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Development of Quality control System
for Red pepper and Red pepper powder
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SUMMARY

Chemical methods to analyze the quality properties of red pepper and
red pepper powder, such as moisture, color of red pepper powder (L, a, b
value), ASTA color, total sugar and capsaicinoids, were established bsf 1057
Dry oven, Chromater, UV spectrophotometer and HPLC respectively. Chemical

and sensory properties of red pepper pc;wder varied variety, growing site and
production vear were analyzed for 62 samples. Calibration equations to
estimate the chemical -properties were developed by NIR Spectroscopy. The
quality control system of red pepper powder through NIR Spectroscopy may
be useful method to estimate quality properties of red pepper at the factories
that produce red pepper powder.
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43 2 3FECY S5 AW 2Y5T AT, DEE AASANHE 5
g AnRE 945z ¥ 287 5 AEe ohg U AE3Y A

¥ hammer mill2 E4&A 1E7IFE AL Y[ A
AE VIR 4F FAEE O FESAHE Fofdte AT g nzo] 9
= HFE7] 3 widHE XA TS F HFTAFoE AL
al AR

754 i FAAT= ASTANYH(American Spice Trade Association
method, EE5)e &3] o|Fo{AH HAREL ASTA Color(x7}F FE&4 9
A7Zb) Pungency(capsaicin® %), SCAN(ZZ7}52] E9HAZ)  Microanalyzer
properties(©]E3d ZHA}), Microbiology(th &, AlT4 HA}), Moisture(S23 )
S22 AHR 7IEAEE AT FEAAN FEo] FE olF UYT. EAHHI
A Al= Spectrophotometer, HPLC, Colorimeter, Vacuum Dry Oven & o]&

g 719 F4EH HHE EEEA FA BT AR AU
olg@ ol mze FAFY AA= LvA AFHom FFATH AHA 3l
TANY B BEE3E oy 3o 1ItE FAA FH LI HE
44 X 2471719 B S oA APl gle ALz AlgEY. F1
2 g 17T R dFEIAE EE6d JERIAY.

. =7l =9 b4

Z|E Y=ol JiEE ZHYH EAHA ¥ FASHL FHY ¢899 F
WAk 139 FFHol F4H "o =3 uF Auld i3 Au|e] 3 Ev}
zto|7F 7] &4 Zlexd 7HeAdL fle FALeE AlsdY.
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H 842 AL FAYLY Fa% AR Hi Aot

ZH9 EF BEAYUE o]&3ld 3FrFe FAEALL FE3] AMAHYUA H
7Vet7] A e 44 FESEHE Y3 FJE + e F4EY YRy &
Hol FaHt: F8328 WA 1ZEIF FHAEAHELE BN WL FH
3t A}t

1. 159 AY S/ FH7PHE

AF7A AnFe JBEHL AUHAE ol g Yolst g st
Aed o] WEe Azt o AHn 2AAN ) wak 2Pt AT &
Sl @He 7HAn ok @8 4 2A7)(Sony XL-75 FHHE CCD7Hv 2,
Optimas 51 3424 ZT2IY)E o848 nFol JYSHEHL 2Hyo] W
=3 Ese Ane Yold F ¥y ohe} GHEAFY ¥l T TL &
$% AEE YA AFAFoE 239 JYTY Frhpgoz AYsgt
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eh, A7} T FEH %L € & v 890 v =3 FEHUFL 157}
Fo FFd AFHA FEL Fo AT AHE FAE 1 U7
A AN S Yol FYIAA AT UL 7HA ok )

8 K
i
9

o

....17_



ole]l WAZA AHEHIT Qe FEZA U APrEAZEY, A HAAZ
4, Karl-fisherd, ZF¥)E & ol4dte] $EEML & T A uZ71% &
B z2guye ggsqg

7F, 484y
D st 7t x iy

S % Aluminum disholl &7 (YA Z 7] 05mmeoldt FE)E ¢F
2g¢ Bx AF3H 105T, BTN 7182 ¥ desicatoroll Al 308 3 o
& FAE 2ol FEFFE 7IHIAY FFHE F717F oY AESHoz HIdA
ZAINE EBIIEA e wYoz biEdo ZFI P

In

2) A 7Hgdz Uy

82k 13 Aluminum dishel &7 (YA I 7] 05mmeoldt AE)E 9
2¢ B A3 80T, 100TA 5 - 6A1F AE A} 7FEHZE £ desicatord
A 308 HiT Og FAE 2ot 235 FEFEL TIAL

3) Karl-fisher methodoll &% 23 F=A

Metrohm(Swiss made)-Karl fisher 7|7|& AF8-3t WA F/H5 20ul& FH sl
3-8 KFAeFe A7LE T3t KFAI%# MeOH &4& /% &7 05¢
Bxe IX7HFE HIY EFFET F AP KFAYE ¥EAlAH 1&7tS
o ¥rd TEFFE FHIAG

4) FHY <3

0.5mm ©|3t2 EH% IXI71FE 20gBE FFst B 4012 &+ toluene
€ 150mist EFS OF F7], ¥4, FETHL dF3A AN AE JtdE
¥ IV FEEFE TIHIU.
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3wl ©E MR FEFFL Eld YEAT 1E7HRY £
. WM U XA wEl O gko] & ol Bo AR o= WY
& ARy mat dg A 2 2olrt e} AtgdEth

105C-Dry 95TC-Dry 80C-Vaccum 100C-Vaccum  Karl-fisher
15hr(%)  15hr(%) 6hr(%) 6hr (%) (%)

AE4Ad 1006 7.14 3.96 5.33 2.68
AE9F 1151 8.27 2.81 6.17 2.69
BAEUAE 1095 7.78 3.23 5.59 3.25
T 11.07 8.14 3.02 5.64 2.88
BEIY 1024 7.08 3.11 5.69 3.12
TU4F 7.85 5.25 2.35 4.09 2.44
ARESF 1111 7.85 3.13 4.22 3.10

ol WH F 105T-HAU7IEAZRYL 527 71dBREq WUyd F FAE
i A 1A AZRAA FFHE T3 FEFFE FHEHT AT, 71E
A% @t AlSHo 2 Ag FAV BARAM 71E AERAE VA HA
ot 2y AL kA BPon, &@x 7tg dEe Alg FATE ALY 9]
7F g £ 1582 A 889 FEFFE FAINAT. & 105THAA 15
AIZE ZHEZAZA], S AR Mo] ¥WAEo] f=Hol9 T E Ao YR A
22 AAF7] HEY 2EE BTE Y30 FEFHL 2H3qo}) o] 13}
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FHL 73] oG
AZx WRoE FEIFS FHANE ol EA 7L A 5o
APHo s B3 FHZXZHE R0 880 thE #HH-E 2AA HAud
FHS Este A5E9 sESFE 23S 43, 7lddzx o

o ola] Lo U= L Aolg UehEE ¢ F AAdY. olALE nEIF
FHE TEF W AfTre ARReRE mAULX £3n 44 dEes B9
AHf-ato]l §& 5o Karl-fisher Al%F# w331 7] wiEol AA FEFFHT
A e AoR FHET oldRe AFAE A 7d3R &7 A8EFY F
g GA A2dAM &v|(Toluene)®2 FE3 +EUFE F33= Karl-fisher
HHE AF7IFe FEEF SFANHOR A3y 2R FEdtn AAHFHY

A7, A7y, 2 Karl-fisher W7o ATAFAE AHE
A3 H20A He niel 2. o] ST AuAAE ¢ 2§ BT 5
C, 105TC AA7F91xH AtojdlAgl AT BAE B3, tE PHEDAe
Aol Fa3EE YR

T olfddl AE X3 FLEHY] AL HAE F& Bol /T 1XVHF
ol A%, ET HolA & K7L E A3 JTGENA A FOoEN ARF
TFET= 17189 Fd X} FHHA A HHES AR HHE FNA
7V HEdstegtar o gdEo a2 e LS Hadtk 105CA 243, 3217 4
AIZY 7HEAZES 4L FEEEFUT FRYGADY g8 4L g vnstd
o9 A¥E H3o JehiA.
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E 2 TEIFZFSAYHE Aol H4EuA

Dry-95C Vac-80C Vac-100C KARL
Dry-105T
Dry-95TC A
r 0.993"" NS NS NS
Vac-80TC
NS NS NS
Vac-100C
NS NS
NS
* . P <005 #*xk . P ( 0.001
** . P < 001 NS ' not significant

¥ 3 FHUIA 7P A o3 FP 8 1X7HF sFEYF

Dry oven—method®] <] 3}

Qe ERE 9T FReRe) ok o0
3hr 2hr 3hr 4hr
A Q1 () ;7 635 717 786
34 (FA L) 75 6.62 731 7.92
5 (& 38k 6 5.23 5.84 6.25
A EJA(H A]) 2.5 0.46 6.0 6.57
& 3 6 5.74 6.40 6.84
B5-F 12.6 12.45 13.12 13.59

_21_



27T SERF U vl A¥e B AQWEH 4
: Hol o8 SEUF 2R ARHow Yy
YRt 94 o Bee ez ARed 2

71l faA #7180 A8 AEHEALY
Bl Huat) o2 g olf = FFHHA 23
Ao ;L JIELRE 3o olg M HlF L YEE £3E 105T
7taddzx Wel] stohy] AFHY HelAHL =R23}A 3t

O A7 F40A B ket Zol FR7IEAX 106TA 3412 749 A
ZEAE W FFE kol FFHA & F§ U} M /A A=
UJEIGSE & 4 U4t =3 137150 /Y FE FEL 343 Yo
Aol FEEOAIL I o|F2 FE ol99 AFo] HEH: ALE F£F
HAS olgjd A AR ¥ FEFY FHA] AFFEYA
AA1E 7HE AZXA|ZEO] 3 - 5 AIBYE AVls) B W BEd AECIE AR
39 3EER oz P F 13T FEUF FHLATS FLIA
105CoAM 3AIZF 71 RSt A& S 7IF2E ANBEY FEEFS &
A= Aor AAHJEY

3. A7 F 9 A FAHUY

5] FHyAxe] HJEL CarotenoidFEA 80-85%7F HA M Aoln 15-20%
BT Y40t Nagle 5& FE34LL FHd FoAHYI Friige &
2 F3 71991 Gardner color difference meterg& ©|83la A 3= ZHol .:E?‘l
F 7‘]3"-7]' g g Y1 B3z, A F& Ix7FEY @4 ZE Hunter
a/bft& AHE3t FAP7lY 88 AZGPeH v FL& 7FY 3ol B
o Mg 53 ¥addAY



¥ 4 FH4YT 16T Az o3 F3 8 a3 a2 X 4o

Sample Dry2 and Distil3 | Dry3 and Distil3 | Dry4 and Distil3
Difference Difference Difference
AEHIJI(SE &) 0. 65 0.17 0. 86
Y (Hx]-&) 0.88 0.19 0.42
bE (¥ 0.77 0.16 0.25
Alefel (A x]) 0. 004 0.50 1.07
of ¢ 0.26 0. 40 0. 84
% 0.15 0.52 0.99
Mean 0. 46 0.21 0.74
STD 0.35 0. 32 0.33
A3 AT 0.992 0.994 0.993
Dry 2 : 2A13F 105C A= Dry 4 : 2A1ZF 105C A=
Dry 3 : 3A1ZF 106 A= Distil 3 : 3A12F SH Y 23 =E5F

AE7HE M7ZL 1xrtFe UMz £33 {80 E ol &3 §&H W
2 HNAEFEFEY FFZUE FAHSAH 1T F2AHEZE  HERITH
Spectrophotometer& AF&3te E7IFe] MAFRFLE FAHS= WA=
benzene¥ A}83}l red carotenoid, total carotenoid ¥ 2 3E HHH
Z7HF M4 E F 7MY ®ol ¥RE capsanthin #3FE F3 = Y Fol 3
on, vl=x9 BL< acetonedl LEX7IEE £E3H MAFEFHY FJFEE 5%
3t ASTA(American Spice Trade Association) ¥l 98] nEr7129 MAE
= S8

ole] & @FoME EIIF ALY 2HYYHE F AP AN HYAY, 4
o] WA AL THEE HAFH AMAger =P
=3
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7F AgYd
1) Baranyal®} Szabolcs®] =H

Total carotenoid¥® (capsantin, capsorubin, B-carotene, zeaxanthin, lutein,

capsoxanthin)®} red carotenoid® (capsanthin, capsorubin)¥ Baranyal}
Szabolcs® HMHoll wal 119 A o3 HFIA2H total carotenoid &
A4kl ohg-3 2o}

Aws x 10° x575 x D x 2

Total carotenoid (mg/g) =
110,000 x 10

Aps : 455nmolA FFE 3% #

575 BT TAF

110,000 : capsanthin 50%, capsorubin 10%, B-carotene 109,
zeaxanthin, lutein, capsoxanthin &4 10%2 +A4A €
carotenoid €359 molar absorption

D @ 3Mujs

Red carotenoid &< th2-9 AAikalo) ol3f F3H[Tt.

Aso x 107 x10° x 58 x D x 2

Red carotenoid (mg/g) =
85,000 x 10

Asio : 510nmellA FHE F3% &
1.07 @ B EAH
586 : capsanthin 90%, capsorubin 10% = FAd AR
48 B BAF
85,000 : & AESQ capsanthin® molar absorption
D : 3Muis



Powdered sample ca. 0.2bg

l
Transfer into stoppered dark colored flask

| added 50ml benzene
Extraction for 30 min (on a shaker)

!
Setting for 5 min
:
Clear supernatant (5ml) into volumetric flask
!
Made up to 25ml benzene
l
Dilute extract (10mil)
l
Mixing with 96% ethyl alcohol (10ml)
!
Ca. 1()11,5—] (into test tube) Ca. 1311‘11
d !
Saturated with powered Untreated diluted solution
sodiun borohydride |
| O.D at 510nm
Reation for 40 min (Red carotenoid)

! Adding sodium hydride 0.2g
Filtering rapidly through Whatman filter papper No.4
! Collection middle portion
O.D at 455nm  (Total carotenoid)

2% 1. Red¢} total carorencidg& =& 3l vy



2) Asta method

Imm ZFEL AE F33 I1E7IFE F 01g¥E FZFF F 100ml volumetric
flaskell Wil acetonel.Z LTt HIFS] TS5 & F 16417 T Ao HEA]
3 oy dAEESA 460nmollN MAFEFAo FFETE FH3UTE ASTA
colorit-Z ol o] ALk4d o3 dA 3R

FEYe] FFHEZ -x 164 x I
ASTA Color = — — — —

Sample (g)

I; = Instrument correction factor (AlAFA} o] FFE “ 1 "2 HYI)

L} A8 EH

ol/de] 271x] WHE FHLHFOLEN AP ZAAY, ASA, WY, 484
FAY & 138 227HF E3FEHANAM F o HAEF Y-S A9 F
Baranyal®} Szabolcs B o] 213t red, total carotenoids &8 =L ASTAYHHE
o o B33t 4849 HAZLR dReny, ASTA color valuese= °}3 =
AMe AHESHA] &3 e FHUCY FAFJoEE vjxE BRI de] 1z
IS Fodts NFeE o|fFHI Ae AdHolAA AN A 3ol u}
2 &3 WA Wt dPoz FYdAME ASTA colorgkg AM83t= Aol F
o@e= AR EH.

