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Trends in non- destructive analysis using near infrared spectroscopy in food industry
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Abstract

Near-infrared spectroscopy (NIRS) is one of the

representative  non-destructive and  eco-friendly
analysis methods used for rapid analysis of various
ingredients in the food industry. To develop analysis
model with NIRS, Chemometrics are applied after
pre-treatment of spectrum. Many studies have been
reviewed on the analysis of general and functional
components for agricultural and livestock products. In
the case of livestock products, some studies have been
conducted for on-line analysis. This study investigated
results on various samples and component applying

near-infrared spectroscopy. Furthermore, the results

*Corresponding author: Jong-Rak Park

according to sample condition were compared. It was
confirmed that NIRS is applied to various fields in the
food industry.
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w2, A 59 AR dAEe dg D A4S 9
3t UV—visible, TLC, HPLC, HPLC/MS, GC, GC/
MS, ICP, ICP/MS 59] #4& 82 3hHCoz—
zolino, 2009), o|& oAl ulf-9- Edslar, W
S 7} AR, 248 919t 17fe] Al Eo] I
Zlo|m, AR}l L3 o) up2 BaAytke] o aprt
RS H= 50] A1 S 7R a1 QlTt,

o|let SIS FE3l] St shte] o = H]
ul3] BAHo| 2| 5w Q) Hluky] 2L
EAGAL A 50] AF MBS 2|Aslslo], BAlstaia)
= akEo] Avghe 7hst AR B3 HEst
AT A3z} gl 1 HAo] it vluty &
AEL olSg FYES B
H2, o2 ngS 53 BAsls AlFias)st
(chemometrics)¥ A3ste] A= W @73h= 5
o] BAINE 35St vluta] B A F o]
o, w23, Jeste, w5787 HAYSHA] oo
o, BAIEA o] 7HsgE EAJo] Qlof, XAgte] HA
Ut Q7= D2 Ao S Eof mhE Avighe)
xp7F HAslEls o]Fo] glo] e Al B
o] dZolck(Park et al., 2020).

ZA A BaHL 700nm oA 2500nm AFo]9]
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ot Fejde FHLANIR), FHJHMIR), ¥
HLA(FIR) 2 FEEH, BHo BA M55
of &Jgt of x| e] H}E Z7sto] HAlo| o8-t
(Cho et al., 2011). 2A A4S o] &3t BEAHL 4]
2O YN RS BAstal, BLES TR, AR
ZF 2439 Apo| & gelstar, UnkA o= A A]X] oF
2 HEO] HEdh=Y| AREE oYt Berhow et al.,
2020). A QA BgHS W2 ARE o]g5) &4
i A=Q] HFAS 2HAJshH, W o] ARE
W= 31 Y SkstA| Bk o) AREE 4= QUT

2

rhu

A 242 700nmof 4] 2500nmAte] o] -2 7}
A= o] golt}, A o] A= 1~2 mm 7
T AFste] 240 7HA= EARES] 1535 9
gt o] o] MzkE Sl 4ol E-8-sk= o]
of, A QA 7HAPEA] Hek ol | 2|7} Ral FA] 9]
A(MIR) Ht}= oUA|7}F 0w, 2294 of oo
A= C-H, O—H, N-H, C=0 59 #8717} 4=
FRseka, skl Zolol mreb Zizke] 1, 23}, 3
2} vll&d(overtone band) 2 Ad(combination
band)& WEPATHVilar et al., 2020).
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a3 2. 2HeiM Y| mhgel Zolof e S

Zolo] ufe FHE, o] Ak, Ft
=, M=) F7 Y7t ke S4o] ek, shgol 4
oS Gt A4 09 4k o) g
Ho] FAlol ZeiA Qe AsEo] gt s)Ho] of
e9n], st e 790l 1% we) Al HE
AL R, FHET FAl] oFlA 2=
Y HAL nb R ojelelalt, 53, R
79 shggo] Woldl 4% Eabel AR, AR
Wel S BAT ol A5t togel
42 mR e 9ot gok gebd 2o
Rge o] 4L Tefsle] B53 AHES
=1

=~
TS 385, WAkt e gd 55 24

NIR raw spectra of black pepper
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11, AMEY A2

|11, CJER/E (detrend, DT)

+A 9 A Eof| A= ahto] dojdes S
L7} oAz BA0] Ut o] % 7 abollA &
A = gho] LA L)A ZAfol| whE o | %] 9]
of &gt AR, o] dolof ukE ARIXE 24l
st7] flsliA, Aatglel =418 AlASH= DTE &8
Edof| AejstA Hot, 19 32 U 559 239
A A~ EHo|tt DT 495 H|ush, DT o 4
o] B4 w2 3= o] B, mpe] Zoj
of w2 AR FAIZE AAEe], 1Y 39 5 &
o] 7|&Alo] Q=] o] Qa2 ER1E 4= Qltt. DT
= R Aol A AREER= AR AR &
A =20 whet glo|E| o] F=AIE AlASH= Aol A
32| of o3t o] H= tt2ch(Wu et al., 1995).

| 2. BZ YHF (standard normal variate, SNV
SNV 2HERS A3E floiA 2 2EEY
o] F4to] 00]al EFHA} 10] HES 173 3
WO = Wi AR FEHALR U= Aotk SNV
£ SOl AR S AAT 4= slew, Be
A ERo] A& v|art 7t HBarnes et al.,
1989). 719 4= SNV %59 AHERS v|wgh 24

—

NIR raw spectra of black pepper + detrend
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NIR raw spectra of black pepper

0.9

0.1 x
il AI78 VUBR 1998 TATH 140K T578 T00W 1798 VRN THOR T07R SUSH D100 SUTH JUBH J37H JANH

02 4. NIRZ 0|83t LS 50| FAAHEZ(F), SNVAZ|E BAIA

Sfolof, SNVZTe] nfebd sbgel e B4 y5
of gho] Htol o] H=S WHEo] 9L Feld
% Sle

[.1.3. =& (derivative)

Derivativer= A] 28 EZS njEsto] Ao
HEHSE 18 nfj ARS-E= A A 2] Wolt}, Deriva—
tive Z-851H AHEY WMEO] A7 st E oF
A A171H, e A3E 1E & 4= tHRinnan et
al., 2009). Ei= AT E o] Al (combina—
tion band)oll ] FHA = WES FE6h=
+ 3¢l HHA, signalo] S7Hete WE noise™
Z7V817] wjiZo| signal to noise?] H|ELS ZHAA
7171 93l Wi=2] smoothing 2+ Wagste] A}
4 Ho}, 7Y wWol ARE-El= smoothing Yale|E
L Savitzky—Golay 5°] AtHSavitzky and Go—
lay, 1964).

