaicinoid $HEFe] ¥7] A%
2 oolspebA F4 94 S sl

Ste¥(capsaicin % dihydrocapsaicin
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Supplementary materials

Table S1. Reported capsaicinoid contents in Korean red pepper (Hwang et al., 2011; Hwang et al., 2014; Jeon and Lee, 2009;
Yu et al, 2009)

Red pepper cultivar Capsaicin (mg/kg) Dihydrocapsaicin (mg/kg) Total capsaicinoid (mg/kg)
Cheongyang 774.2-2,788.1 331.8—720.1 1,106.0—3,508.2
Hanbando 959.7 451.7 1,411.4

Geonchowang 840.0 339.4 1,179.4

Woorigeon 706.2 290.5 996.7

Geumbit 553.6 273.9 827.5

Muhanjilju 451.9 194.6 646.5

Dokyacheongcheong 439.8 200.6 640.4

PR Daechon 389.2 151.9 541.1

Daebakna 316.3 119.6 435.9

Shinsegye 298.2 248.4 546.6

Jangsuwang 282.3 154.8 437.1

Ogwang 344.2 2144 558.6

Daetong 251.8 204.2 456.0

‘Wangdaebak 1,222.2 437.8 1,660.0

Myeongak 216.9 156.1 373.0

Shishito 153.5 77.9 2314
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Table S2. Labeled pungency level, moisture content, ASTA color value, capsaicinoid content and free sugar content of red pepper
powders