Spectrophotometryd ol &3 red, total carotenoid & &R dx A A 7|7t
w2t 2 o] EA JEgY F AISEE 24T A 2F A Ad F9 red
carotenoid®] & (R1)e] 3.2 - 4.26 mg/ge EX & JYERAAAT, AHF 73] 10
F AE A o I $FRDE SN £ 2H 176 - 30 mg/g® BT E
3t total carotenoid L 8F AT L AA7|F F< 3.79 -~ 519 mg/gNA 1.87



- 348 mg/ge] EXE Vel A&7t @& carotenoid®] WHIE HA TAE
T UATHIED)

ASTAR O 93 1&7159 AZ-E FHs=H oA s A8 E o8+
& Ao, AFR7|7|d mE AolE HEEdr] A FMF< I (Instument
correction factor)#t-& ZF F3A & “I’"E Hol A4 7] W Tl Hriakd
ANojA Z2FL Aolg HY Zo=E et

E 5 SN & 1FFESEY MAFF (dry matter basis, mg/g)

Red carotenoid Total carotenoid ASTA
510 nm 455 nm 460 nm
e (4;2;@) (6gf;%g> R2-RI (4%2;@_) ung) T2 649203
AEYF| 35 2.08 142 | 433 2.65 168 | 95.04
AEG | 320 2.13 1.07 | 420 291 129 | 101.13
HEQLE | 426 3.00 1.26 5.08 3.48 1.60 | 12655
AEYS| 404 2.43 1.61 5.19 2.27 292 | 117.98
TUF 3.37 1.76 1.61 3.79 1.87 192 | 819
AEEF 404 2.67 137 | 497 2.98 199 | 126.82
W a4 374 2.35 1.39 4.59 2.69 1.90 108.25
STD | 0.0 0.41 0.21 0.52 052 056 16.79

_27._



$H ASTAW T Carotenoid® A Wz A4F FAE +E ZFF(E6)
red carotenoid &%fkol ASTA colordgt® 1% 9 59 AZBHAE vehy
[ I FAAL L3 Zo] BAE & A(T

Red carotenoid = 0.0232 x ASTA color - 0.1681 ( r° = 0.89 )

o9 A2 RE, F ¢ B AEESE 7L FYIA Y3 B &2
A EE 7H3 red carotenoid ¥Fat# ASTA colorgt#e] TAAE TG,
Hop ZMHE ASTARA o3 dojxl FHAE o|&3td nEIIF9 red
carotenoid 79| #ZFi& €A 7+ F 3oz A4dn

¥ 6. ASTA color, red carotenoid, total carotenoid AFe}9] AT A

. — S

Total Car. ASTA

Red Car. 0.804 0.955
(p=0.054) (p=0.003)
(p=0.125)

ol 2] A4¥E F3 benzened AE3 WYL A EZAT &9 VA
59 @A 74T Yedl W) ASTAME Al AA7} folstm hakel A
BEa AN AT 5 3= dFHo] 3len ASTA color#t2 red carotenoid
e 2SS #BAVE e Aoz U 2EVEY AL EAuYE
ASTAY o2 HA3 YL},

- 98 -



4. AX7HF9 7T SHEUH

T3 {33 AL fructose, glucose, sucrose, maltose, inositolo]sts H.Al
7} glon] 2 kol oJA = fructose 6-13%, glucose 4-9%, sucrose 1% W,
maltose 1% W9jolth |3 BAYosE A8 AN/ a3tz ABET) =
& HPLCE A3 fEld B4yl Bol oj&H1 glern £ dAFdAM<= HPLC
g ol83te EMAANDE HANY FF WHZY /TR, EEUA, 8T
Al B vadty 44T AU TEVHFY fElF EAANHE BHEXR
ot

7t AgHH
D EE A

DE7VFE 05gE 47 A4E=t2I HJ F 80% ethanol 100mlE 7138t
1A B¢ &Y. o] FEYE TS o83t B4 A]7|L ethanol
€& FIAZY g AZX3H HPLCE 32 F$HFFE SmlE AE F 02um
membrane filer2 33 HPLCA 10ul-& FU3HAT. FUF #FFL  glucose,
fructose, maltose HFE 3o ALFE, FTIFEHFL glucose, fructose,
sucrose, maltose FHFE T3l AL ATHET).

¥ 7. HPLC 717134

Instrument Model ; Waters 510 HPLC pump, U6K-033369
Injector; Waters 410 refractometer
Detector ; 746 Data Model

Column Carbohydrate column (Waters)

Mobil phase Acetonitile : Delonized water = 83 : 17
Flow rate 1.5mi/ml

Injection volume 10ul

Detector RI detector

Chart speed 0.5cm/min



2) 4 B
B Y3 115A18 05gol 80% ethanol®<d 50ml 7}3te] 6A1F JBFA|FIZL T4
"i.Q:

LA E2(10000 rpm, 15C, 40min)std FHYRE FAHSAH. sAHE ZA Y
5CAXN ZFYF 73t ethanole E5F FEAI F 2mie] FF/FE J7H6Ho
AE2E tubedl Wi chloroform 0.6mist & EE° & H ¥Y4E#(10000rpm,
15C, 2min)E 3 XA BAE AAHSNFELY, 2 F 045um HPLCE filter®
o7 sta] HPLCE EA3FTH(EB). BYUF =L glucose, fructose, maltose
steke I3t AHAFEHA, FFEHFL glucose, fructose, sucrose, maltose T
£ 3o AL A

# 8 HPLC 7|74

Instrument Model ; Waters 510 HPLC pump, U6K-038369
Injector; Waters 410 refractometer
Detector ; 746 Data Model

Column Carbohydrate column (Waters)
Mobil phase Acetonitile : Deilonized water = 83 : 17
Flow rate 1.5ml/ml
Injection volume 10ul
Detector RI detector
Chart speed 0.5cm/min
SRCLEE

fEld BEAA ZF wie] F&80<= 80% ethanolZ2 EY3IY, ooz s
YA FE AT 1A1ZIIH vl&] By 62100l A BEE A ATH
o7 YHAL Aoz MAE A|ASY WHEBE chroloformo 2 2§49} x4k
& AATTE Aot

FEUH OE WEY /AT FFE HHAC uviE wHBe Wi o] AHwh
Ho g2 FA JeElGTHEY).



¥ 9 A8 FEYHE IXVIF F9ET

AREY  FUF ARAY  ARYF  ARGE HEEF

o A 1287%  11.81% 18.03%  23.1% 16.79% 18.44%
H B 2178%  16.98% 23.43%  28.82% 22.15% 23.24%

E 10. A8 FEU4HA 1 & fructose 9 glucose T HHd EFHH

Fructose Glucose
IFAR Method A Method B Method A Method B

Mean STD Mean STD Mean STD Mean STD

AR FY 836 - 1288 071 4.47 - 723 0.36
THF 6.74 023 944 0.0 406 012 598 0.12
&4 1022 009 1337 022 6.27 0.26 823 0.12
BEFF 1330 - 1655 - 959 117 1209 -

AEFE 984 004 1289  0.12 6.15  0.08 800 0.07

AEFF 1099  0.24 1433  0.60 099 0.28 7.39 0.06

159 Fd B fructose, glucose FA g thid EEHAI F oy 2F
5% olWelnr EA Azte] Ay oM E 2ol7t Qe Aoz UEhgtHE
10).
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T "ol s EHE KElF FEAlolel ABBA A fructose, glucose,
sucroses= =<2 AIAJ[AE VEMY 31F9 #IF F I FFo] A HL
maltose2] A%+ ATZTA|7} il ASE YEHTHELL.

¥ 11. HPLC A8 A vhyd=z 239 |RelF g0 ARdA

fructose glucose SUCToSe maltose
r 0.96341 0.97277 0.89897 0.55137
P 0.0020 0.0011 0.1010 0.2568

ool A 23TF YolH Ao WA BAHYAT GAZHRY o
ol ARE BENT & AT FH TuAN 2AY QWA FRYol A
HAE 1271F T 2PPEes HFsqct

5. IE7HF9] Capsaicinoid &% WY

2% F4 U3 Hine F3FHoE 17T Z3EH Qe SR
ol3te] AAE = FolBR o|F YR ¥ FHATIE 2 ol TRHI
aFe] An|AdEQl  Capsaicin® A|-8/4olx F-2o|n, CapsaicinoidF2e] FFA
T capsaicin, dihydrocapsaicin, nondihydrocapsaicin 59|32 Capsaicinoid %=

=
FFse vl F= 394 7)A4H o] o851 glorn HHHoR o|f4EHT
WY E 2+ Colorimetry, Spectrometry, Paper Chromatography, GC-MS$} High
Performance . Liquid Chromatography(HPLC) &9 <l3] ZA3= urdolr}. o]
F2 A o EAYI) Y or HPLCE °l 839 Capsaicinoid®) &

M2 HESZ FF, AMAY £ A2y g zo|FE vlmtgon,

...32...



T2 139 AR A% FHE, AZXAE § 15 FHHF 7 8L
X 4o AP ES I3 EFEAHEE o8l ASFEA S
F A PHIE ItIAH
oAt} o] TF9] uv)-28le Capsaicinoid ko wat F9=H3 o] kg =
e WL B2 AFAS 3] gFd T477€ AHESY BASHL =
BT AR AANC vay GstA Aol s
HPLCE ©¢|83%td 132] Capsaicinoid 2AXHE& Yt HPLC—'?'-’E;‘% #
3 column¥inlA] p-Bondapak(Waters)® Lichrosorb RP-18(Merck)& 8|23 Z
¥} Lichrosorb RP-18(Merck)e| &2l&°] 2R 2E2 UElgt. HPLC £4& ¢
3 o] FAY A= glojA{ = methanole] B3l ®7F 31 HEEAIZKRT)o] W&
€2 UEIS S, methanol® ¥E& 65-75% W73 HES A3 70%0 A
Capsaicin® Dihydrocapsaicin® 28 %7} &},

L=

o2l A3 1E7HF Capsaicinoid 24& ¢ A¥EHE U7 Zo] &Y
3tATh 1g2] EZAI89 aceton 13mlE 713t 5A13F H<QF REH30T)S & AR
HE FUAFTHF7IZ $F3AY. 58 methanol 2mlE 713t 0.45um HPLC
& filter®2 AP T Sap-Pak cartrige® F3A)1Z] o2 HPILCE EA3 ¢}
HPLCS] 7143 =1L #1240 e ®le} 23, Capsaicin® Dihydrocapsaicin
o] EFEAIYE SigmaA € AFE3gon A8FE D eluentFA L |ujEs 25
HPLC8 S3AI%E AFS-3HAT



¥ 12, 2FAA 9 u]j&ut AEQ capsaicinoids 48 9% HPLCEZH

Instrument Model ; Waters 510 HPLC pump
Injector ; U6K-033369

Detector ; Young In M720 Absorbance
Intergrator ; 746 Data Model

Column Licrosorbe RP-18 (Merck)
Mobil phase Methanol : Water ( 70 : 30 )
Flow rate 1.0ml/ml

Injection volume 10ul

Detector UV 280 nm

Chart speed 0.5cm/min

20 AYEA(DA(A), EALOP), LolL), ERF)IE 3} EAHE o
g3lo] ¥ NET 202 98 2H F SASEA T=IWL o] FHEE
N7t ZHENS § 2 ok 2329 2ol AAdEs} X o] wa o YE Aol
agAe AE AL B 5 UATH

3] 44E ARE BTAFNLATLNN TH ANES0 2y} ga
ARRTD 2 Aoz Uehon gdEd 44E NEE $Y HYZPESEE
78 N8RS 277 Ze Aoz vy



[ p
? 4+
11| T
0 |
KF oA
oJ i
= -1t
-9l A
-3+ * f P—rt * | | | | 1
-6 -4 -9 0 ¥ 4 6

2. LT FTHEA

a5 ARES #Y, A, B2 FHHELEE 78 AH A0 FFH|E 489% -
72.2%2 HHE JEI, 1349 FHFUEL 194% - 418%F RPeH, E
Ao FHHEL 6% ~ 124%2 YEgt. ILFH Y FHujo FFH|E Atole 4
FHEAE =2 Fo A#BTAGT = -096, p < 0000D)E Uehlio] N FFu|7}
EE TF Y9 FTHFHIF HolAE & 4 AU

1H3T Zo] dF-E ANEEL AT Ao FFHJF A H oz b5 W
Aol BE3t lovt TFAE F FF(©23, 24, 25, 46)2 FHuo] Fu|yt v
L aFA e FEEI7E A v U8 ANEET FHIA FEHEL ¢ 5 U
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o oS FAEREH duFe AuFHu|y} & 13UYS4E2 p2stRe S8
R AHEALEAAT LT BAY) e 225 32 4
7 & 11FE A9t Ao v et A}

15 20 25 0 35 40 45

= 7.26%91A4 11.29%2 YEelgted o
HE FEE Bol TR A5 SRy



Qao] T2RHE Sol8A 7198 0T AR7NA 1243t duAZE AA
Uehd Agoltt stxg Ax AFo] REHE TE7T $EFFL 11% W
2 odnols $EUAE WA A A¥Y AYold

4, 1F 17HF A FHEAH &4

Colorimeter®2 133} E71F2] L, a batd 3% ZAF 132y A
T L3t 3066 ~ 38.80, agt2 833 - 2472, bt 363 - 13172 YEIGOT
139038 agt®} bitol FMETE oFE HESMAAM ¥ F24& Hu
(@4, 5). 127159 MEE L 4893 - 5599, agte 19.99 - 3061, bars
19.99 - 32.942 el

1375 MAgFe 23 ASTA colorit® 3507 - 163. 512 2 YL
o} ASTA colorgtell @& uFoule] Yruizi= AR £ JAHIH6). A4
Hxo & ASTA color 3H2 v BH Og7AA B urel o] 93d Ak
TFAE vl3 B5d A nFAES ASTA Color 3ol A4 JElhgTh ol %
Aol HiFo] 0 3o MAFHL AHFJ7|T0 w2t ¥IEE & F U
i, AZ7IZke] HolAFE 3o MZAL WAHo] Ao AAEELE & F
AA ).