>

X(multivariate statistical analysis) &a12]Z& t}
%3] A EEA (multiple linear regression, MLR),
FAEEA(principal component analysis, PCA),

NIR raw spectra of black pepper + SNV

oHE a1(_c'>_)

——0

FAES| A EA4 (principal component regression,
PCR), F-E-2| A5 3] 54 (partial least squares
regression, PLSR) 5°] Al&o] AaF 2 AA] wd]
NS Q5] F2 AFEEITHCorreia et al,, 2018).
OHsF TAREA YaelsE &8 e nd2 4
A, Bt Ala 4L s o HAHE 5= ]
B5to] Gristar mAe) 7F/dS Bkt

1.2.1. Z8%%= (R Squared, R?)

AAG= thHE SARA dadss &
uel mele] A giah ol gk Alole] He
Yol= Aol LRk}l 3] AloA S
ol Ay 7hset Sl thk 24k BlES o]
sk, = R4 Alo]] Aol =& = 19 77}
9 e mule) A2 gk o gk Aole] Fol7}
2o 2 oujgicy,

7h

A
=

flo St

122 B Had 2XHroot mean square error,
RMSE)

P AREE @2z A A oS gk Alele Ab
olo] A=E RIS 4= = Aotk AR
o] Tjet dAJsto, Fho| HS5= AS dt 9
= 3k Alele] ztol7t A5-S ou]gttH(Valderrama
et al., 2007). BoAlEE ex= A 71 1
(calibration group)} WAFAZ 18 (cross valida—
tion group) T+ 9| 7} 15 (prediction group)At
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SEEREREERTEETEEEE TR
AR1A} =5 AA skt e ANET A 2o}
(standard error of calibration, SEC), WAFHS &
&9 2}(standard error of cross validation, SECV),
|Z FZ 2 2} (standard error of prediction, SEP)
T wAYET TUT de dEEE iEE B
4 Jrlske RO RE ARETH ARl Bt
AT LA ok AR 424 13t Zeh(Porep
et al., 2015).
y;)2  §= prediction value
n y = reference value

Rusg = B0 20 A1)

1.2.3. 4% Ul HXH[E (ratio of performance to

deviation, RPD)

s o AAIES EFAHAE FHAAEEAL
(E= F20HE o] 7 o] F48 13
7Vel= ot A of HARH|Eo] 2,0~2.5 At
ol= 7idE mdlo] i}l ASALE=E 7HAIH,
2.5~3.0 Afol= F2 dI5HeE, 3.0014-2 FHol
g olE AYEs /s mdg HrhEckNicolai
et al,, 2007).

I Reference value

o -
= =

RPD = Stadard Deviation e
RMSE(call),cvz),pre3)) ( 2)

1) cal : calibration group
2) pre : prediction group
3) cv : cross—validation group

1.3, 252l 2Yyo| FuH

S QA e Q] vluky] Ao R
AL nj$ wan A7) At de ¢l
At 2| 43ke] AA et Q1= ohekeh 429 5
AlEAo] 7hssttt, 3t Al B A Tt Al st
a1, YRR of| ARE-El= 7718l 2 #H-Euf 7 Ay
SHA] o= grdo] QltHde Souza et al., 2016). o
o}, LA Q)4 B o Eal B0 olu} 7|75 Ao
H]3] AE3IHA(LOD, limit of detection) & A&t
A(LOQ, limit of quantification)”} =11, AsF =&l
7S Qe YHEEA] HlolE 7t d4d o R g
tHJamrogiewicz, 2012) ARt 7|74 dlolEl 9]
7 E, AT =2 5 e 2l A
e =Y 4 U, oldg doe Etstar, 4

Spectra pre-treatment

Detrend
Standard Normal Variate (SNV)

Derivative (1%, 20 )
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I Model development
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Multivariate statistical analysis

Multiple Linear Regression(MLR)
Principal Components regression (PCR)
Partial Least Squares regression (PLSR)

Model evaluation

R squared (R?)

Standard Error of Estimation (SEC, SECV & SEP)

Root Mean Square Error of performance (RMSEC, RMSECV & RMSEDP)
Ratio Performance to Deviation (R’D)



H A 2N 23HS 0|85 M= S22 YUtYE 24 51
2g z2 Sastm | ool A24| s | umals [
A ‘Brix | 162 | 7.45-17.00 | PLS | R’ =0.89, SEC = 0.62, SEP = 0.75
A\ Soluble | ‘Brix | 158 | 8.42-23.55 PLS | R’ =0.97 SEC = 0.5, SEP = 0.49
B solid content | R = 089, RMSEC = 1.25, RMSECV =
A Brix | 300 11.4-30.6 PLS | |53 R® = 088, RMSEP - 135
Glucose 23.64-217.38 R’ =0.88, RMSECV = 21.1, RZpre =0.86
Fructose 28.37-240.03 R? =0.82, RMSECV = 21.34, R2pre =0.76
Sucrose 40.43-396.22 R? =0.72, RMSECV = 46.19, R2prc =0.69
T HF2ZE | Total sugar | mg/g | 56 | 92.44-762.89 | PLS | R’ =0.94 RMSECV =434l R’ =083
A= Citric acid 113.92-435.03 ’,= 0.87, RMSECV = 30.01, R? = 0.83
Malic acid 7.21-81.87 R? =0.57, RMSECV = 16.43, Rzpre =0.51
Total acid 136.24-500.29 R? = 0.93, RMSECV = 26.76, Rzpre =0.90
Al Sucrose | ‘Brix | 92 10.4-17.8 PLS =0.76, SEP = 0.55, RPD_ =~ = 2.5
R>, = 0.87, RMSEC = 2, RPD_, = 2.08,
Fat S1.17303.4 RMSECV = 2.08, RMSEP = 2.5
o - R = 0.76, RMSEC = 1.92, RPD_, = 1.7,
2= Free acidity | g/kg | 174 0.9-212.0 PLS | pMSECV = 221, RMSEP = 3.07
, R? = 0.89, RMSEC = 2.46, RPD_, = 2.32,
Moisture 314.2-745.5 RMSECV = 2.96, RMSEP = 3.48
R’ =096, RPD_ =037, R* =073,
Fructose % 51 29.07-35.18 RMSEP = 098, RPD,_ = 1.48
o PLS
e ol . “ \ 56553 R =099, RPD_ =0.09, R* = 0.99,
A= ucose | % 363, RMSEP = 0.18, RPD,_ = 2.98
— . R? = 0.98, RMSEC = 0.26, RPD_, = 4.65,
a7t Protein % 104 | 2.53~6.93 PLS R® = 0.96, RMSEP = 029, RPD__ = 4
. R® = 0.94, RMSECV = 5.3, RPD_ = 3.1,
oil % 199 18.9-81.0 R =001 “
Ane | nlhchalol u MPLS
i . R? = 0.89, RMSECV = 0.1, RPD_ =2.2,
Moisture % 105 1.4-42 R =079
Sl Ege AT vty BAMoR clb B AR 5 Tl ARIA 8T gl 54 A
ofof| A G- 3L §lt, HollM= s54tae SIS ol didE &
HElR 9 7154 A=) 74 Sl de ol 8=
2, 2HQM FPHY MG Aom AadAel=E HAdFe mAZRs B, 9
HUARS] RB B 5 W MR e Seu
A B SAEA, AR, AR3tsl, i Sol| AgEThCamacho et al., 2003), Aok
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H 2 Z2XeM 2HE 0|85t ¥z sMEL| 7|sHE 24 sigt
== =5 =AMEE e N ] UneE 2ozt
. R, = 097, RMSEC = 67.3, R = 0.95, RMSEP
Total phenolic acid 1005-2140 =706, RPDprc —45
- | anthocvani ) 0 g [Ri= 099, RMSEC = 28, R, = 096, RMSEP -
£ Total anthocyanin content mg/ g 1 348-1316 PL 3809, RPme ~48
. R’ = 095, RMSEC = 1282, R’ = 0.94, RM-
Condensed tannins content 984-3351 SEP = 1303, RPme _38
*, = 077, RMSEC = 282, R® = 0.5, RMSEP
Lycopene mg/kg 162 | 0.840-36.791 - 65, RPDWE -16
EutE PLS
o ’, = 0.8, RMSEC = 0.28, R2pre = (.34, RMSEP
Total phenolic acid mg/100g 162 | 18.050-30.727 -2, RPDpre -1
Rzm] =0.95, RMSEC = 18.89, RzCV =0.84,
Total carotenoid 0-271.6 RMSECV = 32.84, RPD_ = 2.55, RZprc =0.96,
RMSEP = 28.7, RPD_ = 3.34
R R2,, = 0.72, RMSEC = 15.87, R = 061,
o-carotene 0-110.0 RMSECV = 18.76, RPD_ = 1.62, RZpre =0.96,
RMSEP = 17.07, RPme =274
R? = 0.95, RMSEC = 10.65, R* = 0.89,
v B-carotene nmol/g 66 0-144.8 PLS |RMSECV =16.16, RPD_ =3.06, R =092,
RMSEP = 26, RPD__ = 1.68
R* =077, RMSEC = 2.3, R* = 0.66, RMSECV
y-carotene 0-14.0 =282, RPD, = 1.72, R2pre =0.82, RMSEP =
2.25,RPD_ = 1.9
R2,, = 0.41, RMSEC = 2.84, R’ = 0.3, RMSECV
Lutein 0-14.0 =31, RPD_ = 1.2, Rzpre =0.56, RMSEP = 4.75,
RPD =116
Azt Total polyphenol % 92 1.12-2.73 PLS |R’, =0.85 SEP=0.13,RPD =238
PHFEE B-carotene mg/g 56 0-0.287 PLS  [R%, =082, RMSECV = 0.05, R® =077
Piperine 2.75-5.0 R? =083, SECV = 0.1
Essential oil 0.80-3.60 R* =091, SECV =027
a-pinene 0-0.18 R? = 0.96, SECV = 0.01
B —pinene 0.003-0.29 R?  =0.97, SECV = 0.02
Sabinene 0-0.75 2, = 0.82, SECV = 0.07
e | =2 Myreene mg/100g | 5l 0-0.08 PLS [, =095 SECV = 0.01
a—phellandrene 0-0.16 R? =09, SECV =0.02
§-3-carene 0.005-0.80 *a = 0.94, SECV = 0.07
Limonene 0.01-0.52 R? =096, SECV = 0.04
p-caryophyllene 0.26-1.22 R, = 0.82, SECV = 0.1
Caryophyllene oxide 0.005-0.14 R’ =0.83, SECV = 0.01

