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2026'F (AhBtmHAtA F5t
- Session I. Al A|CH SAHAZO| A At 22|& 2

Hyperspectral Imaging and Explainable Al:
Research Design and Validation for Nondestructive
Quality Evaluation of Livestock Products

Zad oo 29 Jtset Al
S4bAF H| IO FEBIHE et AFEA 45
2026. 11. 12.
KFRI SHRAZEATY ADLERHEHPCH
graAZ MM MAATRLY
2 %

Part 2. Atdd| A4 — 27| MM E X|H(TBARS-VBN)2| H|It1| X7| HE

www.kosfa.or.kr || 3



I 20263 (ADShEELAIESE| £ HEXY R YIIEE
1

PART 1
24 g 4% 7sT Al

Electromagnetic Spectrum

Wayelength 1 512m 1011m 10%m 109m 107m 10%m 10m 10“m 10°m 102m 10°m 109 10'm 102m 10°m
(meters) 1 1 1 1 1 | 1 1 1 1 1 N 1 1 ]
F’.e uenc: T T T T 119 T T T T T ; T

QHerty)  10%Hz 10%Hz 102%Hz 10'Hz 10'Hz 10°Hz 10°Hz 107Hz 106Hz 10°Hz 10%Hz 105Hz

R R O »
d d d a d ole ared O ave adlo ave
0
Hyperspectral Imaging (HSI) Regions
uv VIS VNIR SWIR MWIR
(Ultraviolet) (Visible) (Visible-Near Infrared) | (Short-Wave Infrared) | (Mid-Wave Infrared)
UV: 200-400 nm VIS: 400-700 nm | VNIR: 400-1000 nm |SWIR: 1000-2500 nm 3-5um 8-14 ym

« ZEAIZH(VIS)
- X} O|(Electronic Transition
SR AMFO| M oL o BstE A

rot
0
=2
1o
ey
Mo
A
10
=
ox
HC
1]
rz
02

o

A
-EXt M&9] S (Overtone)lt 282 (Combination bands)O| LtEtLHE ES
-O-H(=8), C-H(X|2/EtatE), N-H(THEE) Zeto| s o4 X|7t O
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Second Overtone Region CombinationBand Hm . Water
Fibres
Third Overtone First Overtone Region L - . Proteins
N Starch/sugars
I Fats and oils
1 [}
"o "o "o "o
1 1
ROH ROH ROH RCOH RCOK ROH -
in | M |} -
AOH RNH; AOH  RNHy /ATOH CONH, RNH, POH RNH,
A1 1 [ - A
ACH RNHR® ArCH ACH CONHR = ACH SH CONH  CONHy(H)
] ) H ’
(<] <] (=] ™ ™ HO (<]
u u 10 Q] ‘ )
ah oy o an oy « oy
] | | | :
on % o a o Ty %0 100 300 150 1700 1500 2100 2300 2500
700 900 1100 1300 1500 1700 190 2100 2300 2500 [3¢ overtone region] (1=t overtone region] wavelength (nm)
Wavelength (nm) [2" overtone region] [combinational band region]
4e | 2 2% |2e g
Moisture (&) 970, 1450, 1940 nm O-H Agt st g
Sugars (2&) 1440, 1700~1900 nm C-H,0-H X &
Proteins (EH4 &) 1500, 2050 nm N-H 22 £4 0|3
Lipids (X&) 1200, 1730, 2300 nm CHAE s

HSI G|0|E| F=: 510|H F E (Hypercube)

I @& 3D Data Architecture HSI Cf|0JE| X: 6}0|I{FE (Hypercube) - 3D Data Architecture
Q23 =0
T LcH|o] 2
< S BE (v, y) o 855 54 e
-lEfets £ O Mo 2R U £x ol
S22 HR ()
LA chelo| BAL g-sle =Y M
2 W - =2 ME
- 7| DS ERALE HO|E| BQ S ,
LY N S armunn)  VAua-suuE
« Synergy YENSHY £ U YO (32 Spatial Info) w T Chejo] 22t 24 71 IEYE HiALE
-Sfeta] B} 0| Tl AT, 'Ol A EASH=X| E2utt ezl EIUREIEE W
AZ S g 7hs
I Spectroscopy Image