R13o= a9y 4727 1x7t% A7 1eglal ASTA colorgk Abole] A&
ZAE JEMUY. 339t 379 L, a, bat Alolel ARBAE EAZA U
Elg B AP ALLE TFEARS MZE 17T 4ZL d23ed oz
o] ezt AAZY. AT HA AFo REHE TEIIFEE B A¥d o4
¥ IX7IRATE QAZVNIE ofF AR gfn AN 1F9y e Mo Otz u
7159 Mz AFgHog HJgL Foat AEET)

ASTA colorgk® LE71F9 L, b3t £ ABBAE agtd= R A3
Alg Uetho] x7He: Mol Forn B2 MAagge] & Aoz HYrigg
o} 3tX|gk 139 agt# ASTA color@td= ATFFAZF QA



£ 728 2T L, a bISNS AolE AWBH, apte) ole HAA
gt Lgkah batel Zpole Al UEhRTHaYR). ol TE7} nlAsA BEAEHEA
12712 QA4S APETA 8 el daols AR, oo goE BE
Ao QAo the MHsel BE A7t F o Yastes YA

. ' " w LR LR ' & - [ -
. [ oy - el i . ' . . gh - -
. 7. i Jroe- . R LB — . - ! - - g .- 1]
A F IR - 'l:'-l v - .‘41' r - ."..- .-..:; - - alr . : - T . o " h- . gt . , . . .
! . - - " [ -, . . i h ' b= = -
= - ¥ rF"’ - ol iy \ . P - Ty : d .
. . - .- 1= . L . ; : 1 T - L] " - o
1 L T ! A ) -y ‘- li.- mﬁ ) | 1 &] *H g : .. . : 3
Iy r _ a“ . - a d . b =
et . [ 'J ) i -,r.In‘-T - H i n . [ r L _J ) I
e i - O Rl Tl I 2 . . ] o -1 ' e v,
- it L K L L e S . : .
, h - . 1, £ < - . v
Y ) - » - . ...-p': h e ._.-u‘L .
L] . : )
-4 t )

.

3¥ 4 139y agtdl ©E Mg



3

8.81 1056 13.06

O%" 5. 1329 bk wE M3z

_ u (S4th) umm

118.26 163.18

3% 6. I157FF ASTA colorgke ®3le] @2 m39] A 3}
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180

10]00 VLISV

w2 ASTA colorik

AR

ag 7. A
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X 13. 152y 42 31x71% Z ASTA colorgk Alole Aa#A

a8 xR
L1 al bl L2 a2 b2
al NS
bl NS 0905
L2 0.406™" 0.320° 0.502™""
a2 NS 0281° NS NS
b2 NS 0436™ 0527  0.742"" NS
ASTA NS NS  ~0530""  -0658"" 0699 -0.486""

L . P kel S TR R il L

NS ; not signoficant

"y P <005 T,P<001, TT;P <0001 7"; P < 0.0001
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5. A&7 FaBTEA
6271 ILEZF AR #F3F & fructose, glucose, sucrose} total sugar
B[, fructoses 7.26 - 14.84g% R, glucose= 2.81 - 8.52g%,
sucrose 0.16 - 351g%2 A8zl & 2017t Qe Aoz JEelgri(EE).
total sugare 11.78 - 25.87g%2 YEon total sugardl d 2z faFe 3
=H| = fructose, glucose, sucrose®| Ws} ZtzZ}t 59.5%, 305%, 10%=2 U ERL}
fructoseZt 59 FHEH FHZ ¢ F AU

6. 1L==7}F2] Capsaicinoid 4

3137152 Capsaicinoids¥ &€ capsaicin# dlhydrocapsalcmi}%k-o- 33 Zro
z AAstg =4l Capsaicin® & 0.09 ~ 217.4mg%, dihydrocapsaicinﬁ k2 337
- 1409mg%, total capsaicinoids® 2.34 - 3060mg%=2 AlEze] zol7} & Ao
2 JeElYt(ER]1). A8 F X%, 33%, 79 59 FFL capsaicinoids¥sF
o] ¥& Aow HrEHoew YFL Capsaicinoids FFol A e} wj&st
ROl BT FFLL & F UdH
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A14d A A
1. 5 H4AE?

27t A= AFe 2L AAlY L3NNG, G, £, F2, v ¢
A FoE ASd dg AA e E 3T H ghgo] AFERAE AFA HoA <
A8 AL do2 BT THAA A2 ZEL2E Z4 7] FEd w2 34
¥ AE7|Ed oM FRH2E HrhE AoH(THI). HIIM HEIIEL Hs
o 2z Aok FE Aoz O A9 wFH ol JUEE TFIH, ¥FEL
B3 TLH =57 Zolg VI WY A2 2HE 4 UY. 2YA o|HF
A9 FTAR HI7lE A/l AU oy AL FHEAO: HAYR 4 3l
EE #5HA 2499 F8EE ZdeFe Aol @EHA ¥ EHoin OgH
ol s 4 Ut

o ABAFA g=3A st I AFA HF AEAAE A TH

o u|Ztz vt FZk3 AA) Al 472 aglz 2 P(texture) Fol T

71824 E ol ATt
o TFHAL 8F T} HIMHE SAAIH
o ol HAHE FF HFrPrIEE YA

LEMES BFEH EAZAL TA 989 A7EA @FHA Wi oA Ho1E
T AT

7y, vz} 718 % ZAHConsumer Preference Test)
28|z} 7|32 HAE JARAFA i $ AR 48] ZHeA o] UAe AMEE S
A ¥kl AT e FL JZEE XA, AEA g3 oA 9@ AHE9)



SEDIEDRE LR

l
G — =, &, H, ¥, o], HH
)
AEEX
!
= — A Fo] WA FA LA (Sensory Quélity Attributes)
— dF ———-- B, W, Y=, &7
A - F%7], @l A, =du
% oo o, s, Ao, s
L2287t - AT, B4, v, 214
3 B
A o
——— ¥, ‘4zt gtel Tk, WS BTy

a9 9. A B A4z



ERAAA E odES golE 7] AT HAIE 100 ol 4HA #dg I8
2 3o, AR} 7|3 x HAMR A= 7R ol9jd HAa Y Fulsd 2 A
H, 7Y, Y 59 dAAE E FELE ITFHAA L& AAE AFAIE
met B53tq Wdte BEE Bt AAEA EAE & ok JAMHAd s F
o] HAFEE F1 o Aol ¢ F& XE A3 olHIIZHAN HASI) 3 -
5701 7% AHAHR] 715 £HE ZAAS= oHIIEHAL, Foldtn 3=
BFEE 9 FHxd 23] Hotsie 7IZHEY Fo] AT

. x}o] 4 ¥ HA} (Discriminative Test)

2o A HAE HAFEEZHS AolE EAHHLE HASe WHeE A F7/
2 z}o] 24 AHoverall differerence test)9} & =xto|ZHAM attribute difference test)®
s & A FFACIAA A ALY FAAAHQJ] zo] FFE AR FHo=
T AAFEZY zolrt =X E BEl= Yol HAKsimple difference test), 4F
A AHtriangle test) B ¥ -~ o|H HAHdue-trio test) T°] AT EAF Ao HAL=
FolZ 7R FL FH7MA EA4d diste HAFE SO oRA UHEXE HIHs=
AALZ F AlgTE dideE EAatolg Hlasts ol v HAH(paired
comparison test), A7} ol HAIESY £ E 3= &Y (ranking test), T
A HE=UAN EAFEE A2 Jehlis HH¥U(scoring test), & HAMES
717 AAFET B3l H4E Ades A 88 2 FGAH multiple comparison test)
&°] old &%

t}. HAFEA (Descriptive Analysis)

BAEAZ HARAIFAA AR 853 5A4L &334 2A3 R, AEFY
A3 S Ft TLE #FFH 54L& ZFs%e 7183 R8E A Fdy,
d8 R 7FExo] AlFe #ed SARZ ofRA 98E F= AE Lol
=8 E¥o] He #FHAN HHold. BAMEANLE 49 zlolAEPA B M3



AA A B A a9 2 AuA7E BE o|RHEd A8 zolE UAIEA
AEEE vz HrgeA de S f3s FAX ol g E43UA &
BE AT o

2. Ax7HF9 @FHAN HH

Edeol AAE #FHA THES ABEA A F(1979)L nEIIFEA ] St
A FFE AEAT g 29 122 74" V1Y grouplE A F A
A Wz Qe A 1EIFE F HYEY MA(FA) wet Fe F
FL& ZAAJ B37} Tl Nagle $(1979)2 pepper pureed] sl FEE panel©]
ANZHH EA-& 3o pureed] HATo T o2t £ 2B E AEIIAT. ©
o] A]8E 1Y% inch Zol9 white glass cup 15709 1 inch Z°l& pureeE A
8 A Hell Fol AR, ALRG FFFAHLZ vFH & AHAA 4 A
A 8.90] Al89 <=9E€ 1(ess red)olA 15(more red)7+X|&}t 1(less yellow)oll A
15(more vellow)Z 3A 1FLe] HFHE Fi ¥rEAH L AAFHTH ot

Suzuki &(1957)2 Capsaicin® vz} HA FAAFE£UA HAE A4 red
peppere 3143l B3R T. =3} Tood F(1977) Capsaicinoid®] pungency
HAxF=-L AA3}7] 913 fresh chili®t red pepperol tiadl 122 589 panel©l
A+ 479 panel group2 AL E oH|FH 717 2 panel memberdl Al Th Y
¢ pungency T2 Capsaicinoid’l &% 1059 H7IA&E A F3le ste] 4
X, 3o AR, ASAHAE T YA e, o9 Pungency H7HH
< ASTA method 21.0(R#5)Z o] 83t 3 A @™ o3 H7lsFAT

o[(1992)ol &3 nX7tFo dF T A B By E AHRYE A3 7]
o] apojoflM 2= Ao THAE A3 7] EHIIE EH3 1FAIEE 35mesh
AZ AHAM petridisholl 22 ¥F9 1E71FE Fol 20 - 500 F2 10088 A4
oF My MZAIZE v FFH JIZE FE scoring test3RT =5

_4’7_



1FE71R 9] F84 FEE g BsHAM diAM= HE THF2LE AR 10g
2 F3do 100E AL F 3087 FQY ©S Whatman Nod AHAA=Z oA1}3h
¥ ozt 108 343 FTHA AEE AAFoH, 1088 B5HA 89
Ao E e "9t E£3JAH 7|3 E ranking test3tFTh 84 FFH ] HA}
Mo #3 APo2E IX7F &g disf] 4 13 HAMA 571A] Alg&
A Asted dEAEE F3 FrHEolE AT H, I Mo A= HAE,
AT gro] disiMes wjEut, aut AF B &3 SA2AE U gYd v §ge
ok 58 AFNEHY. TS 8Xe SHFHE =7e B WZEr] A4
AEA BEY & UEF lined ¥%F H(anchor)E VIITE, LEH RE 33
02 3o ARE v F lnedd AS9 =& EAFES AT vidl F
of A== TEIVF [HYEFE A E Y. £ AAE 93 Y
Alolo] FB|E B3 Aoz 7L Wo] 4o A diE I nlE A
A =eE 3HPor, dFEE o83 HI o g AU YIS A, &
A g g AYAEL £017] A8 AR AXNE WA AAFAT.

3H McComick3AlAA AE-E 4B FFAHE GV o AMEF FA
87} AAZIEH RAF=AE BrHE7] s FEE BoYES dAdE ¥
FAAME AAEEH O 3Ye OS$n Zon A HIMAA 21L& E149)
LR AT
o MEE AT F AFE &9 L HriEt
o MEL AFINAZR YoM EFFT
o Mr. Coffeed|Ale] H3| ARAE o] &3t g}
o MEWMFI} By 522 EZFAE FHo AIRE 30wy Fo} |G
ME Qo TFHA 894 AF3n.
o Ao E 2 A} order bias)E €°|7] Hsl AAE AAcAE vlEH
o 247ko] z}o|(color difference)& RfI°f7l & HL& FH-E o]8-3o)



¥ 14. A8 H7F AAZRA

A F A *E(T) W% el A XA 3E
(min)
A A B (chili pepper) ERIEFZE 20 0.04 243 4560
X g7} F(paprika) BOlEAZE 20 0.30 =3 ¥ 60
w7 23 (paprika) E 70 0.15 Lot I 30
I3 (red peppe) & 20 0.02 g K 60

McComick3 At A F2 AlE-SH e BFHA §ofd did /igdL ol A

¢ buming (Br=x3%) ; 1F, AZAY UE A% ZuasEd 22 EZA 9
8o SRS =AL =7
6 acrid (°}dl) ; Z& RE< 728 WA (pungent)
heat (Mig) ; 1) 15 & FF94 2L EFd :25HULE o Az +#
A APEHE AHoz B 5% AAEA 2 %

2+ 77 A %L v e A&

2) ZAL 4T |8 =&d Ffd veEhes EFFH

E YUtiye o8 AM o f#Z}L A&HA ¥t

, dEYol A A A, F Yol #e EF =&
JAL 9 o, =, AF9 BoA AYE3IA He EF
HH ASHolu ety HzZoz JEAQ HZG

O

pungent (AFFA9])

< FoA QAT e G

sharp (€L ; OFE FFA A7 ¢32L&7 Zo] HAY JALe +

JE 8ol s 2Pt FESHAY nE2eje w

€ YENA 3= =7

tangy (REE) ; L4 st 3§ 2 =7
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6 chemical heat (3¥ LFEL A o3 2 A e LT T
6 pungent (B2v WA ; 13 aFPold & FFdA =AA= B
g Aoy GRS =4

ol Fe] EdZEA A VMRS BEH Hrie A AR, EA, B, VIR
of th3t HIIE o] B 4 3lon, gid #F HriEe FE HAETH WA

of &3t BFrte viE dAY, stell i3 Hrke v sto] VMR 54 HR
3t #ed 842 EAFHNSY, 73kd B HIld M= Mo tE 7]
ZTE7t T8 AAE HFIHEHAY.

olo] B AFdAE LEIVIRY F8 BFTH S 13 IXIMFY F2
A7 o) g5t Bristedd £3E wEen, BrPRLE AolAEHALE T
Zt 549 AU A=E BlugezA IX7MF FHFIE A JI2AEE v
dstaat 3Tt

A2d A R OEH
1. Alge] A%

F3E F 627018 1FAg U3 HME R J3ZE F& 8RB 7E Fa
AAE AIES F71 o Q8 #FHAL 8UE°]l &4 Al8d s FE3]
Zhsled oE |0l ASE & F AU TWHAM E AdPoMe oy EAHE
ZE37] Y3 ol3ety EAMAI w2 AFABE EFE F, EFE 449
A8 groupolA & AR E HdoE HA}A BFHA Al84E 10 - 122 AT
st F HduFet 17T HA LN i T HA = agtol we AEE
ztz} 12, 10 groupl. 2 EH3 H, Z groupdlA & ABHL ARFFPon, 1FEV)
F 584 2284 gie BEAAGE e 5t AR Capsaicin®aFol wat 12
groupl 8 E/FT O Z groupolM & ARHE HEH3A B5HA AJRE A}



&3t AT

2. AnFo] AT 3k FFHAL
AP 12F9 daFE ZAE AAT H, 84 EA42F HA 5 - 8744

Fol A2 AAFPLeH, 1299 FFHAI 8U92E AT ¥ oFE BE
(o}F HAED 74, oFlF W1 o 13)ol 3} Scoring test3tATh 1F9 A4
o A3 BeHAE 33 HHE3A AAISAL, ABA AL £Ad 9% ea1E
Zol7] 98 & HIHA mla ABRHAIY «£ME uHe] AAFen ARERSE