Xel 393 (2022)
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22 [ == EREE oo [ANz4| s [ gueE A3}
R, = 0.94, SEC = 0.03, R, = 095, SECV
Bisdemethoxycurcumin 0.16-0.79 =0.01, RPD, = 2.8, R* =0.85, SEP =0.04,
RPD_ = 2.65
R, =092, SEC = 0.05, R, = 0.94, SECV
Demethoxycurcumin 0.21-1.19 =0.06, RPD, = 3.08, Rzprc =0.89, SEP =0.04,
RPD_ =297
7 2/100g 129 PLS |-
R, = 0.93, SEC = 0.1, R, = 0.93, SECV
Curcumin 0.64-2.70 =0.12, RPD_ = 3.26,R* =09, SEP =0.07,
RPD_ =324
R, =092, SEC = 0.18, R, = 0.93, SECV =0.2,
Total curcuminoids 1.01-4.66 RPD_ =3.18 R* '=0.86, SEP =0.13, RPD =
/)
Essential oil ml/100g 3.36-8.37 =0.93, SECV = 0.29, SEP = 0.27
HERE Limonene Composition| 95 38.60-6037 | MPLS R’ =091, SECV = 131, SEP = 1.69
Carvone (%) 39.63-61.40 R, =091, SECV = 131, SEP = 1.69
SRAI ] ;
0 Essential oil ml/100g 0.04-2.14 R’ =0.93, SECV = 0.1, SEP = 0.09
Aejeke it 95 MPLS
e Linalool C"mﬁ;jm"“ 45.80-75.60 R®, = 037, SECV = 48, SEP = 457
0
Essential oil ml/100g 2.79-13.82 R’ =0.96, SECV = 0.3, SEP = 0.3
E! Limonene Composition| 115 | 40.70-58.00 | MPLS R? =08, SECV = 1.42, SEP = 1.48
Carvone (%) 38.60-53.70 R =0.52, SECV = 19, SEP = 2.12
Essential oil ml/100g 3.19-8.22 R’ =0.83, SECV = (.47, SEP = 0.55
Anethole 50.80-83.40 R, = 0.91, SECV = 1.94, SEP = 1.82
Hd iton| 123 MPLS
- Fenchone C‘)m(p;?“"“ 0.69-33.60 R, = 094, SECV = 151, SEP = 162
0
Estragole 1.87-3.17 R? =087, SECV = (.09, SEP = 0.09
s . R, =092, RMSEC = 0.17, RPD_ = 3.35, RM-
B 1301 3.128-6494 SECV = 0.23, RD, = 242
Piperine g/100g PLS
. R, = 0.83, RMSEC = 0.23, RPD_ = 2.2, RM-
5¥T 124 ) 3.128-6.019 SECV = 029, RPD, = 1.74
Caffeine 0.95-4.13 R? = 0.86, SEC = 0.34, SEP = 0.4
o= 7] g/100g 83 PLS
Theobromine 0.10-0.67 R’ = 0.5, SEC = 0.07, SEP = 0.1
o} Zofoll A= e Al el ol B =2

Hgsyat Alelol A Aol B e AT A
A mUEE oh7] 919 AARE BAOR F2 ALg
o A3 T B Ao Tiet ALz s
2, Wa el that A4 R HE AF] e 5
£ A%, 37] 5o o] AgEn, B3, 452

s

S0 A A B AE FA2) Bl 2]

o, 3k vfet A3}, SFE%
2540 HYEH Foll AATE 3]
ItHMacho and Larrechi, 2002). &

i A

A= AL

Jo] mUEe, sjsh
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oA SA1E AR Hoo] 2AelA By o]
CERL T

£l
o] gtk YEbdE 2 8, T 7ML E
(soluble solid content), TR 24} 5o FH-2
A8k= AREE SO, e el -

5 B0 e dEee] O Be AR

R

1 =
Trwol gy MY PFS THLM B o

X
3 150 a2 eAte} A g 15 AS5HA
Qape] zpol7} A2 ¢S ERIE 4= A tHCarlini
et al., 2000; Herrera et al., 2003).

HF2E O Tt 9 {7)4ke] SRS At 4
ol A= A ol whet A Y 1F D o
5 2 A5 159 REES Aot e Eldd 4=
A om, tjFEo] 24 oA 0,942 R
2 3}l HRl o1} sucrose X malic acid®] 7--oll=
Rt Wol BAHE1e] Autghol Abol7} A
Ik o= Q1ItHde Oliveira et al., 2014), Akt2]
sucrose FS B4R Ao A S HFZELL
ARRE 28] R#gho] SlE|9lom, 2.5 =2 RPD
£ 3olstth(Schmutzler and Huck, 2016).

