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BTN BOIAE OHRETL, ‘TN B AE ATIERTALE,
SEITNEOTE NESE0IDE

Abstract In this study, the spectral image of red pepper powder, which had been
prepared in accordance with the standard particle size distribution ratio, was
acquired in the short-wave infrared region using a hyperspectral camera. Spectral
information was analyzed using multivariate statistical analyses including principal
component analysis (PCA) and least partial squares (PLS) analysis. PCA revealed
that powders were grouped according to their pungency level, regardless of their
particle size distribution (PC1=97%, PC2=2%). The regression coefficient derived in
PLS discriminant analysis indicated that 1,201-1,226 nm, 1,387-1,411 nm, and
1,508-1,529 nm are key wavelengths that are affected by the vibration of C-H,
O-H, and N-H bonds present in capsaicinoid molecules. Pungency grade was
successfully determined, and capsaicinoid content was predicted with high
accuracy using PLS analysis of raw data at key wavelength (R:=0.9389, R,*=
0.9261). It was possible to reduce the time required for data calculation and
analysis by reducing the amount of spectral data utilized to predict spiciness from
256 to 21 bands. Finally, the distribution of capsaicinoids was mapped visually
according to particle size. In conclusion, hyperspectral imaging is a suitable
technology for real time, non-destructive monitoring of red pepper powder quality
relative to the standard method used during the manufacturing process.

Keywords red pepper powder, capsaicinoid, hyperspectral, chemometrics, visualization

1. M2

N3(Capsicum annum L) 7HAT0] &ol= GdAE0 R mfj2uta H242 AYn
i AxE A= 7k, AFEL Aok Ku 5, 2001). =HolA 718 wol AHlE=
FARE F tUE, 14, X, A4F{ 5 42 AH8E1 QlthHwang 5, 2001). 24
2ol A AEljE= 13 FF52 11 77t WS- ookl Al A1 9ol W &ut ofye}, 1%t
F Az Al AF w719 137t S YArEE A9 Bk 28T ol e FYs £
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ozt A X949l FrF, EF 54, L2 5o wt
AFO)A W5EE Y AtolA ko] E9] ool thart
(Mo &, 2011). &3, BAt=e] S4/4 A4t A7|oic £4
o] A g ER, AlF ABAR] JEE H/5P] A
A AAE 4 2UEFo] 878 (Kang 5, 2010).
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S ]—r_i =8H(150
ppm "9, @ #23K150-300 ppm)’,
(300-500 ppm)’, H%A(Soo 1,000 ppm), UH Rl
k1,000 ppm °JA) 02 F STAR FLESIAL
VETFRE] Ao EE ARl sl FE A
Aznle 73 1|(high performance liquid chromatography,
HPLC)Q} 7|A| A2 utE T8 1)(gas chromatography, GC)
‘: O O]_Q_ }‘“7 9)\‘;—.}:1] 0](—1{‘8‘]— H]-I:H.Q_ XJE—E‘_—. l_-;_X]EI_]_-’ _7"':_
= *-4 AA g7t Basto] Alzto] @ol 4QF &yt ofy
et g, A AFAREC] BRSIEHE =& HE
‘é sltHRahman 5, 2018). 10 gtsfl, £33 24
AR 95 9 WE F4Z HAE Qlo] HmHo
A&sH ST ¢ Sl e E, 13 TH AES
AAfollolEE mIRE Hofet 4 EAE S
A7F AlE o O At FHFH o R FrbE Qo
(Jiang &, 2018; Johnson &, 2021; Lim &, 2015; Mo
5, 2011, Mo &, 2012; Park &, 2008; Rahman &
2018). sHAIRE FEFAA AAlSHL Qe ol e
Y= Hlgo] 1H At ofF] mlH|sit. whEhA 117}t
AL =TS Aubd o g HYE K= Ao dis) &
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Ee} FH AHE Ao Zdoh= 339 hypercube
OB & A&HZoR o §2 HAY YR F4S BAst=
9 &5t Burger?t Gowen, 2011; Diago 5, 2016). T
2hA] Biztet A= o) Hx7t Exrdetel et gEkR= A

ojAllolE ERE gRIst= H A5t Oh &, 2011).