HolH & 2HEY O (HALE, EIH8, E58)

24 7)Y PCA, PLS-DA, 2= 248 7| A & &(fast, decision tree )
-E2 AE 99 =Ho| g2 -3E W EN 2723y
£3 - HeotE oo 24 &5 - YEO| training H|O|E HQ
- 24 7|8 £=Tt e -HSI M Mg 2Eo| S

G4 0|0

¢ O|0|X| M & 7|AEE 2 (CNN, transformation &)

=l
=l

X Eet AZSt= HO|H 7=
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HSI A|AE] 319

| bl | -
Nn-lab scale ( ine Scan)

-NIR camera SWIR camera
0 — 1000 nm) (900 - 1700 nm)

‘ Biofo.
AS

Acquisition Calibration Preprocessing Feature selection Modeling
HiolE] #5 SALEH HKz £3 oty e oy
O} Ll O
A| Scores Rlat 51 Loadings Plot Outlier Detection z=x x| PSR 2ot Classification A|Reepclearni
|é|_'rrlo—| E%NQE%HE}*I = |£E:|0J—}‘|_o %ﬂm,%%—,ﬁﬂi |c>s_ﬁ ﬁo'm%
2l g 220 2¥xo=z Il Holgf 2t 5o ==
XA 7|172h M2 & 7|04t SHAl TpEH| = ME oo P SHE= H| A& DhA mAt
" ‘7“:"1 | (chqvtll.v | nl:lthl.)o’“'ll'ljl Ol & El0|E42] Ov r(f)‘tti Ej:wﬂ Himiz T 24 | 7|-=71| K
ity YTNENTII T g 232y kX JEREEEEVETS °
ZEIS) QFAL THO} f=nizs| XAl EBIC

: AOjL} ot

©7(710f oHy-

8|=7t - of 23|t

)010F & — O] Z20|E& '2lf'0fl o &dt

£ 2% Jtsdat O ML
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2% AL 84 754

CNN Negp learning

. S8

~
Raadom forest / GBM
@
~

e Decision tree

SVM (RBF)

trade-off (schematic)

Linear / PLS

Flexibility / potential accuracy -

Needs post-hoc explanation
Intrinsically interpretable

Interpretability >

QOIS B HASZE MBS ALF (post-hoc)0f| 2IF — L& RHH|Q| A2|d BH|
7h 2= 7HEl (Barredo Arrieta et al., 2020; Rudin, 2019)

T > AR EAH n AR & Gu EO| ZHA u4 FRET EOY
- _—
HB S 3d 20 seM RS U Sizzr0 gauY 2u g5 yu

HSICIO|E| £/480] 2HEE= M| 71X B8 — 45 X BUSRE AREIX| &8

£l e

@8

== Quality indicator
= Covariate (moisture, light)

@ 2ty @ HIo|Ef £

Error

Number of LVs Storage day
Rc > R2p; LV DI CH (Westad & SY Az T g £HO| AP LD e ot S8 20l
Marini, 2015) ot5- 4S5 LZ 0l (Nalepa et al., 2 X & O ks
2019; Kapoor & Narayanan,

2023)