SA LA S o83 SejEe] A, AbE,
TS BT AolA= A IR R
0.760°114 0.89%1%] oA El=|lom, o= 4t 4
% 152 RPD 4to] 2.5 o[/ o2 &RlE]o] =2 4
= AT S FolsktHSalguero—Chaparro and
Pefia—Rodriguez, 2014). A2] glucose ¥ fruc—
tose @gell B Aol AFA Y 159

stat Aol 3935 (2022)

R o3 gt 1% 18] R9) Aok 24 elgte.
), fructose®} glucose?] 9= 4k A= 1529 RPD
7}7} 1,48, 2.98 ©19THNiu et al., 2012). 0}
of th 2] ko] A9 wdl HgAd a5 S 1E
O] R} B 0,950 F019lem ol gk A4 159
RPD7} 42 SR1E]o] 7iihe mdlof fHod o7
St S-S FRIsHI Tk Magwaza et al., 2016),

MPLS(modified partial least squares regres—
sion) LIS o2k ulzfctulot el 29 3
T el T AtollM= A5 i HE 15Y
R 0.94 % 0,892 =RQI=|glon], o]
745 2o vig] B2 A& Y s SRl 4= 9l
ATHGuthrie et al., 2004).

T U R RG] A 2 g E ol f
3k 7R B Ak ookt At el
ATHFE 2). 3E=2] AL total phenolic acid, total
anthocyanin content, condensed tannins content
g 24T A PLSYae|Ee R e A
Al 159 R? o] A B4 0,950 &
sRlstlon A% g HE L1ee RPDgto] 2%
3.801d o2 2 dEAg=E I 4= Tt
(Fragoso et al., 2011). EUFE Q] lycopene I} total
phenolic acid w4¢f T3 AFtolA= 16271 Ent
E ANEE A3 2yt F s BRolA HEgA N
2 759 R? 7} 0.8018k9 oW, A% gk AS 15
O] RPDE] AH$-olte Z}2} 1.62, 1,242 22 o 57
e E 2RIsHIHLiu et al., 2015), B} 73
o= HFA N 1, A1 F O1E, A5 4 A
182 o]-g3}o] thfst carotene 2} total carot—
enoidE <A EA43F 2akE HSsHT total
carotenoid®} B—carotene®] - AFA 7 15,
A& 2k HE FolA B 09001438 RG-S &
et o 9= gk A 152 RPDE] 7% total
carotenoid&-Eo| ATt 3,242 FHoldt o= AHe =
£ eI} 8Fe] a—carotene, y—carotene,
Lutein 352 W2 R%@} w2 04} o= ZF 1+
31 28 RPD ko] ElE itk Davey et al., 2009).
I AHFZE Q] B—carotenes 4% Ay} WAPES




o

H 3 2HelM B2 /88 712 SMB0| ME BA B

== AR e B PN 25 dn2E =40
A Fat 2/100g 15 21.43-39.29 PLS |R? =0.98, SEC =121, SECV = 1.54, Rzm =097
Protein oy | 112471715 R2 =099, SECV = 0.1, RPD_, = 13.25
)7} Amylose % 035-2685 | PLS |R® =0.92, SECV = 1.92, RPD_ = 3.62
Ash 41| 0.26-0386 R = 0.96, SECV = 0.03, RPD_ = 5.27
=2t Total phenolic acid | g/100g 50 22.03-30.71 PLS Eﬁ:l z ?)23, E:/I/;]]Egg : (())4112 FSEEY =035
Hi & Pectin constituents % 123 2.25-7.52 MLR |R* =0.93, SEC = 0.53, SEP = 0.63

IF0A R= 0.82, dI& 3t A5 1894 R=
0.77=% &l=]ltHde Oliveira et al., 2014). Al
9] total phenolic acid $Fgel| tgt PLS €ale8]&S
283k 927 ARE e R g dAtollA HEFA
7R T159] R%= 0.85, 95 4k A5 154 RPD+=
2.8 &l5} tHSchmutzler and Huck, 2016).

71573& 7HAAL Q= ot a2 A=
A Ho} wo] A= QI $5== piperine, essen—
tial oil & HISEE TheRt RS0l £4 H =T,
5170 AES tiito g2 PLSY1E]&S o| 83| Ao
A 7 T1E9] R AF @ 1wy #2524
AREE AFtste], Alm 5 STk A5
T Les 771 A9 283 Ao 2 watE gt
(Schulz et al., 2005). &% 4 2E59] piper—
inedr-2 oF 1307 Al2E o= A+t At
= $5of|A S5 Hoh Hold R, RPD 4k &
= RRIste], AlR9] ol uhE L REe] o
A7t b 4= 952 g1k tH(Park et al.,
2020). MPLS¥a1e]&2 o|-&3t i o], ==et
o, g, 4] A7 2 7N 7|5 T R0
T3 Lo A= essential oil W ojFo] BA] g
oA =2 A 7 159 R? 9 W2 iz
T 159 AP A 2RI 4= AUAAL, e
Q9] linalool 2 B9] carvone &2 A 7
50 W2 R I 4= Itk (Schulz et al.,
1998). F4lE 9] dF2l 7F=e] 715 dwol tigt A
Tl A= total curcuminoid £F 79 curcuminF2)
A A Ak HERA P 159 R¥gEe] 0.920]

ol
o

)
olN

Y o

N

g\l

AU ERlst o, oS 3k A5 152 RPDEL
T 2,504 g1t tHKim et al., 2014). # 9]
9] caffeine ¥ theobromines PLSY 12|52 %
Lol 24 Ayt A i 150 R 3
LI 0,85014 92 ERIsFATHHuck et al., 2005).

FATSES A QA g ol e A= A
A, D7V, =2k sl A8 ks Eld 4= 9l
ATHGE 3). TR Q) A =4 g AafollAl=
15749] A85E o= HFd 7 253, A5
AT 1ol 2 R4S 21T 4= I IeK(Shi—-
roma and Rodriguez—Saona, 2009), H7}52] thH
2, opg A IES FARE dube EARNE B
ol 0,900 2] A 7id 152 R*E 2IE =
Aglom, Eo] el o] A WS 152 RPD
7} 13,25 2Rl o] 7k mdlo] FHold of| & 7
e S 2ol o 4= Q)SItHArmstrong et al., 2006).

£=2}19] total phenolic acid RS A3 A
M= AFA N L5 A5 2k HE LeelAl
0.97 o]49] RS RIS e (Wang et al.,
2015), v&2] pectin constituent= E45H Ato]
M= A A 159 =2 R ERIskgl o
7 mEo] diEAsteE SRl o~ 3= RPD
2 HER AAEA] ZFeHSirisomboon et al.,
2007).