2 Aol BEFA0NA AASHL Sl U= X Hle
of et AxE V7R B olnAE 2 HIEE
=3 Tt A9 X(short wave infrared, SWIR) G oA &
59190, 24 B8 JEE AR BACPCAHT M4 FE
AlF E4(PLSA)T -2 thHw B4 E4sto] Aln|eE A&
Skt 3L AARE Al 4 HUEPE flsiA ol 24
Y e AATOEHN, Hlolg QAT 4 A7k
£0]1 FHAPIA|Lo|E BRE AZASFE A5ttt

2.1. HEz
2 AFolA = 2021400 ekl AEE X9
&7F 3304 BArE 1F2F BHfsto] AlRE ARESHIT
ZIQbE HH, XMt nhHolA Ak 17 EE 247t
Jc@r MRZ Hyatglon, AtFolA Yikd HFa3rt
= CYE Aot 24" 1371F+= #EUA|(Chung
Gye Industrial MFG., CO., Seoul, Korea)E o]-&3slo] &
Lo met 1S, 0.425 pm olsh), Ru&(M, 425-
850 pm), AL, 850 ym-2 mm)2.E A X5t & KS
A2 71%c] Fedole Hlegd2 Sttt 138,
o, 24802 A A JC, MR, CY7} 60:35:5 H|&
Z3tel AJ&% JCS, MRS, CYSZ, 20:60:20 H|&& &
g AJEE JCM, MRM, CYMO.&, 5:35:60 Hl&&2 &3
AlZ+ JCL, MRL, CYLZ g¥alyct. E3t v57k29] ¢
A A7) olskery B4 Aol JRFe £ 5 J2EE, food
mixer(SNSG-1002SS, HANIL ELECTRIC, Bucheon-si,
Korea)E 0|83l A|2E B35t H, 30 mesh E 2
A= YAE FsHA & F olefehs #4412 Xyt

9ho

fu BN
ﬂ

2l ASTA color value &4

(=]
J571F0] ESEES American Spice Trade Association
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(ASTA) analytical method 2.1 #a1s}to], 70C2 4%
St vacuum oven dryer(OV-11, Jeio Tech, Daejeon,
Korea)ol Al 6A17t &<9F x5t SEetdS 45
ASTA color value &% AOAC official method
971.262 Z1st9 e, A& 0.1 gol acetoned |1t
7t shaking®t F 4ol 16A1ZF BHx|sto] A|A-Z A
Z5t3tt. A|¥9-2 UV-spectrophotometer(Thermo Fisher
Scientific, Vantaa, Finland)E ©]-&3F°] 460 nmoA &
BrE ST & ok Ao dygsto] Alitstlet.

A x 16.4
w

ASTA value =

A: absorbance at 460 nm,

W: sample weight (g)

2.2.2. HAOIA 0= B

A& 2 g HWEHE 10 mLe} boiling chipg ¥l 90T
2 4744 dry heating block(MaXtable H10, Daehan,
Incheon, Korea)ollAl 1A[7F 7FEet & Af2oflA ¥Zs
At ¥ZH 252 Whatman No. 12 o33t &, 0.2
pum syringe ZEIZ oA Oo 2K FHALO| Ao E TIEF
HA40] o]- &= It FHAROIA| k0| E g2 HPLC AlAH
(High Performance Liquid Column, Agilent 1260

HI
Iz

infinity II, Agilent Technology, Santa Clara, CA,
USA)ye ARgsto] Attt AE FUF2 10 plz A2
st o, columne 35CE A% XTerraTMRP18(5
pm, 4.6x150 mm id., Waters, Milford, MA, USA)
AREST). o] BAH(A: acetic acid, B: acetonitrile)?]
£L2 1 mL/min® & 3131, gradientf(A : B = 60 : 40,
38 : 62, 20 : 80)2 A&}, Variable wavelength
detector® AHES}0] 280 nmolA FHEE SHIARL
o capsaicin(Sigma-Aldrich, St. Louis, MO, USA)¥}+
dihydrocapsaicin(Sigma-Aldrich, St. Louis, MO, USA)
< B B4R ARNESt ddAe A3