FEE olg3td MY & AN AMESAT. BFHAN A= ™11
velyon #5HA A3t EA4AHEA 3 Duncan's multiple range test& &3 &
Gh 1=

3. 17159 AT i TFHA

AnFE EH-d 40T GIFAx7I4A 12A1F dZ2A ¥, FJogkE
Cyclotec sample mill(Tecator 1093, Sweden)& ©¢]83td EAH3 oL 0.5mmAl
& T AX7IFE ARE ASSAT. 48 IFAE 4- 52 AEE FHES
A Eot2g JALC &3FIL ZF A B YZAAolE FO A FEE F 3
TE IXVPEE UG "o 3 £ UE 1259 dFHA 84S UYL=
AE7HEe] HAMEF B|ARAA AT LX7HRe HME Hrbe st A
&7 Scoring test® 3}gon BEHA £x= aYl1le] JEIR oD ENEXNI)
Duncan’s multiple range testZ ZAI& A3 Tt

4. AZ7MF 874 FEE4 dI BFHA
AE7HE 15ge] & 150mlE H 18t A4 g 7eoA 6087 nyH3 o
Whatman No. 4 A# A2 AT F AL AFSHOZE AMS3AT A8 L
TEE o8 MR MA HZIIF BRAE Fo|gd 0mlY TY HolE |

_51_



o} B5HAL 2 ddlA AFHAT 2100 GEIA TAel wet FEH v
gut i, FLAEE HIBIES AT & dAe Albol Agdl| a2t &
SHA 849 T FFAEALE J4337] e AR FEHO THELNEY
(balanced incomplete block design)& o]&3td AR & AAFAT. F 13 FA5
AAA ZF e HAN 8ol HrMete A5E VIR AU, 1299 AFHAL
2L 12719 EHo R FHF3H 33d 43 VFHAIE AAFeEN FZHo =
Z} ART HrHEaE 1237 HEF . £AMd ©E XM order bias)E &
o]7] & A|BETAE vl AARLH BFHA A THI2¢ Zol 74 ¥
T E o]83ld Scoring test® 39T I A EAEAI Duncan’s multiple
range test® F3 B4

2299 42 VAP F RLASE F7}

!
Folxol ZE i v FAjell R} F=Hr}
!
F&H 9 vhg Hrietr] ol BAFE ULAR
{
AAA A& o F oj&uta dutg 3o}
!
Bt F JAL AA-EHD oo 7HA 7] s AgE oS
:
A8 22 F QS A%
!

Uelx NEE $U8 BPos B

2% 10, LEE F84 228 P BEAA €A

_52_.



Al 3Ad #AFHAN 2
1. 2339} 17159 AT didh dFHAL

A1Fe] 81 oFE Ao #F TFHAE E159 ol FH(ESF), X
(ME), FE(FP)o] 7.0, 6.46, 5922 FL& HEFLSME Uedon, 931, 932
F¥30] 2.33, 2.33, 2672 ¥ HF24& YEHUT. A1Fe Hud BEE &
B9 Fojol FE nA e ufjf F4F FIAEAHORA dutH oz FU(H
FolA AZE) 27} AARE EF5dF) 1FEY Y1 F24o] A3 Fo=
A e AHAEL HE2Y Hue U A9 F24L H3sis AL
2 ¢43A Yo

23719 FHATd #% FFHA Ay B159 Zo| FHE(FY), F32
9439 A&7} 683, 588, 5838 H2 A=/t ®A BUHHNL, BE, FA3E
1.787} 17524 EF&4 Fxr) o4 Aoz AAHJUG £ HAM AHE-E X7
25 05mmAE B33 Ao=E UutH Oz JANA AR TEVIE UAE
o 34 E450] nxUAS AFaA T o d1F TR gHAHETE *
A FyAo] Bt} A3A AAHAY. 2z d s 2R YAV
& MAAEFHE B3} LXVIE Hd L 712 Ax7HE dAEV] XXM
29§ A8 Aol

2. 175 Y B3 54

1E7159 29, Capsaicin®®, ASTA#TY TR7MF £8A FZ2E 93
T84 Bae E169 YEMUY. F&9e] 2 Fxd i Hrke A8z
o] ztolw FHRI SABVEY + Uon, ASTA#U A LHS BAE RBolz §
< ¥ F ARy, wlE dAd ¥ Frie Z+ A3 ol AA A &
v Zo® UEyY. IXVME FEY dF G2 S 4 A8 F3R%
apol€ =71 B3e USE ¢ T UUeH, oA TEILF dut AEo| 1

FoT EASI, TFHIIA Estes A3 b A F=d o o] U]



2(6.50), L EF(B.82), BUGB.T), FHGBH) T Aoz ujgule] 3ty H
7t A3, Z3F(3.25), 332 (3.18)= njeuto] ¢k Alg=2 WAHUJY. 157}
Fo] w3t FJEQ Capsaisinoid®] #Fol & A|8dTE A FHozE FE54 9

st A= A FUHEHASE € F AU

3. 38t AEXAHT B5H S 4EBA

Aot 7o Mo tig &2l S 2] Hunter L, a, b, al., E3k¥}
o] AABA(RINE ATEY, daFY BHI AFEAHEE a b, al, Ed
0.1% el =& Fo ABAAE UHed o] ol SHA7F 139 ¥y
NFE AL F, AL FEE 3T 5 s AEV € & USE YA
7o ML L, a, b, al,, EFE™ &4z 5% Kol loA Aol A
#AE YERlo] L, a bokol BEF & AB7E ZRIIFY HF2Mo] A RAe=
HB7lE R/}, =3 17159 F£3F Capsaicinoid, ASTA #7 F=5q4d9 st =
FAA ke FRAA = vl &8 Capsaicinoid AE# 1% RATT9 &
H4BBA (r=0.83)8 X o Capsaicinoid %ol & A7t FAdFE nj&8lo] 7
A =AY @F3AE & JUY. AxVRY 84 FEEY F&AFEE
ASTA#UT 1% KATTY =& FABBAR=0R)E Ho FEA49 HYx
ASTASH 2HT A7 & € + AUH.



¥ 16 et 7R AT g 283 S #5F7l A

AmFe] A EH

Sl 5= 5
L1 al bl Rl 2 a2 b2 R2
FE(B3h) | 3725 1518 898 392" | 92 5291 2955 2803 588"
A{(FA) | 3302 1736 860 567 |[FA3&(FE)| 3327 1408 881 3.92°
A5 (L) | 3536 987 410 646° | AZ(HL) 3536 9.87 410 4.89°
ohE () | 3247 1604 893 4.09° | FRAEIQ) | 3713 1407 753 4.11°
+R%(%F) | 3534 833 413 70° %33 (M%) 31.78 1268 800 343°
FE(gH) | 338 195 1189 3.08° 933 52.86 3061 2954 583°
F9(¢HE) | 3625 1119 590 542° | FE(IFY) 3398 1577 1099 1.78
o 342 3463 2142 1246 233° [2433(d3)] 3740 1345 792 1.75
g 34 3519 2062 1079 267 | A|EA) 4893 2661 2403 6.83°
z33 (AEIQD| 3719 1388 690 433 | A(EA) 3.09 2859 27.73 475
431 3563 2472 1317 233°
FE (F9) | 3533 1243 590 592"

R1 ' Redness of red pepper

*) | The means with same letter are not significantly different. (P < 0.05)

RZ2 ' Redness of powder red pepper




B 16. IX71F FEH 9 o35y - Az 54

. = Chemical property Sensory property
"o TS Cap ASTA R P S H
(0%) (mg%)
FA3E(AF)| 1852 711 68.14 267"  433%  400° 318
2€03d) | 168 1365 5871 3.75% 467 418 467
FR(R3F) | 297 2176 4026 3339 3929 427  4.00™
Z3(E%) | 1282 3282 10363 50  3.75% 375 325°
ZZ(E54d) | 1851 41.05 10560 533 475> 370° 409
NEAAY) | 1468 5355 11826 5.33%  3.92°% 378°  4.64™°
HAZ(EY) | 7134 7105 101.33 6.0°  408°%  400° 525
Z3(F9) | 15633 9096 107.80 533 425 367*  550*
QH(AME) | 1310 12143 100.72 525° 508 327" 582
JoXk(PY) | 1756 15476 61.28 325¢ 35 364  575°
332 1367 28028 113.77 408>  6.42° 389°  650°
AA(AL) | 1310 6734 12995 517% 50> 3600  391%
TS ' Total sugar R : Redness of red pepper extract

CAP ' Capsaicinoids

S | Sweetness of pepper extact

P : Pungent aroma of red pepper extract

H @ Hot taste of pepper extact
* | The means with same letter are not significantly different, (P < 0.05)




_Lg..

¥ 17. A3 277 o|wty - W5y {gAtol9 JuwA

Chemical |

|

Red pepper

Ll al bl alLl El

Red powder pepper

12 a2 b2 al2 E2 TS TC ASTA

R1 NS -091° -094™ -0.93" -0.89°
R2 0.71° 067" 066" 069 0.70°
R3 NS NS 0.78"°
P NS 060 NS
S NS NS -059°
H NS 083" NS

TS : Total sugar R3 ' Redness of pepper extract

CAP : Capsaicinoids P : Pungent aroma of pepper extract

R1 : Redness of peppers S | Sweetness of pepper extact

R2 ' Redness of powder peppers H ' Heat taste of pepper extact

NS : Not significant alLll : al x L1

al2 : a2 x L2 El : SQRT(L1® + al®* + bl

E2 : SQRT(L2* + a2’ + b2° )

p < 0.05

“ i p <001

™ p < 0.001



AnEel ‘BT ol FE o e T HPA
gy, o A

* AAIE DFAIEE BA D 4272 i =702 yehls Zd V BE 3)
FHAL.

MERT | 0065701116 1510 | 730 1 355 | 371 | 966 | 720 | 589 | 533 | 141

o} 7%t

HEo g HETY

o2t 7Bk

% zrolth

ofzt ¥ #oh

H5o07g vy £t}

ol ¥il T

Az7HES] “H247d ti g A=A

* AAE AXTHFE BAILL A7 g =48 Yehls 2ol V & 3
FAA L.

NS% 570 | 116 | 510 | 730 | 355 | 371 | 966 | 720 | 589

o}F Zsith
ngow 23y
k2t 73Th
Z 3ot}
oFz} oFsich
HEo g oslt}
015 ety

:Lf‘é 11. A3 % Ax71Fd A TF5H8A £4



7R 84 FEYY ‘FLAT i d AxHA
AR E 9 Q3

« AANE ASE BAT 474 Ug =28 YEhiE £l V BAE 3
ZAANL.

AlgH s
=7

o} Zshth
BREOoF 713t}
obzt 73tk

Fzkelt}
ozt epsieh
HEog o3ty
o} sttt

12718 544 2309 “edAol e FEAA}

« AAE AlRE BAID wfEEAd dEd =22 Yehle Xl V EAIE 3
FHALL.

ANEHE
7

RERP
ugoz B |
oFzt Zsioh

Z7bo]t}
oFzt oFsirt
BEo 2 o3}
o} oFsir}

|

- K -



584 2209 “Bjesto] U FEAA
oj £5to] tig =74 JEhlE Eol V EAE o

HE5o03 73t}

%t 3ttt

s toltt

°Fzh ofsiu}

HEo 2 oksr}

o} ofsir}

FAFg U Th

9 12, 1271F F84 FEY A3 Bd5HA &4



H}Z AT AFAXAAY A R @77 BdA = €8 FiE Ee V)
FAF FHAHEE €948 € AFY 4FH 7M1 SAEHA &L A dd] E
g H o8 BT AEE A3 WREAEE AS3] 3% 5 s WHE
Wl ARSI AedH olH ¥ Tled H|mIEARYoldt T HHAET YL
Ao FHASE, A, &, M, AT vhg 7td Fo 3L A= A
gon FAO a9 4Eol UEEHA FHHEERE AXFH T Ex AZHR
A AFHAE 7Heg B ol e S8 EE AMEEA] wenE P Fol WA
H7lxE o O3 ST AR FEF BHE AT HEEHER S ¥
2 Alge AR ¥ 7HF Fo HYHE S 7 At FHE U EF
1960'3 Norris &+ Ben-Gera©l &AM /o] F=2 Bojdiry F{FHE HAM
o]&-5 1 3= spectrophtometerg ©|&3 4FY FALE FEHA =FHYA
2338 A = Near Infrared Reflectance Spectroscopic Analysis (NIRA)= H|1X
A Y FUHLEA O o] A3t AFEAANA o] &FHT gl

g§4HEAL  spectroscopye] ide] Er|e EAUAEA AHAFE FO
spectrophotometer& ©|8§ % HESAHANA Yo FaEo] Yol & o]&HA £
d AL G4 S S £33 ol YHE HAYPLEN o]l EFY 4
o] 7F&dA ARG F, W& FHANIIA 1 EF 4F HFULNe Wwe =
ARAIZ|E O dhFe EFSY F4HI % dEe B dAIE ALY E34L
dA E2dHo| TA| WALEY. Od ¥AlEE Fouix]e H3les EAE A s
AEH T TFXd oEIHA " vl AHEY FgL njAE AR
Me i3 B4 F, 349 FE, 2 9 3ttty PE Fo gL wgoes
old| F2|& 7]& N} ¥},

._61_



& 700 - 2500nm A ZHYAL 2500nm oo FHLYME FFANAM F
5+ O-H, N-H, C-H 233 C=0 &< overtone, combination I-&°| }E}
e o2 O FH4Es MY 7EAFTEY oF 108 ol ofdth. Iy
olgid THL 238 ARE FHHEA %1 2F LFEE FFT T AA HIA
on AR ZFHFH FAAHo| LA AEF FHELE o|§E F UL

2. T3 M 889G

ZAQBEAHH 2 8ot 2R | 23 JFE] ¢EHoE Pon JZ
e FE, g, AA, A% FFHK 5 3FFH GGl 74A o] go] &
= 3o

1) ZH B3 &

Ao ALe AW AW A F LxEE A3 dlAdgske 33 Qe
A& Hrtsted ol 8= o AFAFoE PuiH e HIFFA ol JEEo
ATt &Ae Ff= Anrt FL& FFE AE, T3] A% 23] g
=

2) FAHE #E &

SAFLEANE ¥, AR Fo E, @¥F, A 4F9 B4 7.
A= dEFS =4, 714 2 7HEd HFE A7IE€ B3 F Ae 7=
FPEHIL ok Alf 2 FAZFCEAM A2 HEY Fo ditdE 4go] F3 5
I AT

3) AtR O] B3I &

B, A2 T 4EEHEY IF, 715 2347188 NS A AlRE ¥
234 T WAE ZHY BHYe= 33 Yo

...62_



4) AHE B &
g 2 #8e HH BF 712AF ojojM T FHdY T, A, BE F
& ZHAEAY e FH3ic A7t IABF U,

5) Hoj Eol B 4
el ZA$E $UF, ARG, E IIROE Fol 2AHT Y1 A4t
A4E ZAZY % FAHEY 2R BY d77F AYF ok

6) L&, FxF W &

GdZEE, AT, olulkilo] 2AE T lon ATZde sAES €AYy
&9 B#A Fol by @4, e Fye otk EF, AW, S &
ZH3e AxUA 4 REE FEAE QU7 AT TEY TN FE ALRH
31 o

W

7) ARGAz B &
2R3 AALEEE o8 XY, Holy, AP R ALOlEE HX2EY Fo
el A4ARE T F=FH, AF =25 B 771 AT 3o

ol Zol THH EMHUL 7 ARk oM d8&AF0] AAHc=z
QAo BFo] 2 F =1L UH.