22 U= X ZUIEE
B W HLEEC TAN B 48
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5, ac oS
O ¢ >
9 Scigice and W

B 4, ZEQIM BEYS 0183 A7 SAS0] Ut 42 B4 5
z= St | ogl | s wmelE| ARMH AR+ =423}
Intact R?_ = 0.62, RMSECV = 0.1
pH 5-2676.14 ground R = 0.42, RMSECV = 0.13
A L Tntact R = 0.7, RMSECV = 1.97
(Lightness) 2093-48.21 oLS ground 6 R? =0.55, RMSECV = 2.39
M g 7 08-93.16 Intact R? =0.73, RMSECV = 1.37
(Redness) ’ ' ground R? =0.52, RMSECV = 1.82
A b Tntact R = 0.6, RMSECV = 1.33
2317 0 29-21.38
71 (Yellowness) ’ ground R? =0.41, RMSECV = 1.64
_ ) Intact | 72 |R%, =049, SECV = 23.9, RPD_ = 116, SEP = 0.26
protein gound | 92 |R®, =081, SECV = 21.8, RPD_= 191, SEP = 0.73
IMF o . \pLg | et | 74 R, =089, SECV = 469, RPD_ =221, SEP = 0.79
(Intramuscular fat) £ ground | 105 |R?, =0.96, SECV = 44.8, RPD_ = 2.67, SEP = 0.86
Vo ) Intact | 66 |R%, = 0.07, SECV = 152, RPD_ = 0.99, SEP = 0.01
oisture gound | 80 |R®, =0.98, SECV = 33.1, RPD_ = 2.81, SEP = 0.87
_ ] Intact | 283 |R®, = 0.71, SECV = 8.8, RPD_ = 141, SEP = 0.49
protein gound | 271 |R®, = 0.83, SECV = 5.5, RPD_ = 2.18, SEP = 0.79
IMF Tntact | 277 |R%, = 0.34, SECV = 8.1, RPD_ = 1,09, SEP = 0.18
Ool: g/kg — MPLS ntac 7ca1 B B ov B B
(Intramuscular fat) ground | 247 |R?_ =0.73, SECV = 4.7, RPD_ = 1.83, SEP = (.71
Vo ) Intact | 289 |R®, = 0.56, SECV = 155, RPD_ = 1.25, SEP = 0.36
onture grond | 278 R, =076, SECV = 104, RPD_ = 1.88, SEP = 0.72
IMF sl Tntact R® =03, RPD_ = 1.1, SECV = 4
(Intramuscular fat) ’ ' ground chal =0.66, RPDcal =14, SECV = 3.1
=2 117] glkg PLS 4 |
Mosiun 043713 Intact R* = 0.87, RPD_ =23, SECV = 1.8
OIS ' ground R®_ = 0.9, RPD_ = 3.9, SECV = 1.1
e Le(Lishiness) 3 6ea R?,, = 0.76, RMSEC = 2.1, RPD_ = 2, R?,_ = 0.74,
ML #(Lightness 7. . RMSEP = 2.3, RPme o
e e (Redhes) L R?,, = 0.54, RMSEC = LI, RPD = 1.5, R _= 0.51,
e arRedness . RMSEP = 1.2, RPD__ = 1.4
AL e b Yellowness) T 13 R = 048, RMSEC = 13, RPD, = 14, R, = 0.55,
ry |7 ellowness . . tact RMSEP = 1.3, RPDW - 15
" res R2,, = 0.39, RMSEC = 0.2, RPD_ = 1.3, R _= 036,
P s RMSEP = 0.2, RPD__ = 1.3
- . . R2,, = 0.8, RMSEC = 0.6, RPD_ = 2.2, R = 0.73,
1P 0S8 ‘ 1 RMSEP = 08, RPD_ = 1.9
pH 5.51-6.15 R?_ = 0.24, RMSECV = 0.12, RPD,_ = 1.42
o | A% Le(Lightess) 38.14-49.99 _ R? =024, RMSECV = 235, RPD_ = 1.4
SF PLS intact 193 N -
154 | M a+(Redness) -3.29-0.04 R? =045 RMSECV = 0.58, RPD_ =2.14
AT b (Yellowness) -4.86-16.33 R* =0.75, RMSECV = 2.18, RPD_ = 2.82
12
Agmsta g 398 (2022)



slo] BAlRE ATATAE $AE D SAVEE
3 chEA AgEE] WPt &, WA, B, Fo=
AgrE o AT 2R 9SS AT 4= gL
B, ol 24HEe] S Am|E ZFo] Aatao]
7] wholc,

4 2 WS ol 83te] 2420 U
gEel AE bl A, SRRl 58

Ll

A-tet dafolt, FARES] ¢ Al=e] AdEfol of
hH| AT E AP AT}, 4a17]9) pH 9 MEE
A% A3} i Fte] Aol A A AdEfoll A 2]
Zrol 243t Aef o] Axpgkat vlwd off o W2 4
1= 315 tHDe Marchi et al,, 2013), HFHo|

2:01719] Tl SR, Egkeke] B A
TolM= 2 o] dupr 24 wiEe A
o gt Aaks gRRlstl o, A i 1
o] EafE AlmollAel A ISR, 2t
o] R2gke] 0.81, 0,96, 09892 ielatylon,
ZAE 159 RPDYYe] 1.91, 2.67, 2.812 215
ATk MPLS Yare]5-E o|-§sto] oFof whulal
SUA, S Aottt daf 4a17) 9] Aot
R HA 2 e AR Auprt 243 AlR kot
Holwtor, 2743t A|59] wAES 71529 RPD4E
& 1.41, 1,09, 1.25% w9 =2 24 &g es
g3} tH(Cozzolino and Murray, 2002).

| a17] o] SR 9 R B4 o
Trofl A= EHlE AEiY] Almoll A 24k AEie] Al
BT HFA i 159 R? 9 RPD7F Hold&
sRlstRon, Eetafe] A folli= AgA i 1
=9 R? #ko] Al=o] Feje} FasA vt 3k
golslth(Barlocco et al., 2006), HA]aL7] 2H4]
FE o8t ME 52 BT A-tolla= =4
Sk e o] AlRof PLSY 1|52 o] &8l 4% 4
o} e 520l RPDE Belalgion, 411719 4

= A% Ao} H|egh 0] RAgES %153
CHKapper et al., 2019), 59| 7R o83t 4
= 9 pHE 4% Aol = A A= FAF
gt AV RIS 4= Qlo], 29 S ol &
St e B0l = Hoh w2 A7 BR%S 2T

4= 9J%ItH(De Marchi et al., 2011).

3 5= ARG AR Al W 7] Eel &
Alof gt Atdatolnt, FARES] 7]sAdEol
oF At = AR dEF 9 24 HRE A
T7F XY= AT B4 Aa17]9] AR o
3 MPLS ¥alg|go= EA%H Aap oAbl
(saturated fatty acid, SFA) 2 thA-EZS|X]AL

(monounsaturated fatty acid, MUFA)2] wx}4
59 RZES 0,930 B}elE|il, RPDE 30l4ke.
2 93 gAY LS 2RI = ey ot
E 33" Hpolyunsaturated fatty acid, PUFA),
omega 3, omega 6 52| FEo| HPoll= H2 R’
9 RPDZFS BRIt Mourot et al,, 2015), A&
Fejjo] w2 Fo] ARAE A9 B4 Ayt 2435
e ot A AdEf o] Azl A ] F4] Gho] FHol
womn 4017]9] Autel w7 kA = SFA 3 MUFA
o] EAANT} o2 gHge) H|siA] 9ok Eels)
Aot WAHF 152 o83 RPDEE B3 6014 e
2 29 ufe =2 S EE FRISFATHGuy
et al,, 2011),