2.2.3. SAEN

Statistical Package for Social Sciences(SPSS Inc.,

920

Chicago, IL, USA) Z21¥ FollA LuiARAREA]
(ANOVA) ME& 719 1922l o] Duncan®] ts H
9 AA(Duncan’s multiple range test)o]l 2} A=A
Hp<0.05).

2.3 =2 o/o/x] 24
2.3.1. =2 H0|f ESH} £=

15719 2E3F o|n]R|& indium gallium arsenide
AAQ}F = 79 g=A F9€(1,400 nm long pass filter)o]
AAE SWIR g4I 900-1,700 nm9] #3A|(ImSpector
N17E system, Spectral Imaging Ltd., Oulu, Finland)
E AMEsto] E5EQY 2 AAER 2l A7 W4
(pushbroom)©2.& 30 gm slit& 53 5 nm 7HF 0.2 o]
HjA 9] HAF BEE A HA0E AFEoH, St
22 olvA= 7 1 YIdollA F 256709 oW A7}
= 9ith WMAMTS reference® 3] MEL 2A35}H7]
Ao BAstlom, Ag+= A7 5 cmZt £9 petridisholl
Higo] Ho|z] oA 3.5 g¥ HYSHA Eoith 1x7HF9
Zoaeer BHo| ZHYH FFLo ¥ = ¢ 9leE
, ZF AlgZutt}t petridish 50704 &
Fotol, & 450719 2&F on|AE g5 2&
ojulz] AJAEE Microsoft Windows ARgoto] &9
AUrt. Petridish®] W F9] BRGH AHTEE F3E517] ¢
3] PerClass(version 3.0.7, Delft, Netherlands) Z2 13
9] region of interest(ROI) 752 ArEslglon, As
¥ HHAHEHAS thHF FARA o85St

oo

2.3.2. HO[F HxZ|
tlojg AA = Alme] 1124 Xt ejoly
EZ83 4, 7171 279] #slo] 95 dAYsl= AUE
Hol 4kt By F3S AATOEHN & HE] 452
3
£ TFAA717] Y81A normalization, multiplicative
scatter correction(MSC), standard normal variate
(SNV), Savitzky-Golay first derivative(SG) AAEE Al
Tol9a, ©E dolg A+ Unscrambler(version
10.5, CAMO, Trondheim, Norway) Z& 1S AR&-5}
$3Y =31t
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233. FH2 24

HF SAEA0E tlolEo E42 & 4 = W, d
o[E|2] mfjglo|ut HlofE Ato]o] HAIE Zotl= HIA = o
%(unsupervised learning)¥}, Y3t} &3 gko| £As}
< HolHE A4E ¢18EZ &9l SadoEH 229
HYPE A2 082N AIE dSotAY s Ak ok
, 2019).
AEo] Au|r g Qo wWE A
51

(supervised learmng)i BHeE 4 i lee &
2 Ao Es 127
HHAQl 4] A3 AlAstkstr] fisto] di#AQl HIA| = g

A& B4 (principal component analysis, PCA)
S 35t9ict. 900-1,700 nm YA AHEY dlo]
H 2 2237} 334919 PCA score plot& E&T}h 4
£ 71 255 BH(overfitting)o] TSI o= E‘*‘Oﬂ
Aol WojXEE(Jang 5, 2016), ) F4&82 7
Attt FAHE £42 Unscrambler lE<>h74](vers1on
10.5, CAMO, Trondheim, Norway) T2 13- 53] o]
FolFth.
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234. B8 A HF T EM(PLS-DA)} =2 IIE ALY
(key wavelength) 4%