THAM BENor= A5 Y w2t 433 U2 FAAE £28 Yo
E ANETFH F NRAYHEGHE d1 7EEHYeE AL 3 g 93 Ag
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AR S AFAL AL F ujxe) ANRE ENSE ok AE5IL
AR EAo] 1F BESA AFs APHL REPoEM £PY AR &

2) A W

NIR 2HEgo] g3t FAge Az oz Agd AR %o AdaHNE
AatHoz HAL HFH HAARAY HSFE Foln HFHE HE3A 3=
P+ WHo M AR Ux, AYE, BE, W =x0|, @7|HFE 52 4
A QAERRYH opr|s v LAUAL SEY 5 YUY ZFHAMH FFLHET )
e F2 nEYE FHKIHed, of WYL 1, 2, 3, 43 H|EHE AEHELEN
Aol HE 2 FFTo #HaloR QA% LAE IS4 e F2 W
Hos o851 gt

3) AAEA

Alge] RAFE d¥Holx i FFEe UL s vla =3
ol 3}y] df o HPFAY FAJL ddFd AAEAHHE AHSEol d4. HAEA
de A A¥AART gdFAYeE Us F v J¥3AUL Bue
ARAAYo 2 A WHEFIIH(Step-Up  Regression)™ WS4 (Step-wise
Regression) 8.2 Uy ojAg BaFridoes A AY(MLR)O] U3 o v
o mjEe AHWSFE fFT3= NomisH Ao JUtt dFIAYLzE REHL
AFHPLS) € FAEEAHPCA)O UH. FAEAHE 3Tl slo] L3
Ay FL2 os IAAY F oEd AAYPE FH Lo sl A& AAs o -
A HES AR YH ot A= 2% g BFide F4
T2 (PCA), FEILAFHEPLS) & L& &+ Ut

OGF A ARAYMLR)S FF AR =t FFE+87F 5534 7=



EAo HL3o FFE WAyl FAALET vBsie AHAHA SH ERA
A woln F2 {KI7|E B4 o|fEY OFIALH F FEALATES X3
BeEle FH To=E FA4o] o A+ H FUIE T 2ol HHPHLE R
Aol 7132 Fe HESY FH #8F HHolH.

4) HF

AFAE R & O JAFH JAAHE Fdiof A AHRE 4 Qo HF
jole HAE(%)AE v Ad4EY Fol Aed HFA FHgA dutzo=
W7t S7MEFE ABEs FoAU AAZ JFE 39, ¥FAFed Frtde
AZE 3ol O FAE L AT B BAER A7 FUBIER VM HET
W9 Adgo] Fasit).

5 d&4EA

ST HFA A4 € HAFZ 38 7P HES HFAMo] dojxd ni=
A2E A% dAEAM(routine analysis)€ 3tHETF NIREAH L E7FHQ
86 FEgE Loz Z+ AEF A U= B E4xHo] A of . <
FENe F834UEES A AdE4HY FE7E 8490 opEt: &4 3
3 AAE AS3HA(Y4HR) € 4+ oy FAHC o4 FHABAA & 5
< 7IF°l ntdEo .



NIR Spectroscopy
Calibration and Validation

Multiple Samples Multiple Samples
NIR Reference NIR Reference
Data Data Data Data
Data Data
Pre-treatment Pre-treatment

Statistical Model Predict from
@ Calibration
’Equaﬁon
Evaluate Calibrationy
Statistics
Calibration Evaluate Validation
Equation Statistics
Calibration Validation



A 2d AE X WH

B Ao ALEH AR Al 28 ALST AR FUTH

2. W
7h 239 olstetA B4R
Al 2ol AFE 239 oo SHEA WPl s EAsRch

TTAE oF 5g& ZHYAH LHEFY FHE AIERI| 1 AT FHU)
[(NIRS Model 4500, NIRSystemAH ol 3%
3 T NSAS(near infrared spectra analysis software)XZ 13- o]£3] 1300nm
A A 2400nm7tA] 2nmzZtH e FFJEE S BEAVEAE 33T

n
KT
Jju
I
ol
&
o}
rM
i)
o
2o
o
OE.
Shis
1x
\d

=X EFEAMYHE 1F9 ZF FHAAZEE S M ZHYHF
o] A% H ATFFXI 5 T AP F/do| L3y o|3egH EAut
Holl o3l E3E 2, YA (carotenoids), ME(TLFE7IF S B3 ET) #
g, &/ (capsaicinoids)®l #¥ZFE& ZHPWUFE du S HFAdM FoH
FZEE THEUTE 3o IFIAARY ¥ FEIHLAFENE FYs AR
3 AT BAVEAL FAH3GET. ol EAVIEY FAAHL Yid ABE
45702 HF4 F/JAlE(calibration set)7} AIEEYon EA7|FE24 e AITE
Lotr 7] 3t 17709 A AP A E(validation set)ol] HR3te ZHJH EA
2] o} 38R =] 7te] Q@ 2} (standard error of prediction;SEP)E T3ttt o)
d o|3}etA HrhHel o3 @ Ao NIRo) 93] A28 A3} Alolo] A
B8ACE 7V =& HEAE 7] AsiA 23 ujiY £F xyE gt
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IE7MFY EEA Fae Al 2% 284 Jehi Ao

2. 2A9) BFEAY A 1o FYHE 2

z} Al82& NIRY o3 83 A& 3A FL log(l/R)PE e FFE=E X
A% 2HEFL P40l YRR o] 2HMEYE ERYRA JAsE 22
9] bandE°] A3HAl FHEHOJLER ol& 23} mlEAE ¥ SHEH(IHIDE
T4 ALEsiHT. 22t nEAEE @ AlEY Z2HEYHL 15949 o]
1450nm, 1700nm, 1862nm, 1950nm, 2050nm, 2272nm, 2164nm, 2258nm, 2320nm
23N #@AR FFE wWolg uUrhiUt SN #HslE 1400nm,
1900nmE=¢] F59 4 A(capsanthin)dlA f3 =+ 1700nm, 2300nm H=¢ &
T R FAA FAH= 1450nmF28 F571 EESL UL Kol 1F A8
=32 2HEYE o]d3to FHTe FAJE IR FHol L F
g 4 ek

7t s EYE &3

105ColA 3AIZF At 7HddZxEA AL sEAZFAY 23 2HEY H o
Etele] TOF AR 2 REIJLAFEYY Ares Eisy do. FE3H 23
o AHE G £ 1z, 2zhl Lo ALHe ALz YEgton UFaAEA
23 1719 S A ]9 fZAR FAHAEE FdFEA L nAAA S HEAH
23 RAUTE A} AT} 1950nmet 1440nme] 270e] MPo s T HFHE P
2]o] A Q XHSEP) 0.345%2 4 AY¥T7 Eon E3 BEJALARN A3
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factorg® 670 A=3 FHg4 o] SEP7} 0.3002A tUFI ALY AAEGOE F&:
7F 43t 2L € F UAATHEIY). FEFHAY 2H EAYd g FHFA
ool Azun g ATE 21Y16F Eh

Z9o] ARZA7 FEFH AL JFAZTHA A7 FEUFA Y 2 H 2
EY dolele}te] thE23AEAN A 1240nm, 1328nmE T+AE A2 dA SEPY}
0.5616%62A £ ZATHT ZFEE7L WA JI7HEHJG. ol 29 o|3ed F4
o] atoldlN & At AREHT, 2N AFT AAMYH ZXVMFY FF
gter 2AAurH o] QlojAe FAFAZYPHOE 105TC, AL AR YHol 1V F
o] FEAFoNe T HHol E F UL FU3 AL

L}, 48 A (capsanthin)3sF 43

T2 222 A TEEE ASTA colorBto2 BEAIS £x9 ZFHe A¥HE
H HoletE T ARA d FEIALEAS Aes E199 I E17d JERR
t}. GEIA AL Z} 2338nm, 1700nm, 1752nm 2 2050nme] 4719 HPo=w
TAsE HAF4o| SEP7l 12224 F¥=7F A JUElgth Capsanthin 3%
3 A= E 1700nm ¥ 2338nmIAFL capsanthin MAAHE FRAA fId A
o2 1700nm~ Capsanthin® ¥ T3&& °o|Fv C-H 71& AF3AF2] 14 H)
£ ASEHe Aoz #wddEy. =3 FEALEM(PLS)E 3 A} factor 270
& U™ HFHo] SEP7F 3112 Ruoy FIAEMMMLRIZ HgAd 4]

3 27 & Aoe=w UeEh) MAARL SEPYF ¥Ye tE3AEA Agkae] A
gt & Ao R JEGH
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B 18 FEFH U3 FIARTHT FEIHALAFEA A 8 JZF4 T
FAAF 27

< OE3AEN AT >

Calibration Validation
Wavelength used(nm) R SEC R SEP
1950 -0.7995 0.363 0669 0.765
1950 1440 0.8403 0.332 0931 0345
1950 1440 2362 0.8985 0.273 0.863 0.480
1950 1440 2362 2040 0.9358 0.222 0927 0.356
< REHAAFEMNAT >
Spectra Math No. of Calibration Validation
set treatment factor ————— —_—
R SEC R SEP
Original 2nd der. 4 09135 0.3352 0938 0.328
Original 2nd der. 6 09435 0.2800 0949 0.300

R ! Multiple Correlation Coefficient
SEC : Standard Error od Calibration
SEP ' Standard Error od Performance
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NIR CALCULATED V5. LAB REPORTED

11.480

16 .88

8.0886

ClH=DN OO D 0 e B R

9.88

8 .48
LAB REPORTED

9.88

2
Y
@ s h‘*"'- Hu, A
l‘ ‘5 -l .I"- 'l:‘l .
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18 .80

a1y 16. Tx7HFe FEFFE SAHYLALA AT FaEdA
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¥ 19. ASTA colorgtdl 3t =3 HAEAN T BEFHAAFEA N &%

A% BANB AT

< AR FH >

Calibration Validation
Wavelength used(nm) R SEC R SEP
2338 0.8885 12.0 0.847 186
2338 1700 0.9005 11.5 0.864 17.6
2338 1700 1752 0.9229 10.4 0929 13.0
2338 1700 1752 2050 0.9286 10.1 0937 12.2
< FEHAFEQET >
Spectra Math No. of Calibration Validation
set treatment PLS
R SEC R SEP
Original 2nd der. 2 0.8143 155299 0.460 31.1
Original 2nd der. 13 (0.9898 4.5804 0.902 15.1
R : Multiple Correlation Coefficient

SEC : Standard Error od Calibration

SEP : Standard Error od Performance
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MIR CALCULATED VUi . LAB REPORTED
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1E71%e] HL FEE Colorimeter2 33 A& afkd ZHYEY =d
EY dHoletE UFIAAEN 2 REINALEALZ § FAi= 8203 19189 e
WAtk 2300nmE capsanthin 444 ES] F5adoezs ALY EST 2
2272nm, 2322nme 2713 o2 TR HFA e SEPF 11424 AT &
Ao g Vel REHALAEM HAales factor 13719 P4 o] SEP7E 1.02E 4
OF3AEY HAFA vls) FLEr ¢ 2 A2 JEYT.

2. 1x7HEe feT BF

#2832 fructose, glucose, sucrose ¥%F2] FAZAM Ydehligien #2F &
T2 o AHEY dlo]ERte] FIAEY R FEALTY IFe= B21F ™19
oA Jehlitt. g F3L sl A4 o]&¥ 1450nm= starch, sucrose
59 O-H 7|& AFHFY 1a Wl AL A2 AGHIUY UFIAHE
Mol YT ZAMS A3 1450nmE FAHAE A SEP/F 17622 UEly
1, BEHALEAY AF factor INE AHER} HFA S SEP7} 181%EA O-FH
AEANe U] #Fez A9d HFANY FYEr F o L& A2 UeyEh

o} 317152 Capsaicinoid #4

CapsaicinoidE capsaicin® %3 dihydrocapsaicinoid ##¢ A2 Jehy
RNL capsaicinoid FF# ZHYA AHEFY d|o]el}e] Rlold| tlF33] AR A
A7 32 RRIHALEAN FAIs B22¢9% 39209 Ve

OF 3 AEAA] Capsaicinoid F3E #s AdE I F 2300nmeE CH ¥
C=0 7|& AFUEFLE ALFH o] capsaicinoid®] 33+=Z £ phenol”]
2 methoxyl7]1¢} &™Ao] U= AOoE T/HEED 2320nme 1719 Aoz M
¥ dZF4 o] SEP7F 25.1mg%E A 7HE @itk

FE3HAEH AT factor NE FAAE AF4 2] SEP7} 19.0mg%E w3ton}

_76_



B 20. A% agtdd i GFHALAH FEHAEHAA A% FFHH

FAAE E 1
<HEHAZA DT>
Calibration Validation
Wavelength used(nm) R SEC R SEP
2272 0.6549 1.31 0.825 1.08
2272 2322 0.8223 0.997 0801 1.14
2272 2322 1768 0.8552 0919 0.754 1.25
2202 2322 1768 2164 0.8667 0.897 0744 1.27
< BEALAFEAY >
Spectra Math No. of Calibration Validation
set treatment factor
R SEC R SEP
Original Z2nd der. 9 09351 0.68A4 0.767 1.22
Original Z2nd der. 13 0.9636 0.5523 0846 1.02

R @ Multiple Correlation Coefficient
SEC ' Standard Error od Calibration
SEP : Standard Error od Performance
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gAY Ul HFez f8E AFY BT O 2L AR HIHHI
t} %o A3 GCol 213 Capsaicinoidd] #ZFX¢t NIREZHEY ©|o|Elte &%
2l oF 45mg%EA B AP d& FFAo] F ¢ AT w2 A=
UEebsith ol Capsaicinoid #%o] WF 2HolM I FHAN F57E7 1
°ketr] W EQ 23 HPLCH A& ol3ery E4A] AAFHo GCA A& A
HEl FREYG APt 237 EojEUE A2 ALRHT AAF HPLCE °|&
st MM TAMAEE B3 Fu FE=t 2 ARE & F A& AL
Ars ETh
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E 21. fEl9 #Fd dFd OFIAENT FEIHLEHC AT AF4H &