FEN2 HA|

2] =4

Sofl E3 2A

Y Global T4 Local
b1 M S} Sl
+ B 4% —sig ooy
iM 7ts = . 2 35
3| VP - 28l A2 B x x 7|0 23
Interpretable PLS 2|HA==@) - VIP = |2 B x x 7|0 23ff - B
L4 ©19| ol Zgtel K=t > R5 22 U AIZH A
FOiZ. G4 7|8 2o nRst 4 =
ME 4 L A
TE T - E |SHAP| |29 SHAP - Grad-CAM (CNN)
Post-hoc
T 7|F: Rudin (2019) — 27} Z MY R H ys SIS E DHE Q[ HOA MY . HOYDH M) vs BN E AR)
@ 81N 7ts - MY @ Mz -HY G ME- 22 @ 3™ 2y
0 t1 12
0.012
a 0010 SHAP (— protein)
5 0008 0.000 0.005 0010 0015
g @ 0,006 1457 nm
§ 0.004 1467 nm
o ot
00 0.000 1570 nm
900 1100 1300 1500 1700 900 1100 1300 1500 1700 1535 nm
Wavelength (nm) Wavelength (nm) 15z
PLS-DAVIP — K|t /CHIEl = (xji 51 a]) Random forest + it |SHAP| (K 2A1) CHl Al 20| THEHE sHAP 7| Of (R 2A) M 0% X| = of AIZHHSHIHEE)

BojME IRHAHEY £)3} K| F)
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e oiE 71% Y4 2F(HSHoIMS] &3 dedo| Wt 7|E
L
PLS 2|7 745vIP-2 Y (Wold et al., 2001; Cho BUZ Fidely
WAS - 2% 50| ng&Jun,2005) ME-2XIAE A%, AHLE 7|0] T ZRIHE 5 SHIHL THE T dEoldn adexss tast=Tt
2734

QM stability
N AIS LY H50) 40| §THE|=7
£9 F0 T, SHAP (Lundberg & Lee, 2017), LI 2 IE-AZ Ly H240 22Ol Aztal=7t

AlS . pol 2y
I - 28 271% ME (Ribeiro et al., 2016), PDP/ICE

I 7|0l (MY 2

EFEEY Plausibility

B S0 ol X| Mgl 7| H)op fetste 7t
Grad-CAM (Selvaraju et al., 2017), saliency, int o
AFS . ElgiLl E0 AHES D7 =2 QO X| &
b2 Eaid go| Sl Ceve HEY.B2 5 2K
S8 Relevancy
4 AT SF Ol o AFAFO| 40| =7F
HHE A EH(SpA- = 55t (A
¥y 22 29 e el S R S TR T TR T
5

PDR £ predictive - descriptive accuracy, relevancy (Murdoch et al.,
2019); Roscher et al. (2020)

k)

HXe| 2: AoM XAIZ} 22% O|F — Yl 7HX]| =AH

4 0F HEE 2 ME HEE

@ 45 XEE EIZHE BHOIX| 23 @ 7|Hote| =45 Jtsd
Myoglobin O-H Cc-H o-H c-H
N-H
1.000 1.000 p=—0.39 /\ N
N\ /\
1BcvERE dsovEE S odo 52Ty o0 w0 1000 2 wo
Wavelength (nm) — contribution profile (B / VIP / SHAP) vs. absorption regions (schematic)
H A H A AO| ALY
ASTR(PEEY RE () e 710f TFE €5 QT BATHhE > 717 28 O|EE 2S5 WS Roscher etal,
2020)
S5 HE2 dEOM =2 @ D9E Ego| At Mz

== Shaltyindcatos Mo e Hote 38 o= M4a
= Covariate (moisture, light) ) o) ZQ & 7t &EE|® X|E 7} opL 2 - NUE T e
A = LH7
; Fpaterrliekiat CEICE N ) RPLL-R I ) B
g
A Al TpEFO| SR 20| M A 2ch _
g S SMHAEE SR TR0 AR T OJAZIFO = 0|0{X| T » 4] 715 RE 4, AS ML OEAT
SHH| 2.1 (Rudin, 2019; Barredo Arrieta et al., 2020) - A{$i &0t 21 EH M 9|

au

Storage day

F7t 7150] otz =
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= .
olatel Hsi %73 . .:.’21 :HE:J .
2fel 271 sfojm 7 =R 3 Az ? AL | S B