P2 A7) BE7F et IR AnE 5H5E £
Fot7] Yol PLS-DAOIA = X Hgol= AHEY tHo]H,
Y Hols vigt AEY ASE B4l sfdste 7MY §
FE Aottt KS 742 7I€2& &3t A&(CS,
JCM, JCD= ‘1', B& w29t AlZ(MRS, MRM, MRL)=
2, m&ak A|R(CYS, CYM, CYL)= ‘3 o= 7 H4E
ARstelon, Z4zkel 7MY ¥4t 0.5-1.57, '1.5-2.5,
2.5-3.5" 9] QoA ASEAS W, FESHA ASE AU
oha sttt oS Axgho| 7MY BSd e
Wl Aol feoittal Btk 450709 HA| £ TlolH
9] 70%(n=315)= 1 B4 5o A&t on, HolH
9] YAl 30%(n=135)= 9= HF5H7] g HAE
2519k Zire ZE PLS RE9] H5S Hrlsh] Sl
calibration modell~9] 2% ALRD), validation
modelo A9l 24 A4(R,?), calibration model?] A&
B A

calibration), cross-validation model®] A& B+ A&

QAXHRMSEC, root mean square error of

 2ZHroot mean square error of validation, RMSEV)
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ol 1At LE o 54 £42 Unscrambler
(version 10.5, CAMO, Trondheim, Norway) =21
S ARgsto] =P A 1t Ji(full wavelength)
£ ARgoto] ol ndS HAalel= A2 H|W A Al7to] W
495, glo]go] o] wtfste] tlojE o] EH

At meba] AA| i ol obd 8 mpol A
g4 AAsto] dF 1l Y 25 wo|il Ak
SHA| 5t Regression coefficientghe] Athztol
F9 1 JAiE Ao}, ”H—?—?l 58 HEE 9
LS-DA R4} vf-25t & & I3t PLSR &
St a9 A o o] mdat 29 upy
o] mdlo] uj-25t S LEE B|wotTt
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2.3.5. B2 24 HZF 3|H 2M(PLSR)
PLSR BAHS F4& E43 o5 39 £49] 7=
Agsl, o= ¥4 X(spectrum HloJE)Q}F EFHS Y

(chemical HoJE]) 719] TAE AP ZE=E HFsI] &=

HHFE BASHAY dSot= AS ERE2 Si(Abdi,
2003). Ad&% Y= O Ao8 fd4bE
Y=8X+bhb

B: vector of regression coefficient

b: model offset

ol EYNLTS Tofeke TR wuuct o QA
o EAS Bolth Heuke Ul BAtel4l, Hstol=

E7A014, F FAOIA ol e AS5h7] fsl, A
A& 3 F(partial least
square regression, PLSR) £4& A|ZJct. X HEol=
A 3 42(900-1,700 nm)2] AHEH HlolH, Y H4
o= S7E FAlAL Hsto| =2 Aol Al F FHAO|A|
ot = AUstaitt. UmA ey B PLS-DA
24 A3 5dstgow, full wavelength®t key
wavelengtho] thgt dlo] o YL g v|wstYct

2.3.6. ¥ o
w4
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olr

°ot

°[HE ol
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3 PLS 2| ANE wlgo
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Z 9& H2AE 24| 452 WUkt d5 229 A4
s 7IAIREOIA LRHARl 5 AR ARSShe AR

A& = (accuracy), AWZ(precision), WA=
recal )& 7|£02 ¥rlstgon, A% detujeEs o
Z2 Aog HoLdtHTaheri-Garavand 5, 2015).