59| A% 27 o2 AollA Al me] FEE 24
ot et EAE e 1Rl S ARSI Al RE o]
435F A= R8st MPLS ¢ate|&S o83t
27gt e 2 B AEf ] A]=2] SFA, MUFA,
PUFA 59 =3 B4 Axk Aspd 7 159
R’= HE ol A ul-e- W33 s}l o, wap
He 152 RPDE] 7ol uf-¢- -2 54 =
£ Heh= 502 A= 9th(De Marchi et al.,
2012; Riovanto et al., 2012). ¥hHo] 4 AxX3sH
SO A= E o] 83 A4t o) Aty HE E
Ao A v =2 R? Y RPDgES &I 4= 9
o, £A7% W BUsLE B ARS) A}
SAdte] =& P T A I

9t Zhou et al., 2012).

o o\

ALY o 3 HAW IR B A7
£ 2AA, W, S, 22 5ol E50) ofjg) 5
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AN
S S
% Scioce and W&

5 XM BHES 0|8t R SMEQ 75 &2 24 oig
25 2AESE = EE] YuzlE | AZHE | AR £ 2440
SFA ) _ _
) 106.5-2014.1 R? =0.93, RMSECV = 108.8, RPD = 3.82
(saturated fatty acid) “ «
MUEA(mono unsat- 77.27-1552.6 R’ =0.93, RMSECV = 116, RPD_ = 3.68
rated fatty acid) ¢ ¢
PUFA (poly unsaturated ~ ) _ _
A7) faty acid) mg/100g 112.6-358.2 MPLS ground 43 R? =0.59, RMSECV = 28.71, RPD_ = 1.54
CLA(conjugated lin- 0.51-2043 R’ =079, RMSECV = 2.38, RPD_ = 2.14
oleic acid)
Omega 3 13.69-65.45 R® =037, RMSECV =832, RPD_ = 1.25
Omega 6 89.04-275.0 R* =0.58, RMSECV = 22.09, RPD_ = 1.52
Intact R = 0.52, RMSECV = 0.5, RPD_ = 143
Total saturated FA 0.500-4.056 Ground R® = 0.98, RMSECV = 0.13, RPD_ = 6.7
Tntact R?_ = 046, RMSECV = 0.59, RPD_ = 1.34
Total MUFA 0.478-4.057 Ground R’ = 0.98, RMSECV = 0.14, RPD_ = 681
Intact Rzm =0.37, RMSECV = 0.07, RPD_ = 1.23
Total n=6 PUFA 0.091-0:455 Ground R®_ = 0.83, RMSECV = 0.04, RPD_ = 2.43
o o/100g MPLS 7% —
Tntact R? =035, RMSECV = 0.02, RPD, = 121
Total n~3 PUFA 0.030-0.157 Ground R’ = (.78, RMSECV = 001, RPD_ = 2.08
ntact R? = 045, RMSECV = 0,08, RPD_ = 1.32
Total PUFA 0.152-0.621 o R~ 0.9, RMSECY = 0,04 RPD, = 3
Intact R = 0.41, RMSECV = 002, RPD_ = 1.32
Total CLA 0.009-0.113 Ground R®_ = 0.84, RMSECV = 0.01, RPD_ = 2.46
o R =024, SEC = 0.08, R®_= 0.1,
Docosahexaenoic acid 0.02-0.65 SECV = 0.08, RPD_ = 1.25
SFA R = 0.16, SEC = 1.57, R%_= 0.06,
. 25.55-39.67 OV = 117
(saturated fatty acid) SECV = 1.66, RPD_ = 1.17
- R? =041, SEC =25 R* =037,
MUFA (mono ugsatu 26.78-45.99 =0 >R,
rated fatty acid) SECV = 2.58, RPD_ = 1.36
%/total FA MPLS | intact | 214 — ;
PUFA(poly unsaturated 17.06-43.07 R, =039, SEC = 3.18, R* =0.32,
fatty acid) 06745, SECV =335, RPD_ = 1.29
ot
N R, = 028, SEC = 0.25, R?, = 0.22,
Total n-3 PUFA 0.59-2.76 SECV = 026, RPD, - 127
R =039, SEC = 2.94, R =032,
Total n-6 PUFA 16.17-40.05 SECV = 3.1, RPD, - 1.29
o R = 0.51, SEC = 0.05, R?_= 039,
Docosahexaenoic acid SECV = 0.06, RPD,_ = 1.5
%/total FA MPLS | ground | 105
SFA R*  =0.09, SEC = 1.45, R = 0.02,
(saturated fatty acid) SECV = 1.51, RPD_ = 0.66
14
Azasta 49 395 (2022)



H 5. Continued

=25 BAEE o EE] Lua|E | NEHE | Az 2 240
MUFA(mono unsatu- ) R =0.59, SEC = 2.09, R®_=0.52,
rated fatty acid) SECV =2.29, RPD, = 1.46
PUFA (poly unsaturated ~ R’ =044, SEC =299, R’ =04,
fatty acid) SECV = 3.15, RPD_ = 1.34
%/total FA MPLS ground 105
R = 0.39, SEC = 022, R®_=0.28,
Total n~3 PUFA - SECV = 024, RPD_ = 138
R: =041, SEC = 2.8, R?_ = 0.4,
Total n=6 PUFA ) SECV = 2.76, RPD, = 141
SFA R? =10.95, SEC = 0.66, SECV = 0.73,
k5 32.41-39.93 S
(saturated fatty acid) R} =094, SEP = 0.87, RPD =4
MUFA (mono unsatu- 13514411 R?_ =0.94, SEC = 1.17, SECV = 1.24,
rated fatty acid) S1-44. R? =095, SEP = 1.12, RPD_ = 4.2
PUFA (poly unsaturated ~ freeze R’ =097, SEC = 0.29, SECV = 0.81,
fatty acid) %ftotal FA | 21.01-47.5 MPLS dried 144 R2pm — (.86, SEP = 0.83, RPDprc =26
R?_ = 0.98, SEC = 0.28, SECV = 0.72,
Omega 6 19.12-45.36 R® = 0.86, SEP = 0.79, RPD_ = 2.5
pre ’ o pre °
R?_ = 0.95, SEC = 0.05, SECV = 0.08,
Omega 3 L19-4.22 RS = 0.86, SEP = 008, RPD,_ = 2.5
Slom, kw7l ARel diet ATATE E 6 AT ulae o) e 23S SIstelo, 1600
o} 7P0H:]— He] A& o= 2 ke e o nabgE a8 g
AR T, A, SEEES BA AT oS gk 4% 180 BE 0% oA We i)
Aol A= Az Aot FaskA AR i 1 = SISk l:‘r(l\/lelfsen et al., 2012).
20} R2 2 RPD Zfo] RE EAEEo]|A] 0.90 2 3 MPLS & 11e8]=8 o] 835t X]Zl— A FA e o what
opfeldler, WAHS IF R oS & ASE IVHIEQI A, pH, Aot 7] 5 el HIE,
o] EEUF Aol AolE AA] e sk J1HE 5 cheel apEe] sl FAIEHo] A7Hg

tH(Ortiz—Somovilla et al,, 2007), thd3t 57
0] 23] W3t ATIME £AAZ A QlF
7REEOIA A= ek TRt AYE ERlskgle
L, AR 8] Aol A=A el
7t 5‘}0]7 I A& gelskad lZP(De Marchl et al,,
2017). S H H7HEER X 2ol Rt Od?uf‘#oﬂ
A 2] AP, b, ol B A AT, A
vlul chalzl sheke Ak JfdE 129 R2= 0.95
oA}, olZ 3t BE 1FO) A= 0.940140]gom,
nAHE= :L—.—_L} oﬂz I AZE 50 xF HEe A}
o] Zjol= g13-2 SHISklTt feke] A5

ai

oh, A5, pH, ME0] 79 A= o] Fejo uhE 54
R0 PrrAn FA0% A E 3 AR dEe
o] B%] OkS FHEEo]| ulg) Wo mulo] W} 7S
Rl o, 75 AdEe] HSoll= vletuFe] 4
$ A& Aeiel sk ALl g o8t
A of| Hgofl= WEE oS AL s ERIske
7129 75 At Ao A-eolle tiEhEed 5
9] A5 =S 7= RPDgE ERIsk o,
ol d|50] Hfolls W2 5o oS AYeE U
Bl Ao 2 gRRlE]o] BAgETRe] HArF & A
2 gkelslth(Lucas et al., 2008).
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AN
S S
% Scioce and W&