No. Labeled  Moisture ASTA Capsaicinoid (mg/kg sample) Free sugar (%, w/w)
pungency (%, w/w)  color value — - —
level? Capsaicin Dihydrocapsaicin Total Fructose  Glucose Sucrose Total
capsaicinoid free sugar
1 - 10.9+0.22  73.740.1 55.5x0.4 28.2x0.2 83.7x0.5 6.5+0.7 3.6+0.4 0.4x0.1 10.6%1.2
2 - 11.0+0.2 75.2%1.6 63.5x0.4 31.4x0.2 94.9£0.7 9.3%0.0 5.3%£0.0 0.7£0.0 15.3+0.0
3 - 7.7£0.2 96.8+0.4 83.210.3 41.1£0.1 124.3+0.4 7.4%0.2 4.8%0.1 0.5%0.0 12.74+0.3
4 - 11.8%0.1 59.4x1.4 127.4+£0.4 77.4%+34 204.94£3.7 5.4%0.2 3.4%0.1 0.3£0.0 9.1£+0.3
5 - 10.7+0.0 60.4%0.8 145.3£3.6  82.7+0.7 228.0£2.9 5.4%0.1 3.1+0.1 0.3%0.0 8.9%+0.2
6 1 10.1+0.0 101.8+0.8  35.9%0.2 24.8+0.1 60.7£0.2 6.1+0.3 3.8+0.2 0.20.0 10.1+0.5
7 1 8.3+0.1 103.6+£0.7  40.5%0.2 27.2x0.1 67.7£0.3 6.6+0.1 4,1+0.1 0.5%0.0 11.2+0.2
8 1 9.0+0.1 110.4+1.2  40.0£0.9 27.9£0.6 67.9x1.4 8.3+0.2 5.3%£0.0 0.7£0.0 14.2+0.2
9 1 9.310.0 109.2+£0.1  41.1%£1.1 28.9£0.5 69.911.6 7.0£0.1 4.5%0.1 0.6%0.0 12.0£0.2
10 1 9.2£0.0 102.5+1.4  45.8%2.0 30.7£1.2 76.4£3.3 6.7£0.2 4.7£0.2 0.6%0.0 12.0+0.4
11 1 7.7+0.1 93.5%2.6 49.7£0.6 33.5%0.2 83.2+0.8 5.8+0.1 3.7+0.1 0.5%0.0 9.9%+0.1
12 1 9.0+0.1 100.3+£0.6  50.8%+0.0 35.1£0.0 86.0£0.0 7.1+0.3 5.8%£0.2 0.7+0.0 13.6+0.5
13 1 8.3%0.0 112.0+£0.1  56.6%x1.2 42.2%1.1 98.8+0.2 7.3+0.1 4.7+0.1 0.7£0.0 12.7+0.2
14 1 13.9%+0.3 78.7x0.7 70.4x1.6 41.8%2.9 112.2+4.5 5.1+0.3 3.0+0.2 0.3%£0.0 8.4%+0.4
15 1 14.7£0.1 71.7£0.5 71.7£0.4 42.1+0.4 113.9£0.8 5.6£0.6 3.0£0.3 0.3%£0.0 8.9%+1.0
16 1 13.4%0.4 72.0£2.3 70.7£4.8 44.1£3.2 114.8%8.0 5.310.1 3.1+0.0 0.3£0.0 8.6%0.1
17 1 12.4+0.7 72.0£0.5 76.0£1.0 46.0£0.4 122.0£1.4 5.7+0.4 3.2+0.2 0.8£0.0 9.7£0.7