A _ TP + TN
CCUraSY = P 1IN + FP + FN
TP
Precision = ———
TP + FP

t}. FP(false positive)e= &7
OHE]— UH ou]- =go=z # XT-E
51, FN(false negative)> E% ujf
o mjeut SFog BREx] o1

olg Folct.
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do o >
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Sn)

Eﬂx}ouu.;o s A|2tst

3 elil 2 e 7z sl 9 928
70| E4olc}, 1E7hR9 o
W5l 7o) 7pselEE PLS RS 7]
S5 FHAJAo|E TS visualization
map9] %ﬂii HHIA 2032 Bvince(Prediktera

Os]/k

O

- AB, Umea, Sweden) 2ZE Qo0& AR5}
Sensitivity = Recall = ————
TP + FN Z431F Ol xF
3. EJ-I' = J_'—,é
TP(true positive)q= E4 mjut 552 AZo] g 3.1. 0/3/5t8 & 54

Wlegton gutas] BeE 490 folg ol TN A= Bxol Wy] Jro] h2 1£7120] ASTA 3, 7
(true negative)> &4 w5t 550 ofd MEo] 3 AtolA| ko] & e, Qo] B4 A= Fig. 10 Ul
mjout EZ2o® HEgx] oko A00| golg &2 oju|st ot BE A g9 $EIS 4.76-6.78%=, KS T2 oA
Sample” JC MR cY
Pungency notation Mild hot Medium hot Very hot
Particle size ratio® (S:M:L) 60:35:5 2060220 53560  60:35:5  20:60:20 5:35:60  60:35:5 20:60:20 5:35:60
Label Jcs JCM JcL MRS MRM MRL CYs CYM CYL
Image
Moisture contents 5.54 5.86 6.78 476 5.09 5.52 6.50 498 5.52

+0.12% +0.75¢ +0.12' +0.13° +0.23° +0.15° $0.11° +0.07° +0.08°
ASTA color 69.05 65.15 63.87 61.50 56.89 51.97 87.09 76.97 74.41

+0.71° +0.49° +0.69% +0.48° +0.74° +1.51° +3.69° +1.88' +0.69'
Capsaicinoid Capsaicin 83.22 79.17 74.17 224.93 222.95 210.78 667.25 582.86  540.60
(mg/kg) +1.66° +0.32° +0.73° +1.72° +3.87° +1.89 +12.40° +34.800  +4.78°

Dihydrocapsaicin  55.49 51.92 48.02 205.27 207.12 195.39 257.06 22416 207.39
+1.05° +0.11° +0.48° +5.22° +4.36° +3.75° +4.69° +13.02¢  +1.73°
Total 138.72 131.09 122.19 430.21 430.07 406.17 924.31 807.02  747.98
+2.712 +0.35° +1.17° +6.48° +7.14° +3.62° +17.08° +47.82¢  +6.48°

Fig. 1. Physicochemical properties and appearance of red pepper powder. "JC, red pepper powder produced in Jeongcheon-myeon,
Jinan-gun; MR, red pepper powder produced in Jeongcheon—-myeon, Jinan-gun; CY, cheongyang red pepper powder produced in
Jinan—gun. 23, less than 0.425 um; M, 0.425-0.850 um; L, 0.850 um-2.00 mm. PMeantstandard deviation (n=3) with different

superscript letters is significantly different at 5% level.

922

https://doi.org/10.11002/kjfp.2022.29.6.918



Korean J Food Preserv, 29(6) (2022)

VJ erxéoﬂ/ﬂ T ?‘QO] ‘:1'97 ‘H}Eﬂ] X¥g 5 %1‘:}.
ASTA #2 FAALRloA 1Z7189] M RS g2
&, Choi 5(2000)9 Aol 9JotH 157H52] ASTA %
< 60.5-183.42] Hfol AL sttt & Ao AR
Al&E9] ASTA #2 51.97-87.092 -FARRE M9 Yo 23
skt d=7t A2 JATE Wol ExTFF ASTA o]
FoAoR =oton, 23to] Mol ¥l Hrrt =2 AHTF
o] Yyepgtt 17FE M carotenoid®] capsanthin}
capsorubin 5Ol 7915k, F2A; ASIE7] A3 7R,
A% & =] Mzrt 86 M 4 IthChung
5, 1992). WEhA 1%7pRo] Mt 22 g et
Ao miuts Wshs A2 ojEoh