AAE g

< GFIAEHER >

Wavelength used(nm)

1450

1450 1490

1440 1490 1862

1440 1490 1362 1566

< REIJLAFEA S

Calibration
R SEC(%)

0.9599 1.01

09655  0.949
0.9677  0.931
09705  0.904

Spectra Math No. of

set treatment factor
Original 2nd der. 2
Original 2nd der. 3
Original 2nd der. 6

Calibration
R SEC(%)

0.9410 1.0639

0.9597 1.0334
09666 19914

R : Multiple Correlation Coefficient
SEC : Standard Error od Calibration

SEP : Standard Error od Performance

Validation
R SEP(%)
0849 1.76
0810 1.92
0.791 2.04
0.781 2.08
Validation
'R SEP®
0.828 1.87
0.840 1.81
0.783 2.08



HIR CALCULATED US.
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¥ 22. Capsaicinoid®@zd W tF3ARMz BREFHLEH 3 &
3 EANAEE dF
<}Ea AN >
Calibration Validation
Wavelength used(nm) R SEC(mg%) R SEP(mg%)
2320 -0.8295 34.1 0914 251
2320 1748 0.8956 28.0 0.8355 32.1
2320 1748 2160 0.9151 26.3 0894 27.7
2320 1748 2160 2258 (0.9599 19.0 086 32.0
< RRALAFEA >
Spectra Math No. of Calibration Validation
set treatment factor —mmmm—
R SEC(mg%) R SEP(mg20)
Original 2nd der. 4 0.927 2.8 0.869 30.7
Original 2nd der. 8 0.989 12.4 0.952 19.0

R | Multiple Correlation Coefficient

SEC : Standard Error od Calibration
SEP : Standard Error od Performance
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ME 1 AnF 2 DT oety 54

AL
&

L1

tHE (AlEfRD)

r (SHE)
v (%G3F)
o (2] )
2% (AE)
" (2HE)
Z (¥33)
4 ()
" Fd)
F43% (AlEe)
" HE)
" (83%)
" (HF)
Z (333)
Z3F (Algel)
" ()
" (933)
" (34)
BFE (B3
r (FY9)
" (=79)
" (34)
A (F9)
v (o] H)
o (FA3)
2% (FF)
7" (%)
A (ML)
s (59)
Ala333 (F3)
ZE (Y

03.02
54.43
05.02
01.66
00.38
04.15
04.05
03.64
59.08

53.18
01.44

50.06
04.85
50.20
51.94
01.52
04.94
54.80
04.32
54.27
53.36
55.99
00.44
00.74
52.96
53.74
51.62
52.25
02.44
0391
53.87

Al

21.87
20.87
28.03
24.36
21.73
20.10
26.73
2541
24.08

25.85
23.95

28.30
24.69
20.94
25.57
22.55
24.20
23.87
23.71
19.99
26.14
24.36
24.86
25.72
26.13
26.05
26.70
26.71
21.26
28.12
26.01

Bl

21.72
29.03
31.05
28.02
29.54
28.69
30.94
30.04
31.11

29.73
20.65

32.56
29.96
32.63
26.70
28.04
29.31
30.31
28.37
27.40
31.53
31.36
32.39
32.94
28.95
28.91
26.15

20.92
217.13

29.38

28.11

E

C

H

66.00
66.89
69.11
63.62
68.61
60.22
©7.77
66.52
67.69

06.18
62.53

69.94
67.02
69.08
63.70
62.84
66.81
67.01
65.71
63.99
67.20
68.64
68.80
69.66
65.44
66.35
63.72
64.15
65.03
67.52
06.10

0.991
1.113
1.103
1.146
1.060
1.140
1.153
1.176
1.286
1.146
1.126
1.146
1.193
1.276
1.040
1.240
1.206
1.263
1.190
1.366
1.203
1.280
1.300
1.273
1.100
1.103
0.977
0.972
0.997
1.040
1.076

39.31
338.88
41.83
37.13
40.51
33.12
40.38
39.34
39.43
39.39
35.56
43.14
38.51
41.47
36.97
35.98
38.00
38.98
36.97
33.91
40.95
39.71
40.33
41.79
38.99
3891
37.37
37.21
38.46
40.66
38.30

L2

33.29
33.32
32.47
32.30
37.13
36.25
33.40
34.52
37.47
33.10
33.27
34.27
37.40
38.67
37.19
31.78
34.09
33.49
31.20
33.98
38.80
33.86
35.36
35.09
34.06
35.44
35.34
35.44
35.68
36.06
35.53

A2

B2

18.33
11.50
16.04
16.05
14.07
11.19
16.06
15.79
13.03
14.10
14.08
20.23
13.45
12.91
13.88
12.68
17.05
14.45
15.18
15.77
16.79
19.56
20.78
21.39
19.59
10.75

8.33

9.43
11.48
12.95
12.43

976
6.11
3.93
9.05
753
5.90
9.29

10.19
748
8.26
881

10.02
792
7.84
6.90
8.00

10.56
8.16
8.98

10.99

10.60

11.89

12.56

13.06

10.82
5.00
4.13
4.37
461
6.40
5.90



-

Z33 (F-F)
A3 (ME)
LE (AME)
gFE RHF)
e F-F)
P210 (% 3})
dsA (AY)
=Z] (AY)
=4 (949
Z%¥ (54Y)
HAY (FH)
g1

g 332

333

A (449)
> 3E(9Y)
FA1(HR)
S31(8R))
7} F-(F YY)
FA2(HF)
A2(F)
a4

A3

B35

=g

=4

)}

ol3
ol

lars

Al

L1

02.82
02.51
03.23
01.58
20.54

Al

Bl

26.35
2545
26.47
20.75
25.05

22.711 26.32

5153 26.03

02.99
02.33
0l.14
51.85

2127
23.92
26.68
26.67

.

26.28
25.60
28.24
25.20
23.53

27.20
26.57

26.74
19.95
24.03
29.09

02.63
02.91
02.86

30.45
29.95

30.61

21.97
28.03
29.04

52.82
01.18
23.09
48.93
01.71
.10
01.68

2131
2587
28.59
26.61
26.70
24.29
26.40

51.65
49.77
03.59
20.19
01.47
50.67
00.48
51.97
01.65
51.29

27.16
20.85
28.33
28.41
29.81
30.31
28.69
21.19
27.85
27.19

21.96
26.64
21.73
24.03
24.63

24.90
25.15
25.81
25.80
30.16
26.53
28.80
27.70
27.01

28.78
28.96
28.15

E

64.61
63.72
65.81
62.91
61.13

64.89
63.90

65.32
60.91
62.49
63.48
66.93
6b.77
67.85
65.71
63.23
66.37
60.66
63.19

60.99
63.20
63.81
62.16
67.70
63.43
06.03
65.22
64.04
60.09
65.43
64.51]

C

H

L2

——

AZ

—

B2

0.993
1.003
1.060
0.976
0.940

1.030
1.013

0.984
0.837
0.89%
0.942
0.915
0.950
0.966
1.020
1.026
0.966

0.902
0.926

1.020
0.9052
0.949
0.961
1.060
0.934
0.966
0.913
0.941
1.030

1.036
1.030

37.21
36.09
38.71
36.03
34.40

37.85

37.19
38.19
31.17
35.91
36.62

35.30
39.30

30.79
33.08

35.04
36.20 12.15 5.80
35.09 928 439

36.00
39.71
34.46
35.60

41.34
40.72
42.54

35.63
34.63
30.80

39.08
37.13
39.83
30.85
36.32
34.78
36.46

33.37
31.88
33.02
32.43
33.92
30.66
31.95

37.46
37.23
41.37
38.87
41.45
41.06
39.40
40.00
40.17
39.13

e oyl

35.19
32.80
35.50
32.23
34.43
34.96
35.62
34.03
33.98
34.25

8.92
9.87
10.94
10.29
8.90

14.11
12.83
13.69
11.64
24.72
21.42
22.42
18.78
1415
17.36
14.75
15.49

9,68
14.30
20.62
10.24
14.42
13.50
16.75
1341
13.71
1553

10.95
16.77

4.24
4.10
5.60
4.50
4.33

0.98
0.20
0.64
0.33
13.17
12.46

11.98

10.81
1.56
8.60
6.88
7.62
0.02
71.36

10.79
3.64
6.18
4.83
D.72
4.81
0.20
6.44

4.20
6.99

i ——



ohE- (Al E 21)
7 (2HE)
r (G3)
r (2]8)
YA ED
r (HE)
r (Q3F)
o (F)
o (')
FA35(A1 )
" (HE)
" (F3%)
" (HF)
" (FF3)
Z3F (A E])
r (M%)
v (F3%)
o ()
BE(E33)
o (YY)
o (£73)
n o ()
A Y ()
no (o H)
r (S4)
% (FF)
THEF)
AHAA (M &)
W (F-5)
A 333CFH)
FE(FD)
23 (EF)

Fru
(g%)

Glua

Suc

(g%) (g%)

9.98

11.55
10.94
10.29
10.35

11.34
10.18
13.44

9.97
12.40
14.84
10.10
11.78
11.28
11.95
14.80
11.22
12.10

14.45
14.31

14.80
14.29
12.10
12.36
11.19
11.79
8.93
9.57
8.67
7.83

9.87
9.15

4.25
.61
4.12
3.79
3.65
0.72
3.78
6.92
4.89
5.39

- 8.39

3.91
6.24
0.10
0.60
8.08
.21
5.86
7.93
2.20
7.79
6.77
492
0.87
4.61
4.46
3.03
3.36
2.83
2.81
3.38
3.34

0.33
1.31

1.02

0.51
2.03
2.60
0.27
0.52
2.37
0.16
1.97
1.28
3.15
0.61
0.23
1.79
0.57
0.78
0.39
0.25
0.18
0.20
0.28
1.22
0.05
0.35

TS

(g%%)

14.56
18.43

15.00
14.08
14.00

18.08

13.95

20.88
16.90
17.79
25.89
14.28
18.54
18.75
17.71
24.85
17.71
21.11
22.99
19.80
24.38
21.07
17.58
19.02
16.20
16.50
12.15
13.13
11.78
11.87
13.30
12.85

_87_

Cap Dcap TC
(mg%) (mg%) (mg%)
30.17 5258 82.74
15.79 2606 41.84
11.73 2027 3200
30.53 4879 79.32

8.91 2253 31.4

431 13.99 18.30

7.95 17.82 25.37

2.3 6.76 90

3.3 10.30 13.6

1.22 8.32 95

2.03 6.9 8.9

0.24 D.6 5.9

1.40 5.70 7.11

0.09 3.96 4.06

- 3.37 2.34

3.92 8.68 12.21

2.80 9.23 12.03

4.02 7.33 11.35

6.39 15.37 21.76

3.35 5.92 g.27

8.39 14.28 22.67

00.27 10.70 60.97

8821 6655 154.76

10388 7275 17663
125.17 8449 200.66

11.38 7.93 19.31

1435 17.03 31.37

2080 3754 67.34

1301 1751 30.52

30.08 25.87 55.96

59.00 4921 108.26

1772 13.47 31.19

Mo
(%)

8.92
7.58
8.73
8.87

9.57
9.54
8.55
9.89
8.26
9.34
8.84
8.70
1.26
9.60
9.23
9.51
8.47
8.46
9.95
9.35
8.73
8.23
8.72
8.72
10.27
8.88
9.51

8.90

8.96
8.38
8.82
8.99

ASTA

89.29
70.97

82.13

162.99

79.95
66.89
65.42
44 88

08.71
60.01
01.00
75.956
63.14
00.62
71.21
45.78
07.94
48.14
40.26
35.08
43.75
42.76
61.28
53.85
o4.08
87.91
117.34
129.94
129.21
102.10
85.84
103.63



o 5 Fru Glu Suc TS Cap Dcap TC Mo ASTA
(g%) (g%) (g%) (g%) (mg%) (mg%) (mg%) (%)

B3 (ME) 086 373 069 14291 609 6088 121.84 960 9754
LFEMAME) 907 335 070 13134 5861 6282 12143 937 100.72
SFE(¥HE) 1226 535 162 19240 1524 1899 3423 11.00 101.89
T (¥H5) 1048 368 091 15078 5368 3883 9251 1081 99.23
P210(% 8}) 1038 394 051 1483 1334 1200 2534 935 1012
EAALY) 1033 378 059 1471 2382 2973 5355 964 118.26
=X (A Q) 1039 452 170 1661 3799 5519 9319 989  96.55
FH(F4) 1041 379 115 1536 4833 4263 9096 10.69 107.79
2% (F4) 1207 548 099 1854 1477 2627 41.05 1129 105.59
H A (FY) 1212 519 111 1843 3660 3445 71.05 10.76 101.33
9331 1081 360 201 1642 3108 3643 6750 849 122.29
332 726 293 351 1370 13934 14094 28028 7.76 113.77
5333 1014 415 207 1637 4803 6469 11271 882 11573
AF(FY) 1297 705 25 2258 21744 8859 30604 836 9216
S5 (H4Y) 1224 581 134 1940 3148 3478 6627 955  94.02
FA1(A) 843 296 039 1178 1852 2808 4750 793 124.67
A1) 1189 557 137 1883 4222 4469 891 888 11953
i F(FY) 1239 609 091 1939 4364 60.05 10369 959 107.02
FA2(A-) 1104 353 069 1526 1471 2286 3758 959 106.75
3 A2(3 1) 1160 503 071 1735 2824 3422 6245 827 10364
°d 534 1286 623 061 1971 4409 56.34 10044 929 105.49
A A 11.82 492 077 1752 786 1061 1847 886 149.68
3} 1238 617 024 1880 2424 2002 4426 879 8851
=% 1405 852 - 2257  3.68 540 908 935 134.10
Sk 923 470 130 1523 501 648 1149 846 163.18
o<} 997 596 121 1714 262 11.27 1389 848 16351
ol ¥ d 1007 651 183 1842 22.03 2032 5134 822 147.19
St 1227 732 105 2065 586 613 1199 833 109.36
T3 11.78 770 094 2043 1086 097 2083 7.77 13759
Alulg 1342 749 233 2324 853 735 1583 943 116.82

e T S A e A —
— e e S

L1, al, bl, : Hunter L, a, b, of powder red pepper
L2, a2, b2, : Hunter L, a, b, of dry red pepper

C = Hunter bl / al

E = SQRT(L® + a° + b°)

Fru ! fructose. Glu : glucose.
TS : total sugar Cap : capsaicin.

DCap ' dihydro-capsaicin. TC ' total capsaicinoid
Mo ' moisture of powder red pepper

H = SQRT(a" + b?):
Suc @ sucrose.
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Red Pepper, Ground
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Testing methods for ground red pepper
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By 5 31759 FAEHEAE 915 ASTA Analytical Method

ASTA ANALYTICAL METHODS

Method 1.0

Preparation of Samples

Purpose: To prepare homogeneous samples for laboratory analysis.
A. Apparatus:

1. Mixer capable of mixing gross spice samples. A double cone blender
such as the McClelland mixer is recommended.

2. Mill capable of grinding sample to particle size specified in Part B.

B. Procedure:

1. Blend all samples from a given lot in a mixer and remove 100g-200g
aliquot unless otherwise specified in the method.

2. Grind aliquot to pass through a U.S. No. 20 sieve. Because of wide
variations in composition within a spice, it is important that at least
99% of the aliquot pass through a U.S. 20 mesh screen or one with
an equivalent mesh opening.