18 1 12.7+0.7 86.6+0.4 78.2+0.1 44.4%2.3 122.6+2.2 6.1+0.0 3.5%0.0 0.7+0.0 10.3+0.1
19 1 11.1+0.2 93.710.9 79.1£1.3 45.5%0.3 124.6x1.6 8.5+0.1 5.2%0.0 0.2£0.0 13.9%+0.1
20 1 13.1+0.5 92.3x0.7 79.4%0.4 45.6%0.6 125.1£1.0 8.6x0.1 5.3£0.1 0.2£0.0 14.24+0.2
21 1 9.61+0.8 95.8+0.1 79.3£0.4 46.0£0.2 125.3+0.6 10.5+£0.0  6.5%0.1 0.2£0.0 17.240.1
22 1 12.0£0.0 67.4+0.1 79.9£0.6 48.0£2.0 127.9£1.5 5.2140.0 3.0+0.0 0.8£0.0 9.0£0.1
23 1 11.3+0.4 69.3x0.9 81.3+0.6 48.6x0.2 129.9£0.3 5.1+0.2 2.7+0.1 0.7£0.0 8.5+0.4
24 1 7.0+0.2 63.2+0.3 82.2+0.5 56.4x0.1 138.6£0.4 7.4%+0.3 3.9+0.1 0.9£0.1 12.24+0.5
25 1 13.4%+0.1 62.7x1.8 89.415.7 52.314.0 141.7+9.6 6.210.0 3.8%0.0 0.4£0.0 10.4%0.1
26 1 13.3+0.1 57.920.6 92.8+2.1 55.2£1.3 148.0x3.4 6.1+0.0 3.7+0.0 0.4£0.0 10.3%+0.0
27 1 6.6+0.0 66.9£1.0 94.5+0.1 64.4£0.0 158.9+0.1 8.2+0.7 4.6+0.4 0.5%0.1 13.3+1.2
28 1 7.710.4 62.6%1.3 105.8+£3.5  73.8%2.0 179.7+£5.4 6.7+0.1 3.710.1 0.4£0.0 10.8£0.2
29 2 12.6+0.3 77.1£2.2 88.3x2.1 51.4x1.4 139.7£3.5 5.1+0.2 2.9+0.1 0.7£0.0 8.7+0.4
30 2 12.2+0.1 74.3%£0.8 95.4x1.6 54.0£0.9 149.3£2.5 6.6+0.5 3.8+0.3 0.4£0.0 10.7+0.8
31 2 11.6+0.1 69.3%0.6 101.9x4.1  53.7£1.9 155.6£5.9 5.1+0.1 2.9120.0 0.320.0 8.3+0.2
32 2 12.4+0.1 71.0£1.0 109.3£2.0  61.6%1.3 170.9%3.3 4.5%0.3 2.6+0.2 0.7£0.0 7.8£0.5
33 2 12.0+0.1 81.4+2.1 134.8+£0.3  71.9%+0.1 206.7£0.4 4.9+0.7 2.9%+0.1 0.2+0.0 8.1+0.8
34 2 11.5+0.3 69.7+1.1 153.7£0.4  83.0%+0.2 236.7£0.6 4.910.2 2.7+0.1 0.20.0 7.7+0.2
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(continued)
No. Labeled  Moisture ASTA Capsaicinoid (mg/kg sample) Free sugar (%, w/w)
pungency (%, w/w)  color value — - —
level” Capsaicin Dihydrocapsaicin Total Fructose  Glucose Sucrose Total