139 wjlew AEL  capsaicinoidd SRIEE
capsaicin¥}t d1hydrocapsa1c1n°] £ o|FH, & A+

Ae o) JES Aokl capsaicinT} dihydrocapsaicin
9] 3+ total capsaicinoidztal A5t} JC, MR, CY+
Zcapsaicinoid ¥%9 W7 Z4ZF 122.19-138.72
mg/kg, 406.17-430.21 mg/kg, 747.98-924.31 mg/kg
O & e Wjgt 5E2 <t BE v, meute
2 AL 5 Utk A8Y 7L Aol capsaicindt
dihydrocapsaicin 352 A& 22 Yz} Ex7} W
T5 7t A% Btk 5= IA 345, A, HF
& /4™, capsaicinoide EiFAA F2 G 1L

= ol 1 9hg £32of| AolE EItHYu 5, 2009). w44
Y F 2Ao] AjF o ot giFe} st £of Sl=
Auto] 7H WAl Bl wf, YLrt 22 1E7HR
capsaicinoid &&go] EoHAA E= AoltkLee2t Hwang,
1998). webA A& &9F Rx7F =W IE7HF9 Ao
uufegte] gebd & glong uxvbee] etk Arg
TS off kol oiet JE7F vEE "art ol

3.2 Z=B2Z 0/0/x] ATEZ G4
Fig. 2= W& Arel 9w Bxnrl o2 1371204 &
H 289 B9 2HEFS el Zlolt AHEY

flo ot

_Iln
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W 2 2, 175+ 36828 ©53kE 50-60%,
2o 10-15%, A 10%, 3& 5%= FA4=0] glon
Z(Jeong 5, 2005), LE AHEHO] Fe= FARIHC
™, A&l wet ARl BiAb oA ZolE Helth 5
H % 99diE Wk 1,120, 1,220, 1,510 nmA2H,
£3] 1,120 nm&} 1,510 nm= Mo 5(2011)°] &2 744+
o[l £UEZ AT A UEHY % peak 9= T
1,100-1,120 nm, 1,510-1,530 nm YA LA|s}¢ich
1,120 nm, 1,220 nm, 1,510 nmoﬂ/ﬂ«] &35 peaks Z+
Z} CH3719] 24} 83, C-H71Y] stretching A& N-H
stretching 12} #jol <5 WAYStcHPark &, 2008;
Rambla &, 1997). T3, &2 137152t 4= 2717}
Z45 SAHEY ZE7 Wok=t, ol YA 2HHo| &
_/F_E%.%]OEHEiiﬂ]O] l:l ]—7]—Q _Q_]«EO] }.-:.OU:] 71
= Qs &3 AlAE =ddt= Yol o] E0l&7] Wizl
o NIR HHA} AHEH S QA9 27], %, 9% 53
72 2ko] B8]0l EAT} #=o] Itk Barajas 5, 2007;
Gupta &, 2005). 74Ato|A| o] Eof| Tsto] & uf, o253t
o] &2 ARY4E 1,490-1,600 nmOllA] reflectance 4=
7t &2 A% A A 288 H“]‘E gl o] & o] A]
AZFARL Zpo|7F U AE9] A= wig-gtel tht AdTh
29l Hlu7}t 7hsstlth.

1L F£AHoz FH5}
&H F 450709 127tE

2 2MERS olgale] 248 EAS 29T 1 2
2244} 32149 score plotl = HERH Zolh. A1
FEPCYOIA A2 FAAR(PC7HA /324 AR&-st
of IHUEY 99%7t AU Fig. 2(B)oA= &2 o
A 27t g2 MEYTE(RA @) PC1Y 49 e
2 3= o, PC3ZHA 28 == 33+ plotolAl=
oj2gte] Frof wet 34 3719 IFe R EHAH. 2
B AHEYL E5] £HO] 0-H7|9 vibrationo] W7
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Fig. 4. Performance of data preprocessed PLS-DA model for determining pungency level of red pepper powder. (A), Model using
spectra at full wavelength; (B), Model using spectra at selected key wavelength. SNV, standard normal variate; MSC, multiplicative
scatter correction; SG, Savitzky—Golay first derivative: AC, accuracy: PR, precision; RE, recall.
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Table 1. Performance of the PLSR model developed using hyperspectral data with various preprocessing at full wavelength and
selected key wavelength