3. Mix ground sample thoroughly and store in a tightly sealed container
in a refrigerator until analysis is performed.

4. At the time of analysis, mix the samples in the containers by rotating
them before removing the aliquot for analysis. This is necessary to avoid
stratification.

5. Allow the samples to reach ambient temperature.

6. It 1s important that each type of mill be used in such a fashion as to
prevent undue heating during the grinding of samples in order to preserve
the integrity of the sample.

7. Milling spices such as mace, nutmeg, and celery seed can be expedited
by the addition of liquid carbon dioxide to the spice in the mill using
a cylinder equipped with a dip tube, thus freezing the spice.

Notes:
1. Cassia, tumeric and ginger samples must be cracked before blending.



ASTA ANALYTICAL METHODS

Method 2.0

Moisture
(Distillation Method)

Purpose: To determine the moisture in all spices by co-distillation with toluene

with the exception of capsicums and dehydrated vegetables (3).

A. Apparatus:
1. Glass distillation apparatus with ground glass joints constructed and

assembled as shown in diagram.

a. 500 ml. or 1000 ml., round-bottom, shortneck flask with a T.S. 24/40
joint.

b. West condenser with drip tip, 400 mm. in iength with a T.S. 24/40
joint. )

c. Bidwell-Sterling trap, T.S. 24/40 joint. 5 ml. capacity graduated in
0.1 ml. intervals.

2. Heat source capable of refluxing toluene in the apparatus above. An

electric heating mantle with a vaniable power control and a magnetic
Teflon covered stirrer is recommended.

3. Nylon bristle burette brush 4 inch in diameter or a wire loop. It should

be long enough to extend through the condenser (ca. 450 mm.)

B. Reagent:
1. Toluene, A.C.S. grade.

C. Preparation of Sample:
1. Use Method 10.

D. Procedure:

1.

Weight aliquot of sample to nearest 0.01 g. sufficient to yield 2 to 5
ml. of water {(ca. 40 g.).

. Transfer sample quantitatively to distilling flask and add sufficient

toluene to cover the sample completely (not less than 75 mil.).

. Assemble the apparatus as shown and fill the trap with toluene by pour-

ing it through the condenser until it just fills the trap and begins to flow
into the flask. Insert a loose non-absorbing cotton plug into the top of
the condenser to prevent condensation of atmospheric moisture in the
condenser. -

. Bring to boil and reflux at about 2 drops per second untii most of the

water has been collected in the trap, then increase the reflux rate to
ca. 4 drops per second.

. Continue refluxing until two consecutive readings 15 min. apart show

no change. Dislodge any water held up in the condenser with a brush
or wire loop. Rinse the condenser carefully with ca. 5 ml. toluene.
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Moisture Method 2.0
(Distillation _Method)

6. Continue refluxing for 3 to 5 min., remove the heat and cool the trap
to 20°C 1n a suitable water bath.

E. Caiculation:

1. Moisture, % =Vol. of water (ml.) . 100
Wt. of sample (g.)

Notes:

1. The apparatus, including the condenser, should be cleaned with potassium dichromate-
sulfuric acid cleaning solution, rinse with water followed by a rinse with OO5N potassium
hydroxide solution. Rinse with alcohol and drain for 10 min. This procedure will minimize
the adherence of water droplets to the surfaces of the condenser and the Bidwell-Sterling
trap.

2. A correction blank for toluene must be conducted periodically by adding 1.00 ml. of
distilled water to 100 ml. of toluene in the distillation flask and run the method as described
under procedure DI through D6.

3. Use hexane instead of toluene for substances such as red peppers, paprika, chili powders,
and dehydrated vegetables which contain larger amounts of sugars and other materials
which may decompose at 100°C to form water. Method 2.1 (vacuum oven) is the pre-
ferred method for these products because collaborative studies have shown 1t 10 have a

significantly lower coefficient of vanation between labs.
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Moisture Method 2.0
(Distillation Method)

6. Continue refluxing for 3 to 5 min., remove the heat and cool the trap
to 20°C 1n a suitable water bath.

E. Calculation:

1. Moisture, % = Vol. of water (ml.) % 100

Wt. of sample (g.)

Notes:

1. The apparatus, including the condenser, should be cleaned with potassium dichromate-
sulfuric acid cleaning solution, rinse with water followed by a rinse with 0.05N potassium
hydroxide solution. Rinse with alcohol and drzin for 10 min. This procedure will minimize

the adherence of water droplets to the surfaces of the condenser and the Bidwell-Sterling

trap.

2. A correction blank for toluene must be conducted periodically by adding 1.00 ml. of
distilied water to 100 ml. of toluene in the distillation flask and run the method as described

under procedure D1 through D6,

3. UschmmsﬂadoftolumcformMmmhude , paprika, chili powders,
and dehydrated vegetables which contain amounts of su and other materials

whichmaydemmposc at lﬂ]’Ctnformwater Mﬂhole(vacuum oven) is the pre-
ferred method for these products because collaborative studies have shown it to have a

significantly lower coefficient of variaton between labs.
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Method 2.1

Moisture
(Vacuum Oven Method)

Purpose: To determine moisture in capsicums, chili powders, dehydrated
‘vegetables, and dehydrated onion and garlic by vacuum oven drying.

A. Apparatus:
1. Aluminum weighing dishes (3 inches in diameter and % inch in depth)
with tight fiting covers.
2. Analytical balance, sensitive to 1.0 mg.
3. Desiccator.

4. Vacuum oven with attachments for gas washing bottles suitable for drying
air that is allowed to enter oven and equipped with a suitable manometer

for verifying oven pressure.

B. Reagents:
1. Appropriate desiccant such as Dnerite for desiccator.

2. Effective liquid desiccant such as conc. sulfuric acid for gas washing
bottle.

C. Preparation of Sample:

1. Ground samples should be used as received. Use method 1.0 for unground
samples.

D. Procedure:

1. Weigh 2.000g. to 5.000g. of well mixed sample into tared aluminum
dish and immediately cover. The amount of sample taken should just
be sufficient to cover the bottom of the dish but should not be less than
2.00g.

2. Place the dish and the cover into the oven separately and dry for 6 hr.
at 70 °C under a pressure of not more than 100 mm. of mercury (3.9
in. of Hg). During drying, admit dry air (about 2 bubbles per second)
into the oven through the gas washing bottle.

3. Remove the dishes and their matched covers from the oven and cover
the dishes immediately, and immediately transfer them to the desiccator
and cool. Weigh to the nearest 1.0 mg.

E. Calculation:

% Moisture =(Initial wt. —Final wt.) 100
Initial wt.

Notes:

I. Do not place samples of high moisture with those of low moisture in the oven at the
same time. This may cause incomplete drying of samples and an erroneous moisture
value may result.

2. Do not stack dishes in oven as this may impair distribution of heat and the flow of air
around the dishes.
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Method 10.0

Sieve Analysis

Purpose: To determine the particle size distribution of prepared samples.

A. Apparatus:

1.
2.

N s W

Shaking device, Ro-Tap or equivalent.

Sieves, U.S. Standard or equivalent, eight inches in diameter, with cover
and bottom pan (clean and free of o1l and other contamination). (1)

Faucet washers, %4 L (19/32 inches) rubber.
Balance, top loader, accuracy +0.1 g.
Syloid #244, W. R. Grace & Co., Inc. sieved through U.S. No. 100 sieve.

Jar, 8 0z. screwcap.

B. Procedure:

1.

Obtain the tare weight of each sieve, containing three fauct washers (see
note 3) and nest the sieves in order of decreasing fineness; attach the
cover and tared bottom pan.

. Weigh 500 g. sample into tared 8 oz. screwcap jar.

Weigh 1.0 g. of Syloid 244, or equivalent, and add it to the contents
of the jar. (2), (4)

Cap the jar tightly and mix by inversion until a uniform or homogeneous
mixture results.

Transfer the mixture quantitatively to the top sieve.

Mount the next sieves in the Ro-Tap and shake two minutes plus an addi-
tional two minutes for each sieve (do not include the pan).

Reweigh each sieve with washers and the pan then subtract the tare
weight to obtain the fraction retained.

C. Calculation:

Notes:

Grams Retained/Screen X 100 _ Retained on Each Sieve

—— =0

Le. Retained on Screens

Report the amount (%) retained on each sieve and the pan.

Acetone is recommended for cleaning screens.

1.0 g. Additional Syloid may be added for spice powders containing larger amounts of
otl, such as mustard flour, nutmeg and mace.

For leafy items, use washers only on the underside of U.S. 40 mesh or finer 10 prevent
breakage of leaf.

Syloid not necessary for product coarser than U.S. 20 mesh.
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Equivalent Sieve Sizes

Tyler Standard U.S. Standard Standard
Mesh Sieve Silk
4 4
5 5
6 6
7 7
8 8
0 10
10 12
12 14
0000
14 16
16 18
000
20 20
24 25
00
28 30
O
32 35
35 40
1
42 45
2
3
4
48 S50
' >
60 60
6
65 70
7
8
80 80
9
100 100 10
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Method 20.1

Extractable Color in Capsicums and Their Oleoresins

Purpose: To determine the extractable color in capsicums and their oleoresins
by measunng the absorbance of an acetone extract at 460 nm.

A. Apparatus:
1. Spectrophotometer—capable of accurately measuring A. at 460 nm.

2. Absorption cells—1 cm. square matched cells with stoppers.

3. Standard glass filter—(Standard reference matenial 2030 or 930D
[30%T] from the National Bureau of Standards).

4. Volumetric flasks—100 ml. with ground glass stoppers.
S. Pipettes—transfer-type.

B. Reagent:
I. Acetone—reagent grade.

C. Procedure for Capsicums:
1. Unground capsicums must be ground to pass | mm opening sieve.

2. Accurately weigh 70 to 100 mg. of sample and transfer to a 100 ml.
Vol. flask.

Fill to mark with acetone and stopper tightly.
Shake the flask and let stand 16 hr. at room temp. in the dark.
Shake the flask and allow 2 min. for the particles to settle.

Transfer a portion of the ext. to the spectrophotometer cell and measure
the A. at 460 nm with an acetone blank.

1. Determine A. of glass filter at 465 nm.

AN A

D. Calculations for Capsicums:

1. Instrument correction factor=I¢

NBS A. at 465 nm
Lab A. at 465 nm

2. Extractable Color
ASTA Color =) of Acetone ext. X l6.4ﬁ:)

Sample weight in gm.

If=

E. Procedure for Oleoresins:
1. Mix sample well by shaking.

2. Accurately weigh 70 to 100 mg. of sample and transfer it to a 100 ml.
Vol. flask.

3. Fill to mark with acetone, stopper it tightly and shake well.
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Extractable Color in Capsicums Method 20.1
and Their Oleoresins

4. Allow the solution to stand for 2 min.

5. With a 10 ml. pipette, transfer 10.00 ml. of the solution into another
100 ml. Vol. flask, and dil. to mark with acetone, stopper tightly and
shake well.

6. Transfer a portion of the solution to the spectrophotometer cell and
measure the A. at 460 nm with an acetone blank.

7. Determine the A. of the standard glass filter at 465 nm.

F. Caliculations for Oleoresins:

1. Instrument correction factor=lf=NBS A. for glass filter at 465 nm
A. of glass filter at 465 nm

2. Extractable Color

ASTA Co]or=A' of Acetone solution X 16.,4;.(1-
Sample weight in gm.

Notes:

1. The A. of the glass filter need only be determined once per day.

2. The recommended range of A. values is A=0.30 and A=070. Extracts having A. greater
than 0.70 should be diluted with acetone to one-half the original concentration. Extracts
having A. less than 0.30 should be discarded and the extraction performed with a larger

sample.
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Method 21.0

Pungency of Capsicums and Their Oleoresins

(Scoville Heat Test)

Purpose: To determine pungency in capsicum spices and oleoresins.

A. Apparatus:
1. Erlenmeyer flask, narrow neck, 125 ml. with ground glass stopper.
2. Pipette, serological, 1 ml. capacity, 0.01 ml. graduations.
3. Pipettes, volumetric transfer 2 ml. and 5 ml. capacity.
4. Volumetric flasks, stoppered, 50 ml. capacity, 100 ml. capacity.
5. Funnel, analytical 58°, short stem.
6. Filter paper, Whatman No. 1, 12.5 cm.
7. Paper cups.
B. Reagents:
1. Ethyl alcohol, 95%
2. Sucrose solution, 5% sucrose in tap water (w/v) i.e. 50 g. made up

to a liter.

C. Preparation of Samples:

1.

Ground capsicums and oleoresins should be used as is. Prepare
unground capsicums as directed in Method 1.0. Oleoresins should be
mixed thoroughly before taking sample.

D. Procedure:

1.

Make an alcoholic extract of the sample according to Schedule A bas-
ed on anticipated pungency. Ground capsicum should be extracted for
a minimum of 16 hours. Shake occasionally. An oleoresin sample can
be dissolved and used immediately.

. Decant or filter to get a clear extract.

For the matenal to be tasted, dilute the quantity indicated in Schedule
B to 50 ml. with 5% sucrose solution using pipettes and volumetric
flask. In any given test start with an amount of alcoholic extract con-
sidered to be too small so that negative response will be obtained and
increase the amount using Schedule B until three out of five tasters report
positive results. Record individual response to each dilution. For selec-
tion of panelists see Note 1.

. Before the first tasting and between each tasting have the individuals

sip or rinse their mouth with water at 90 °-100°F.

For tasting, 5+0.1 ml. aliquots of the solutions prepared as indicated
In step 3 are to be swallowed one at a time from small cups. The judg-
ment as to whether or not heat is present is to be made between 20
and 30 seconds after swallowing. The minimum interval between tasting
the solutions should be 5 minutes. (See Note 2).
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_f’ungency of Capsicums ~ Method 21.0
and Their Oleoresins
(Scoville Heat Test)

6. Tasters are to continue through the sequences of solutions until each

Notes:

reports a definite burn sensation. (See Note 3). Report the heat units
for the first solution for which three out of the five panelists report
positive using values found in Schedule B.

A panel of five reliable tasters 1s required.

1.

Potential panelists should be given several trials at tasting a series of solutions which
is known to contain the threshold heat response. A capsicum sample analyzed previously
is suitable. The panelists’ results for several days can be compared for agreement and
with results of experienced individuals. It is important for potential panelists to learn
their own threshold sensation to capsicum heat. For example, where the sensation occurs
in their mouth. This experience may build sufficient confidence in individuals for them
to judge their own performance. Some individuals may not qualify because of extremely
poor repeatability. Others may not be capable of utilizing their taste sensation. Finally
the threshold level of capsicum is not necessarily the same for each person. Results of
this procedure can be biased if panelists are chosen for high or low sensitivity. A panel
of five is not expected to indicate a threshold reaction on the same dilution. In fact, the
pattern of positive response may include a range of dilutions.
Experienced panelists who have respiratory infections, a recent exposure to highly seasoned
foods or medications may be incapable of a reliable response. For this reason it is helpful
t0 maintain experienced alternates.