H 6. 2HoIM B2 0|88 712 SMB0| ME BN Big
== 2 = e LI2|E| A=HEH | ANE S =440
) R’ =093, RPD_ =323, SECV = 0.61,
, Mince SEP = 0.83
protein 12.7-21.6 | MPLS Homog- R’ = 0.93, RPD_ = 3.74, SECV = 0.53,
enized SEP = 0.87
. RZ =097, RPD_ = 5.45, SECV = 1.35,
244 . per | Mince o |SEP=138
(Pork) “ % ST ) yprg | Homoes 1100 e 99 RPD_ = 838, SECV = 0.87,
enized SEP = 0.94
) R =097, RPD_ =537, SECV = 0.99,
‘ Mince SEP = |
Moisture 50.2-68.4 | MPLS Hor.nog— R’ = 0.98, RPD_ = 6.59, SECV = 0.79,
enized SEP = 076
R =093, SEC = 0.07, R? =091,
o . ~ non-ground SECV =0.08, RPD_ = 3.38
UEE sodium % 0.12-0.66 | MPLS ground 85 R2 = 0.93, SEC = 0.07, R2, = 092,
SECV =0.08, RPD_ = 3.38
R® =0.93, SEC = 0.11, R* =10.92,
_ . non-ground SECV = 0.12, RPD = 3.67
H _
H sodium % 0.31-1.31 | MPLS around 89 R =09, SEC = 0.14, R = 0.85,
SECV =0.17, RPD_ = 2.59
R, = 0.64, SEC = 0.07, R%, = 0.4,
x . _ non—gr()und SECV = 009, RPDCV =127
AN sodium % 0.59-0.89 | MPLS around 57 R® =081, SEC = 0.07, R?, = 0.67,
SECV = 0.09, RPD, = L.78
R?  =0.98, SEC = 0.06, R*, = 0.97,
. . non-ground SECV =0.07, RPD_ = 5.71
AN -
Jl sodium % 1.06-1.8 | MPLS around 48 R =092, SEC = 0.1, R = 0.89,
SECV = 0.11, RPD_ = 3.09
R* =097, SEC = 0.06, R*, = 0.95,
. _ non-ground SECV =0.12, RPD_ = 4.42
H|o]A sodium % 0.48-1.62 | MPLS around 31 R =099, SEC = 0.07, R®. = 0.98,
SECV = 0.09, RPD_ = 6.56
R’ =0.99, RMSECV = 0.03, Rzpre =
fat 18-67 0.99, SEP = 0.03
oo ) R? = 0.96, RMSECV = 0.07, R2pre =
S protein % 2.65-4.5 PLS 1600 0.94, SEP = 0.07
| R = 0.81, RMSECV = 0.08, R* =
actose 43-53 0.73, SEP = 0.09

stah 9] 395 (2022)



H 6. Continued

2= ErEE ool | em  |umals| AENH [ARe SNz
R =096, SECV = 8.95, RPD_ = 4.78
fat ghg | 1907350 R =09, SEP = 14.85, RPD_ =322
R? =076, SECV = 0.14, RPD_ = 2
pH 4982639 R =06, SEP = 0.8, RPD_= 161
. R = 0.2, SECV = 0.35, RPD_ = 111
retinol mgfkg | 0.71-2.67 R =0.19, SEP = 0.34, RPD_ = 1.02
R =047, SECV = 0.58, RPD_ = 1.38
a—Tocopherol mg/kg | 0.25-3.98 R®_ = 0.43, SEP = 0.67, RPD__ = 1.26
2 =091, SECV = 0.2, RPD_ = 3.5
b-Carotene mg/kg | 0.00-2.55 R®_=0.92, SEP = 021, RPD_ = 3.43
R =045, SECV = 27, RPD_ = 133
xanthophylls ughkg | 10.0-160.0 R =06, SEP = 24, RPD_ = 1.5
. . R? =088, SECV = 1.68, RPD_ = 2.8
sodium chloride g/kg 6.20-28.0 R®_=0.89, SEP = 1.76, RPD_ = 2.94
. R = 0.95, SECV = 0.7, RPD_ = 4.56
calcium g/kg | 0.71-11.12 | MPLS Fresh 440 R'. =095, SEP = 068, RPD_ = 4.2
. R =079, SECV = 0.14, RPD_= 2.14
potassium ghg | 065192 R =0.78, SEP = (.14, RPD =206
. . R?_ =079, SECV = 0.03, RPD_ = 2.33
A magnesium ghg | 011-041 R, = 0.74, SEP = 003, RPD_ = 1.93
. * =095, SECV = 3.61, RPD_ = 4.33
zinc mg/kg | 3.97-57.00

R3pre =093, SEP = 4.11, RPD_ = 3.75

TAC(Total antioxidant | mol/kg, 2 09-14.40 R’ =0.59, SECV = 1.6, RPD_ = 1.57
capacity) Fe?t ' ‘ R =0.62, SEP = 1.64, RPD = 1.63

R, =097, SECV = 0.72, RPD, = 5.54

L#(Lightness) 65.80-81.50 R®, = 0.9, SEP = 0.84, RPD_ = 483
R* =097, SECV = 0.17, RPD_ = 5.82

a*(Redness) -0.57-4.90 R, =096, SEP = 0.2, RPD_ = 5.23
R* =091, SECV = 0.66, RPD_ = 3.27

b#(Yellowness) 8.00-17.20 R® =093, SEP = 0.63, RPD_ = 373

R = 0.8, SECV = 9.61, RPD_ = 2.9
fat ghg | 371570 R}, =049, SEP = 18.15, RFD_ = 136

R* =10.73, SECV = 0.15, RPD_ = 1.87

pH 2027639 R = 0.68, SEP = 0.16, RPD_ = 177

MPLS | Freeze dried | 440

. R =0.18, SECV = 0.63, RPD_ = 111
retinol mg/kg 1.39-4.80 Rzprc =0.11, SEP = 0.57, RPDprc =0.97

2 =0.32, SECV = 1.08, RPD_ = 1.21

a-Tocopherol mg/kg | 0.44-6.66 . ¢

R’ =027, SEP = 113, RPD__ = 1.16
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H 6. Continued