Wavelength Pungency Pre—processing” 2 Training model (n=315) Prediction

region component . . model
Calibration Cross-validation (n=135)
Offset, RMSEC R Offsety, RMSECV R.2 R,2

Full wavelength Capsaicin Raw 6.6863 33.0606 0.9776 6.8902 34.0150 0.9764 0.9700

Normalization 7.8969 369279 0.9735 81336  36.7714 09725  0.9631

SNV 94645  39.3325 0.9683 9.6388  40.0263 0.9674  0.9531
MSC 94645 39.3322 0.9683 9.6324  40.0252 0.9674  0.9531
SG 3.8072 249469 0.9872 42379 259852 09862  0.979%

Dihydrocapsaicin ~ Raw 3.7256  12.0341 0.9769 4.0572 12.6012  0.9748 0.9719

Normalization 27254 10.2924 0.9831 2.9807  11.0459 09807  0.9807

SNV 1.3245  7.1757  0.9918 14575  7.6669  0.9907  0.9740
MSC 1.3231 71711 0.9918 14559  7.6572  0.9907  0.9736
SG 2.7787 10.3926 0.9828 3.2467  10.8770 09813  0.9685

7.6009  37.0957 0.9835 8.0960  38.6849 0.9821 0.9833
14.2431 50.7809 0.9690 147314 51.8528 0.9679  0.9568

Total capsaicinoid Raw

Normalization

SNV 11.1449 449196 0.9758 11.3963 46.2343 0.9745  0.9712
MSC 11.1453 44.9193 0.9758 11.3844  46.2284 0.9745  0.9713
SG 10.6840 43.9810 0.9768 121489 449624 0.9759  0.9649
Selected key Capsaicin Raw 17.7601 53.8793 0.9405 18.0993 54.8613 0.9387  0.9221
vavelength Normalization 21.0571 58.6663 0.9294 213966 59.5285 0.9278  0.9110
SNV 19.3931 56.3022 0.9350 19.7744 574230 09328  0.9241
MSC 19.3318 56.2113 0.9352 19.7084 57.3285 0.9331 0.9242
SG 17.6862 53.7674 0.9407 182175 54.7148 0.9390  0.9153

Dihydrocapsaicin ~ Raw 10.0777 19.7921 0.9375 10.2481  20.1908 0.9354 0.9351

Normalization 10.4678 20.1710 0.9351 10.6284 204738 09336  0.9268

SNV 10.8211 205091 0.9329 11.3596 21.2718 09283  0.9123
MSC 11.0828 20.7554 0.9313 116233 215150 09266  0.9103
SG 93156  19.0280 0.9423 94943  19.3864 0.9404  0.9355

28.1112  71.3358 0.9389 286070 72.6496 0.9370  0.9261
32.2657 76.4280 0.9298 32,7568 77.5534 09282  0.9158

Total capsaicinoid Raw

[CS I N S G & L N o0 S N B *C B OC R O B & 1 B I O I S O s N © I S B o) BN e BN ) B I A O N O

Normalization

SNV 5 25.1292 67.4507 0.9453 262636 69.9567 09416  0.9354
MSC 3 35.1339 79.7534 0.9236 359736 81.4185 09209 09157
SG 3 26.4502 69.2007 0.9425 27.1553  70.3840 0.9409  0.9235

SNV, standard normal variate; MSC, multiplicative scatter correction; SG, Savitzky-Golay first derivative.
2F, factor; RMSEC, root mean square errors of calibration; R, correlation coefficient of the calibration; RMSECV, root mean square errors of
validation; Re2, correlation coefficient of the full cross validation; Ry’ correlation coefficient of the prediction.
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