An experienced panel may be capable of good performance without waiting 5 minutes
between solutions. But allow 1.5 hours between panel sessions.

A great deal of time will be wasted if the panel is given solutions which are far too dilute.
Therefore, knowledge of approximate Scoville value is a great aid in presenting the least
number of solutions. In addition, the individual preparing the extract and solutions can
perform preliminary tasting. Although, this will eliminate them from immediate participa-
tion as one of the five member panel.
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T ~ Method 21.0

Schedule A

Make an extract according to anticipated pungency. Schedule B indicates range
in Scoville units for each of the alcohol extracts indicated below.

A' 100 g.+50 ml. Ethanol 0.500 g.+50 ml. Ethanol
B! 500 g.+50 ml. Ethanol 0.250 g. 450 ml. Ethanol
C' 200 g.+50 mi. Ethanol 0.100 g. +50 ml. Ethanol

D! 100 g.+50 ml. Ethanol 0.050 g.+50 ml. Ethanol
50 ml. of D made to 50 ml.

50 ml. of D made to 100 ml.

nmmoQw >
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o Schedule B Method 21.0

Place the 1indicated volume of alcoholic extract in a SO0 ml. volumetric flask
and dilute to mark with sugar solution.

Units

7,000
6,500
6,000
5,500
5,000
4,500
4,000
3,800
3,600
3,400
3,200
3,000
2,900
2,800
2,700
2,600
2,500
2,400
2,300
2,200
2,100
2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

Al ml,

0.38
0.42
0.46
0.50
0.56
0.63
0.72
0.83
1.00
1.25
1.67
2.50

B! ml

042
0.46
0.50
0.53
0.56
0.59
0.63
0.67
0.72
0.77
0.83
0.91
1.00

(continued)
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C! ml.

0.42
0.43
0.45
0.46
0.48
0.50
0.52

0.54

0.57
0.60
0.63
0.66
0.69
0.74
0.78
0.83
0.89
0.96
i.04
1.14
1.25

D! ml.
0.36
0.38
0.42
0.45
0.50
0.55
0.63
0.66
0.69
0.74
0.78
0.83
0.86
0.89
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M Units

100
95

85
30
75
70
65

55

45

37

31
28
26
25
24
22
20
18
16
14
12
10
9.5
9.0
8.5
8.0
1.5
7.0
6.5
6.0
3.5

Schedule B (continued)

A ml

0.50
0.53
0.56
0.59
0.63
0.67
0.72
0.77
0.83
0.91

B ml.

0.38
0.40
0.42
0.46
0.50
0.56
0.63
0.72
0.83
1.00
1.11
1.25

(continued)
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C ml.

0.25
0.26
0.28
0.29
0.31
0.33
0.35
0.38
0.42
0.45
0.50
0.55
0.63
0.68
0.74
0.80
0.89
0.96
1.00

Method 21.0

D ml.

0.50
0.53
0.56
0.59
0.63
0.67
0.72
0.77
0.83

0.91

1.00
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Method 21.0
Schedule B (continued)

M Units D ml. E ml. F ml.
1,500 0.67
1,400 0.72
1,300 0.77
1,200 0.83
1,100 0.91
1,000 0.50 1.00

950 0.53 1,06
500 0.56 1.11
850 0.59 1.18
300 0.63 1.25
750 0.67 1.33
700 0.72 1.43
650 0.77
600 0.83
550 0.91
500 1.00
450 .11
400 1.25
350 1.43
300 1.67
250 2.00
200 0.25 2.50
175 0.29
150 0.33
125 0.40
100 0.50
95 0.53
90 0.56

- 114 -



ASTA ANALYTICAL METHODS

Method 21.1

Pungency of Capsicums and Their Oleoresins

(HPLC Method)

Purpose: To determine pungency levels i capsicums and their oleoresins.
A. Apparatus:

1.
2.

3.

4

5.

High pressure liquid chromatograph, pump flow rate (0.6 to 1.8 ml/min).

Detector
a. UV at 280 nm, flow cell path (1 X 10 mm), greater than 700 ppm

capsaicin.
b. Fluorescence at 288 excitation, 320 emission, flow cell path of 10 x 1
micron, less than 700 ppm capsaicin.

Column: CI8, 10 micron spherical, 46 mm X250 mm.
Rheodyne syringe loading sample injector with 20 microliter loop.
100 ml volumetric flask.

B. Reagents:

1.

© N O WM AW R

Acetonitrile, HPLC grade.

. Dioxane, HPLC grade.

HPLC grade water.

HPLC grade methanol.

2% perchloric acid.

95% ethanol, saturated with sodium acetate.
HPLC grade sodium acetate.

Capsaicin (Wilshire Chemical—213-321-5875 or K and K Labs, ICN—
516-433-6262 or other comparable quality.

C. Procedure:

1.

Weigh sample into 100 ml. volumetric flask:

a) 10.00 g for pungencies from 0 to 1000 ASTA Heat Units

b) 1.00 g for pungencies from 1,000 to 10,000 ASTA Heat Units
¢) 0.10 g for pungencies greater than 10000 ASTA Heat Units

2. Bring to 100 ml. with 95% ethanol saturated with sodium acetate.

Cap and place on hot plate at 60 °C or water bath for three hours, swirl-
ing occasionally.

Swirl and allow solids to settle.

Fill sample loop and elute with a mix* of: 484% methanol, 30.2%
HPLC grade water, 13.3% dioxane, 7.9% acetonitrile, 0.2% of 2% per-
chloric acid.
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Pungency of Céi;icums Method 21.1
and Their Oleoresins
(HPLC Method)

6. The first peak 1s the pigment peak, the second peak is capsaicin, the
third peak is capsaicinoid.

7. Prepare capsaicin standards at 0.01, 0.10, 1.0 mg./ml. (label 10, 100 and
1,000 ppm capsaicin) in 95% ethanol, saturated with sodium acetate.

*For low pungency capsicums (less than 700 ppm capsaicin):

1. Prepare solvent mixture 4 (54% acetonitrile, 3.6% dioxane, 0.7% per-
chloric acid, 90.3% water) and B (9.0% acetonitrile, 180% dioxane,

73.0% methanol).

2. Program gradient separation: At 0 min. (0% solvent B); at 2.5 min.
(increase B from 0 to 60% in 5 min.); 7.5 to 12.5 min. (isocratic at
60%); 12.5 min. (60% to 100% B).

Calculation:
1. Total capsaicin area=Area peak 2+ .82 Area peak 3.

Total capsaicin area of sample X ppm standard X 100
Total capsaicin area of standard Xg. sample

2. Capsaicin (ppm) =

3. ASTA Pungency =ppm capsaicin

4. Pungenéy (Scoville) =ppm capsaicin X 15
(assume Capsaicin standard at 15,000,000 Scoville)

Conversion Chart: ppm capsaicin to Scoville

ASTA PUNGENCY
Capsaicin, ppm Scoville, units

150
1,500
15,000
30,000
45,000
60,000
75,000
90,000
450,000
900,000
15,000,000

ppm capsaicin X 15 =Scoville units (assumes capsaicin= 15,000,000 Scoville)

3 il

o

wil

L

k.

SBE o in s o
888888888
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Method 22.2

Microanalytical Analysis of Ground Capsicums

(Excluding Paprika)

Purpose: To isolate extraneous material of insect, rodent, other animal and bird

origin from ground capsicums, excluding paprika, for microscopic
detection and enumeration.

A. Apparatus and Equipment:

1.

10.

Stereoscopic binocular microscope—wide field with foliowing minimum
specifications: 3 parfocal objectives—IX, 3X and 6X or 7.5X; paired
10X wide field oculars, mounted on a base capable of illumination by
reflected light. Ordinarily 30X magnification is used for routine exam-
ination of filter papers. Confirmation of suspect material at higher
magnification may be required.

. Microscope illuminator—preferably with a transformer or rheostat to

vary light intensity, a focusing adjustment to give uniformly lighted field
of view, and blue-white color from a cool low-voltage source.

Wildman trap flask—consists of a 2 L. Erlenmeyer flask into which is
inserted a close-fitting rubber stopper supported on a stiff metal rod,
3/16" diam., and about 4 ” longer than height of flask. Rod is threaded
at lower end and furnished with nuts and washers to hold it in place
on the stopper. Countersink lower nut and washer i1n the rubber stop-

per to prevent striking flask.

Filter paper: a) 24 cm. rapid flow (Whatman 2V, S & S 588,
Reeve Angel 802 folded circles, or equivalent).
b) high wet strength, rapid-acting, ruled with water-
proof lines, 5 mm. apart (S&S #8 is satisfactory).

Hirsch funnel—to accomodate filter paper during filtration.

Suction flask and filtration funnel to provide suction by means of a H,0O
aspirator or electric vacuum pump.

U.S. Standard No. 230 sieve, 8" diam. with weave of ‘““plain-not twill-
tylx'i'!

Magnetic stirrer with magnetic Teflon covered bars about 47 mm. x
9 mm (egg-shaped, round or octagonal).

Beakers, funnels, etc. Do not use polyethylene because insect fragments
and rodent hairs may adhere to it.

Hot plate: adjust to bring 400 ml. of isopropanol in a 1000 ml. beaker
to boil in 5 minutes.

B. Reagents:

l.
2.
3.

99% 1sopropanol
95% and 60% ethanol in water.

Tween 80-ethanol-tetrasodium EDTA Premix: pour 420 ml. 60%
ethanol in | L graduate. Add 80 ml. Tween 80 to 250 mi. glass stop-
pered graduate. Invert 250 ml. graduate over 3 L beaker and drain brief-
ly. Rinse 250 ml. graduate with several portions of the 420 ml. 60%
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Microanalytical Analysis of Method 22.2
Ground Capsicums Excluding Paprika

ethanol, pouring each into beaker. Add rest of 60% ethanol to beaker
and start mag. stirring. Add 10 g. Tetrasodium EDTA to beaker while
stirring rapidly. Add 500 ml. 60% ethanol and stir until uniform. Store
in non-metal containers. Mixed reagent 1s stable several weeks.

4. Mineral Oil—Paraffin oil, white, light, 125/135, saybolt viscosity (38 %),
specific gravity 0.84-0.86 (24 °). Fisher Scientific Co. No. 0-119 or
equivalent.

5. Heptane—commercial heptane containing less than 8% toluene.
6. Flotation liquid—mineral oil and heptane (85 + 15)

C. Procedure:

1. Weigh 25.0 g. of capsicum (ground to pass U.S. No. 18 sieve) and place
in a filter paper cup formed by fitting a 24 cm. filter paper around a
400 ml. beaker. Place cup with ground capsicums in a 1 L beaker.

2. Pour 400 ml. 99% isopropanol into the paper cup in the beaker. Place
on a pre-heated hot plate, bring to a boil, then boil gently 10 min. (a
“cold finger” should be used to condense vapors).

3. Remove cup from beaker without delay and let drain to slow drip.
Discard liquid. Rinse beaker with isopropanol and replace cup in beaker
and repeat twice with 400 ml. 99% isopropanol to remove oil and
pigment.

4. Transfer sample quantitatively from cup into a prewashed U.S. No. 230
sieve. Avoid splashing and loss of sample.

5. Wash sample on sieve with 1200 to 1500 ml/min. of 55-70 ° water using
a Fisher aerator until foam is gone and drainings are clear. Higher flow
rates may cause breakage of fragments. (Note: Longer washing time
than for paprika is needed.)

6. Add 600 ml. 60% ethanol to wash bottle. Place 6” diameter funnel in
trap flask. Wash sample to the edge of the sieve and quantitatively
transfer to the trap flask with 60% ethanol. Wash walls of flask and

pour remainder of 600 ml. into flask.

1. Place on hot plate, bring to a boil, then boil gently 10 minutes, using
gentie magnetic stirring to avoid splashing. Wash sides of flask every
Emr]ninutcs to prevent material from accumulating and drying on flask

.

8. Remove from hot plate and cool to between 20 and 25 © with cold water.
Add 40 ml. flotation liquid down stirring rod.

9. Dilute to 800 ml. with 60% ethanol and stir mag. 5 minutes.

10. Set aside, add 100 mi. Tween 80—ethanol—tetrasodium EDTA premix,
down stirring rod, and mix through liquid by gently swirling (to pre-
vent foaming) stopper exactly 1 minute. Let stand 3 minutes. Wash sides
of flask with 60% ethanol to keep solids down.
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Microanalytical Analysis of Method 22.2
Ground Capsicums Excluding Paprika

11.

12.

13.

14.

16.

17.

18.
19.
20.

Slowly add 60% ethanol down trap rod, maintaining stopper above 0il
layer, until oil just reaches neck of flask.

Gently swirl stopper through lower portion of flask to suspend settling.

Add 60% ethanol down rod to bring bottom of oil layer to a level 1
cm. above raised stopper.

Clamp rod with stopper at mid point of flask. Let stand 15 minutes.
Then gently swirl stopper through upper half of liquid to hasten rising
of oil droplets.

Let stand 15 minutes undisturbed (or longer, until air bubbles and oil
have completely risen) and trap off into beaker, rinsing neck of flask
with 60% ethanol. Filter onto ruled paper. |

Add 30 ml. flotation liquid and stir manually 1 minute, with an up and
down motion.

Clamp rod at mid point and let stand 10 minutes. Swirl stopper gently
through upper half of liquid and adjust oil level.

Let stand 15 minutes undisturbed and trap off.
Rinse neck of flask with 95% ethanol.

Filter onto second ruled paper, rinsing beaker with 95% ethanol, and
examine at 30X. Report numbers of insect, rodent hair, animal hair and
feather barbule fragments.

Footnotes:

l.

2.

3.

Periodically check the 24 cm. filter paper used under microscope for completeness of
transfer of fragments.

When 230 sieve draining slows, wash with detergent, then 50% sodium hydroxide (heated
If necessary).

Complete analysis without overnight interruption.
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2. Ol TEI7FE A ZIALY nEVF AZFH € FH#EE AA
7}, 17V A|Z#FA Flow Chart

Plant seed (3}%) (2¥€ - 44¥)

Capsicum plants (Aul)
Grow & Produce pepper

(38 - 9¥)

|

Harvest (%) (99 - 12¥)

l

Wash (5A])
Sort (¥
Slice (A¢)

)

Dehydrate (A=X)
Mill (£43)
Sift (A &)
Blend (22¥})

"In-Process” product
to storage (A %)

1

Formulate to meet specifications
(W] £3)
Blendl(ﬂ‘él)

Cook (F+)
Mill (4)
Sift (M 3&A)

I

Package (X A)
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