capsaicinoid free sugar
35 2 7.510.2 67.5%£0.5 167.4+6.0  103.4£3.1 270.819.1 7.2£0.6 4.0£0.3 0.5%0.0 11.7£0.9
36 2 6.6+0.1 62.920.9 206.8+1.8  132.5%1.2 339.3£3.0 5.6+0.3 3.4%+0.2 0.2£0.0 9.24+0.4
37 3 6.84+0.1 66.4x0.1 42.811.2 22.4£0.8 65.1x2.1 8.8+0.1 4.910.0 0.4£0.0 14.24+0.1
38 3 11.4£0.1 69.512.1 71.610.6 39.3%£0.3 110.9%0.9 4.7+0.2 2.7+0.1 0.3£0.0 7.710.4
39 3 9.4+0.4 66.910.9 77.4%0.4 43.6%0.1 120.9%£0.5 9.2%0.0 6.4%0.0 0.5%0.0 16.1+0.1
40 3 11.8£0.4 61.6%£1.9 78.810.8 43.4%0.5 122.2+1.3 7.7£0.0 5.3%0.1 0.3£0.0 13.3+0.0
41 3 12.8£0.0 77.1+0.2 77.612.2 45.4x1.6 123.1+3.8 6.1£0.1 3.4%0.1 0.3%£0.0 9.910.2
42 3 12.6+0.4 71.3x0.1 80.4x1.7 48.4x1.1 128.8+2.8 4.7+0.1 2.8+0.1 0.3%£0.0 7.9%0.2
43 3 12.2+0.1 87.7x1.6 83.0x2.9 48.5x1.5 131.5%4.3 5.1+0.5 3.1+0.3 0.3%£0.0 8.4%+0.9
44 3 13.1£0.6 72.81£2.0 83.410.1 48.9£0.1 132.4%0.2 5.510.0 3.210.0 0.3£0.0 9.1£0.0
45 3 12.5%0.2 59.3£2.0 86.110.6 50.8%0.6 136.9+1.2 5.8+0.1 3.520.0 0.3£0.0 9.6%0.1
46 3 12.6+0.1 64.0+0.8 89.0%6.3 52.2%4.0 141.1£10.3 6.3+0.0 3.9£0.0 0.4£0.0 10.6%0.1
47 3 6.91£0.4 62.5£1.0 97.0%£4.3 68.1+2.8 165.1+7.1 7.2£0.5 4.0£0.3 0.5%0.0 11.7£0.8
48 3 11.9%0.0 85.5x1.0 107.8x1.3  59.1%+1.0 167.0+2.3 5.7+0.1 3.1+0.0 0.3%0.0 9.1+0.1
49 3 10.2+0.0 88.6x0.8 110.7+£0.4  67.8%+0.1 178.5%0.3 8.1+0.1 4.7+0.2 0.6%0.0 13.4%+0.3
50 3 6.2£0.1 64.6%£0.0 109.5+4.6  73.3%£2.9 182.8£7.5 6.510.0 3.310.0 0.3£0.0 10.1£0.1
51 3 13.7£1.6 93.9£0.5 126.3£1.3  68.6%0.6 194.8+2.0 8.810.2 5.2%0.1 0.4%0.0 14.4%+0.3
52 3 6.7+0.2 93.7+0.1 131.9+£0.1  63.4%0.2 195.3+£0.4 8.8%+0.1 5.1£0.0 0.5%0.0 14.4%0.0
53 3 5.0£0.1 47.9%0.4 128.0+£0.1  71.7+0.0 199.7+0.1 8.3%0.1 5.710.1 0.6%0.0 14.5£0.1
54 3 9.1+0.0 90.1x3.5 135.1x£2.3  72.3%2.0 207.4x4.3 7.7£0.0 4.6+0.0 1.010.0 13.3%+0.0
55 3 11.6+0.2 63.1x0.2 136.1x1.5 72.4%1.3 208.5%2.8 4.7+0.1 2.4%0.0 0.3%0.0 7.5%0.1
56 3 11.5£0.0 71.8%£1.0 135.9+0.2  77.3%0.0 213.3£0.2 4.6%0.3 2.6£0.1 0.3£0.0 7.510.4
57 3 8.5%0.1 88.7£1.0 150.2+1.3  72.9%0.7 223.1£2.0 8.7+0.1 5.2%0.1 1.0£0.0 14.9£0.2
58 3 8.6+0.0 60.0x0.2 144.1+£0.8  86.9%0.6 231.0x£1.4 7.1+0.0 4.4%0.0 0.4£0.0 11.94+0.0
59 3 12.2+0.1 94.520.0 153.6x£0.8  81.0%0.6 234.6x£1.4 8.1+0.0 4.7+0.0 0.4£0.0 13.24+0.0
60 3 9.4%+0.0 66.1x1.4 147.0£1.1  88.0%0.6 235.0£1.8 5.8+0.1 3.910.1 0.3%0.0 10.0£0.2
61 3 7.1+0.1 76.5t1.4 125.5x1.2  111.8%1.0 237.3£2.1 9.4%0.0 5.9%0.1 0.4£0.0 15.7+0.2
62 3 10.3£0.0 46.910.2 153.7+£4.4  93.716.7 247.4£11.1 6.2£0.1 3.3£0.0 0.5%0.0 10.0£0.1
63 3 8.0£0.2 111.6+2.3 179.8x1.5 89.0%0.6 268.7£2.0 7.1£0.1 5.3%0.1 0.8£0.0 13.240.0
64 3 9.4%+0.0 99.1x2.1 192.8+£0.2  97.9%+0.5 290.6x0.7 5.3+0.1 3.3£0.0 0.6%0.0 9.3£0.1
65 3 10.5%0.0 88.814.3 192.5x1.1  118.1+0.9 310.6%£2.1 7.4%+0.1 4.2%+0.1 1.0+0.0 12.6%0.1
66 3 9.0+0.1 109.0+£0.7  209.5+0.2  101.4%0.1 310.9£0.3 6.4+0.2 4.3+0.0 0.6x0.0 11.4%+0.2
67 3 9.0£0.1 101.7+£0.3  213.8x1.8 101.6%x1.0 315.4£2.8 6.0+0.0 3.7+0.0 0.6%0.0 10.3%+0.0
68 3 5.7£0.0 84.1%£0.1 216.3£2.0  129.2+1.3 345.4£3.3 9.4%1.4 6.5%0.9 0.5%0.1 16.5t2.4
69 3 9.3£0.0 106.8£0.5  240.9£9.4  123.7+4.4 364.6+£13.8 6.5£0.1 4.6x0.1 1.0%0.0 12.0£0.1
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(continued)
No. Labeled  Moisture ASTA Capsaicinoid (mg/kg sample) Free sugar (%, w/w)
pungency (%, w/w)  color value — - —
level” Capsaicin Dihydrocapsaicin Total Fructose  Glucose Sucrose Total