1 el itk 38 3 2 EI=ZEQXEJ|IZR 3 MM EhzstebH|E 4 88y
Y YU RE K| 27LO1H 35%' |- f 2 XA EO| B 710] It 0| =l E[H 4= 7§ BHE Q| Y 22 7|82 FUREE R
GE(TE)0] o= X0l M Hoft SECH7|0 T ()0l B ® OSEF M7tdM. 04 2eloz 2|xte] Alg|, 024 S Y. ZAL TS,
EX| Yotof 2. 3Y xUE = %‘ > MEF AIE B 0|7 7ts (M E ME) 2|2 ®eke| 274 (Rudin, 2019;
i Barredo Arrieta et al., 2020)

HTOIM M2 At =17} ozt 2 Hojo| YR —

nx
od
|_o
0I)|
El

: LT sl Map Az 232 b

6 A EX @719 4 o« EFUHE @ 22 7 2% €X @ 239 g

Fat pixels (mean, n=80) Protein pixels (mean, n=80)

000 1.000 = 1.000 p = —0.39

"

< 4000

S 2000 % LEeTEs © sy R

©

e ol PLS-DA = RF d9l10% 0 Vo
900 1000 1100 1200 1300 1400 1500 1600 1700

Intrinsic: PLS-DAVIP 8 LVs) - -~~~ VIP=1

> 0.998 p = 0.37-0.52

=05 @ vip Z2IHY o (3 sHAp Z 2T+ O A
0.0 +
200 1000 1100 1200 1300 1400 1500 1600 1700 (Lv2-12 12} (RF b= A| = 271
Post-hoc: RF + mean [SHAP|
+ (D VvIP I3 10851302 nm — X|2-CHel E o] HtALE Xj0| 72 CH < 1t
2 0010 IbN|
Z 0.005
I 0.000 e L = Al " - = I 210 =R}
2 200 1000 1100 1200 1300 1400 1500 1600 1700 : SHCP‘ 1140-1700 nmOf| &4, 1010-1140 nm = 0 — 'D| AHE"O| X| -2 20|
Wavelength (nm) oty
SWIR K|/ S 2 A2 A% B3 ATE 2(fa 80 80}, AIZ 1D EH] 5-fold 18 AHS o SHHO| 2 AHEO|A E2| 7|8 AE SR & CHN| 7458 of
LRSS =3 H E E(fat 80 + protein 80), or ¢l 5-fol T WSS, XtO = A A HO| OF & A nkl
PLS-DA8 LVs, RF 500 trees, SHAP TreeExplainer (raw data A £A], =2 0|42 dez 2> g0 yd e

¢ HIoJE|-5Y HEHME 4 — A% A7 d32
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HE

2017)

bl
k)

4301o mHg-

A el 24 B AMECIYY C  IEEME=HY D 2 ¢oE
Ol Chit HOIB A7t B — 57| A2l OHER) A - o Uit BH=(n>3) WYY, 7|F oxtmrt e HYEIYAIF - B4 2
HEO|H £ufj o] 72t FF3 o TH| RMSEPE= IHEB oY
Hio|E| 2 el — 22 Thelol [at 85 x| 22| o|0| 7 =aty
A che| 23t Al £l (A3 EES|
- - FNE| IR M SE M S0l R
|| . . . . . . (Westad & Marini, 2015)
[ ] « g SFL2 Lol OB R Ha|

VvV 2|5 YUutS}t H7t (Roberts et al.,

. Ve R M¥E SYHESED
g

o4 7t o AlR 4
al, 2019)

7t n (Nalepa et

Prediction
EZARE AE 20
R2p - RMSEP - RPD

Cross-validation

2 MW )
R2cv - RMSECV

M grel 20l 2 pEE — Lve RMSECY F| 2T /B QP H 0| A M EY (Westad & Marini, 2015); &
Me| oy A2 SHE M Eo| ATt

RPD = SD(Y) / RMSEP — 8|44 7| & (Prieto et al., 2009; Chinilin et al., 2023)

<15 1.5-20 20-25 > 25
wfgt By mY EVE - e CE)
=YY 8l0l2 RELISH0: 2002]) CHE| K| 85 —p<0.050|3H 2 +=F 0|d; 27 ZHO| 2=+