=5 BEMES = e AUNBE | ABRME | AR Mz
R’ = (.87, SECV = 021, RPD_ = 5.19
b-Carotene mgkg | 000-3.78 R, = 0.8, SEP = 046, RPD_ = 23
R’ =032, SECV = 50.2, RPD_ = 1.12
xanthophylls ug/kg 20.0-270.0 R2 =032 SEP =47.RPD = 1.19
pre ! ! pre :
i chlond e | 11104430 = 0.83, SECV = 2.61, RPD_ = 2.45
sodium chloride g .10-44. B B _
R =082, SEP = 3.17, RPD__ =236
. RZCV =0.9, SECV = 147, RPD, = 3.15
calcium g/kg 1.40-17.90 R =082 SEP = 1.99. RPD =232
pre ’ T pre )
‘ R® = 0.75, SECV = 0.66, RPD_ = 2.03
potassium g/kg 1.07-11.80 R =064 SEP = 133 RPD = 161
pre ’ e pre ‘
ES i ke | 022063 | MPLS | Freemedried | 40 | o SECV = 005 RPD, = 16
S magnesium g .22-0. reeze drie 2 B _
Rpre = 0.48, SEP = 0.05, RPme =133
, R? =094, SECV = 5.63, RPD_ = 3.97
ane mghkg | 8.60-86.60 R> =089, SEP = 7.43, RPD_ = 3.01
pre ’ 7 pre )
TAC(Total antioxidant | mol/kg, 4.60-25.50 ? =045, SECV = 2.93, RPD_ = 1.34
capacity) Fe** ' ' R =0.33, SEP = 2.93, RPD = 1.22
L Lishoess) 685604 R’ =0.79, SECV = 0.74, RPD_ = 2.19
*(Lightness .68-86. _ _ _
R2pre =0.68, SEP = 0.95, RPme =17
R’ = 0.96, SECV = 022, RPD_ = 4.77
a*(Redness) -0.74-3.78 R® =088 SEP = 037 RPD = 271
pre T T pre )
Yoo — R® = 0.91, SECV = .51, RPD_ = 3.29
*(Yellowness 24-21. B B _
R =0.79, SEP = 0.84, RFD,_ = 2.05

AHAQl 5o thsl) 249 ®fHeH, oE 7 HF 159 R? 0.75-0.82 5=
17 B-o) gjst A7 el o & FRlE|YrhH(Liao et al., 2010).

010 AFRe A7 Balo] Ao 231715 o] 83k AHAE 2442 B4 A o7t
o= w4o] Adxl= Whof wheba] 2eRlat Qlep 68 A|QISh thiEe] w4 ol HERd A 1
Qo EE &= ol 2elQlo] A AIRE £4 *4 Ri= 0.4p2ol9lom IAS 152 RPD)
571 flsliA] AakERlofA] Mg FAeRglo s Sofl= 112 =RIxo] Aa17]9] 739 AAIZE &
Qlo] Agk & 4 oPﬂ ChA] Ehelo 2 Higte]= 749 *4 % 2857 olli= Hok =711 A7F Bagk A
olal, olekele] AL Aalelo)A] HMre] Mgt ¢l o= wukE| 9tk (Prieto et al., 2011), ke AHkAk
o] A|7E BA5l= 7 9olth(Dickens, 2010), & 7

FA1Ee| A A
o ERHS ol A
A
-

o

=]
pua
H
o

TS A P ol gsto] ANZIORE B
& Sbse) ool ASl RS olg A A Aol s00ophe At e w7
HS 259 RAELo] 0.35-0,7T15=0|% 2, RPD
0.83—2.13+F0 2 39|Tjo] U H X]HHPJ 7L
= Q) o2 gekES Shelg 4 Qlglont, Al
QAT Sl ufol o] o mefel ARE of

A1} Ao}, A QA FHE o83 FANEY]
AA|ZF B AT} G2 317 9] AubAEel x4, vhay
A B pHE BASMY o, oF 200712 AlRE T

_i SF At AeRA R 120 R27F0.82-0.87

>

8
Zastay 49 392 (2022)



H 7. 28i0) 20N RS 0|85 YR SMBo| N2 EA B
E= B o] IR EE
Fat % 245357 207 | R, = 0.85, RMSEC = 0.07, R = 0.77, RMSEP = 0.09
Protein % | 19.07-23.32 210 |R’, =082 RMSEC = 047, R = 0.76, RMSEP = 0.41
A 37] PLS
Water % 64.65-74.12 210 |R°, = 0.83, RMSEC = 0.76, R* = 0.79, RMSEP = 0.78
pH 5.03-6.14 211 | R’ = 0.87, RMSEC = 0.09, R _ = 0.82, RMSEP = 0.1
SFA(saturated fatty 42-2368 R’ =04, SEC = 337, SECV = 405, RPD_ = 1.1
acid)
MUFA(mono unsaty- 415-2638 R2 = 0.4, SEC = 359, SECV = 452, RPD_ = 1.1
rated fatty acid) « o
2317 mg/100 PLS | 84
PUFA(poly unsatu- e/100e 141-222 R2, = 0.16, SEC = 14, SECV = 16, RPD_ = I
rated fatty acid) . o
Omega 6 93-271 R2, =0.73, SEC = 12, SECV = 18, RPD_ = 1.4
Omega 3 34-67 R2 =043, SEC = 6.6, SECV = 8.1, RPD_ = 1.1
R% = 0.61, RMSECV = 19123, RPD_ = 1.6, R = 0.6,
SFA(satuFated fatty 185.39-2065 = 06l ) 8 e
acid) RMSEP = 192.21, RPDprc =1.61
MUFA (mono unsatu- =0.62, RMSECV = 162.74, RPD_ = 1.61, R2pre =0.6,
rated fatty acid) 288.571678.5 RMSEP = 168.72, RPD,_ = 1.56
PUFA poly unsafu- R® =0.71, RMSECV = 28.09, RPD_ = 2.13, R* = 0.67,
OF _ ov ov pre
° rated faty acig) | Y1008 | 100854720 PLS S0 pngep — 5786, RPD, = 2.11
, R’ =035, RMSECV = 161, RPD, = 0.83, R? =032,
Docosahexaenoic 3.24-10.87 RMSEP = 1.69, RPD_ = 0.7
_ , R’ =051, RMSECV =239, RPD_ = 143, R* =05,
Eicosapentaenoic 14.9-31.51 RMSEP = 241, RPD = 14
dom gF AMAE SFell tigt A AN & 2 & o 8Rt Ayt gho] Hash, i Hdlo] oS A
o5 el & = AU H(Pullanagari et al., 2015). g FIA7I7] fleiAe YA SEER O] A
g5 AARE 3 24 2EE ZidRie A B
2E = A N I, 2SI YIS S AT
o FEste] R, #5415 @4, s of WAt
2 Aol A= AFAtdolA o Blat A 28 BlE 52 HESI] /i RdS Bk
A 5, TAYA RS ol 8T s A 9 A R FATRE okl E AT 5o 55
A 7hsFol gk A Aute] sl AR HESE oA g2, f7AE A 5o dEbdEe A QA
Aok, LA S tlaEA ] Mgk vluhy] & 2R A8 A AE e, TRl
Ao 2 oot el tigt A 40] 7k, Afole FAE 5ol 7ML Rl Al AR A
AEA ] EAR H|usto] whE FAlo] 7hagh 4 Aol et A7 JRE I wA RS S
o] ek, ofl= A=} vlasl] At7FE X3P E of TRt ok
AL S o8 BAREE sy = A8 ffR 7Rl v dad glow
eliM = EASHIA ke o] AEAQl 24w dE ]l
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