capsaicinoid free sugar
70 3 10.0£0.0 86.7t1.4 245.219.6  146.2%6.2 391.4£15.8 7.910.3 5.8%£0.2 0.4%0.0 14.1+0.6
71 3 7.910.1 102.0+£0.0  268.7x1.8  123.2+0.9 391.9£2.8 6.0+0.2 3.9+0.1 0.7£0.0 10.6%0.3
72 3 11.1+04 68.5x0.9 328.4£0.1  188.1%0.1 516.5%0.2 8.5x0.0 5.3%£0.0 0.3£0.0 14.24+0.1
73 3 9.7£0.0 101.1+£2.3  363.9+13.7 182.1£2.3 546.0£15.9 5.1+0.1 3.9%0.1 1.3+0.0 10.3%+0.2
74 4 11.8%0.0 58.210.4 92.0x2.7 53.7x1.7 145.6+4.3 6.0+0.4 3.6+0.3 0.4%0.1 9.9%+0.8
75 4 11.6+0.1 57.7+0.4 97.218.1 55.2£5.0 152.3£13.1 6.910.2 4.24+0.1 0.5%0.0 11.5%+0.3
76 4 10.8+0.4 72.0£0.8 322.6£3.1 158.6x1.4 481.214.6 8.2%0.1 5.1x0.1 0.3%£0.0 13.6x0.2
77 4 10.7£0.0 121.6+0.2  395.0x£2.0  223.2%+1.3 618.2£3.3 6.21+0.0 4.4%0.0 0.6%0.0 11.24+0.0
78 4 5.7+0.1 69.6x1.0 439.8+4.4  227.6%1.6 667.5£5.9 10.0+£0.0  5.6%0.0 0.4£0.0 16.0£0.0
79 4 9.6+0.1 110.7£1.8  902.9£40.7 290.9%+13.1 1,193.8+£53.9  3.7£0.2 2.1+0.1 0.50.0 6.21+0.4
80 5 5.6+0.0 69.211.7 332.5+5.7  157.2£2.5 489.7+8.2 9.1£1.3 5.3%£0.7 0.7£0.2 15.1£2.1
81 5 9.4%+0.0 61.4%0.3 564.0£13.1 269.71£4.7 833.7£17.8 5.2+0.2 2.6x0.1 0.3%£0.0 8.2%0.3
82 5 8.710.1 111.4£1.0 705.1£0.6  274.0%£1.2 979.1£0.7 4.1+0.2 2.2+0.1 0.4%0.0 6.7£0.3
83 5 9.1+0.4 84.4x0.3 732.6x12.4 256.0%£4.6 988.6x£17.0 5.3+0.1 3.2+0.1 0.3%0.0 8.7£0.2
84 5 8.5%0.1 103.1+1.4  727.2x2.7  278.1%x1.3 1,005.3x4.0 4.3+0.1 2.3+0.1 0.5%0.0 7.1£0.2
85 O 4.840.0 65.420.0 711.5£12.9 298.9%6.1 1,010.4£19.0  6.3%£0.1 3.310.0 0.5%0.0 10.1£0.1
86 5 8.9%0.1 60.6£0.3 693.1£5.9  327.3+3.2 1,020.4+9.1 4.910.1 2.7£0.0 0.4%0.0 8.1+0.1
87 5 12.2+0.2 59.2+0.2 737.1£9.2  300.4%3.4 1,037.6x£12.5  4.6+0.1 2.3+0.1 0.3%£0.0 7.2%0.1
88 5 9.210.0 106.7+£0.2  774.7+£24.7 302.6+7.9 1,077.3£32.7  4.2%+0.1 2.3%0.0 0.4%0.0 6.9%0.1
89 5 9.610.1 108.2+£0.6  817.9%6.0  317.4%+25 1,135.3x8.5 4.1+0.2 2.3+0.1 0.4£0.0 6.7£0.3
90 5 9.6x0.1 101.2+1.0  827.1£3.4  3154%1.2 1,142.5x4.6 3.910.2 2.2+0.1 0.5%0.0 6.5%+0.3
91 5 7.510.8 43.5%1.0 783.8428.5 472.3%+17.8 1,256.1+446.4  7.5%0.1 4.4%0.3 0.210.0 12.14+0.3
92 b5 7.9£0.0 108.5£1.6  1,021.1+12.2 355.3£3.6 1,376.5+£15.8  3.8%0.2 2.240.1 0.5£0.0 6.51+0.1
93 5 8.7£0.0 115.4£1.7  1,029.5£0.6 372.4£0.2 1,402.0x0.8 4.0+0.2 2.0£0.0 0.5%0.0 6.5%+0.2
DPungency level was labelled as following: —, no label; 1, mild hot; 2, slight hot; 3, medium hot; 4, very hot; 5, extreme hot.

YAll samples were analyzed in duplicate and expressed as meantstandard deviation.
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