(Westerhuis et al., 2008)
HINEE SYUSHE IE v 5S4

= =)
=1 S =

O 2 HAISHR| &

AL LV ==, Cal/CV/Pred®| R2-RMSE, RPD, &

Permuted-label models

(null distribution) Observed model

Model performance (R? or accuracy)

=LA (permutation test, 7'd =)
2x9l gols REo 45 222t HH 22 (F=)e
SIXIE Hlm

EHY — 1 fl0l HBIY THE-2E

10 || www.kosfa.or.kr
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Part 20{|A 2} 247} C|O|E{0f| M o 3| %F3H=X|

k-1 0e]

O|E 224 (Part 1)

HsIe| F i

ok

o

A o4

d¥o| @it

7 93

ol

VIS-NIR: A 2. F X} 74 0] / SWIR: O-H-C-H-N-H £} TS

PLS 3| YAl viP > SO CHE (EFEHA)

2

SHEAY Y EIYY-R8Y El

AE Yl 7|Z k-2 T2, cal/cv/Pred-=E 2 -RPD

Sk

= TBARS-VBN Z=7| & —

Al oAl B (Part 2)

FX10 (400-1000 nm) vs FX17 (900-1700 nm) — K| % &3 < B[

CHEE T4 | 1 RIE| 0|4 > WHOLE / FAT / PROTEIN 3-E 2, 5}5t 00| F

TBARS-VBN 2 29| g I| 3 ¢«> c-H-c=O-N-H LY

ZE W, 7|H 2o o7, veN LEO| N-H I T 21 HE

80 cuts-Day 0-3, 60/20 2 &, 200%| = H A%, RPD 3.13 vs 1.77

S HE 0| (pay 1-2) HE, ZHE X K| =, o IE HE

PART 2
Ate A AT 7| AN

T X|®O| H|oty| =7| 4

>
o=
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Part 2. Afgf| 2+ — &117| MME X|E(TBARS-VBN)2| H|mt1| =7| HE

Atgl At HiE: XL ctsiet THYE Bl =% £0|H T

1 OHA A BF AWEo| B TEE TY MY I

MDA (TBA £+, 531 nm) 74 X|EQtHE £ 0| Tt Ql25HR XY
WM/kg MDA & 27| 70l 05 FEE st gAEC

H 2 PLS-DAZ fat/protein T4l £ 2| - WHOLE /
FAT / PROTEIN 3-E 24 pLsR H| 1

H| I VIS-NIR (400-1000 nm) vs SWIR (900-1700
nm)

ol sizto|0jE oz B2 EE AL}

PROTEIN 4 — VBN (THHE £3df)

7|E NiRHsI @1 RO EE Y2 ST e, 8 AT (Conway DI
. ST s

R BT H 7 BR S| of 814 Cesaws. = R

> 27| 0|4 Hat AE et 207 )

SRL.

Part 2. Alef A7t — £17| MME X|&E(TBARS-VBN)Q| H|uta| x=7| HE

MEer 4 24

2 80 cuts - 15 °C - Day 0-3 - & DENY - 318t 7|E 3} 345

e 2 S Al go7f (& bl ObM) — RIZZAHCHQ O
1+°=. St 80 H(2F200g, 3072, OHH) — TS ZE &, zip-lock FX10 EX17
=R, 15 cE2 M

VIS-NIR 400-1000 nm SWIR 900-1700 nm
448 bands - 1.3 nm 224 bands - 8 nm

Day 0 Day 1 Day 2 Day 3

20 cuts 20 cuts 20 cuts 20 cuts

_— TBARS VBN
O L Hs1 & (VIS-NIR - SWIR) > $}&H 241 5 ANOVA + Duncan (p < 0.05) _

TBA/TCA 90 °C 15 min, 531 nm Conway 0|22, 0,01 N NaOH
uM/kg MDA - 3EHs mg/100 g- 38+
AM S 157N =& 80 hypercubes, #| &3t F29
fat 75 / protein 75 =& 60 calibration / 20 test

2 SR 35 45 WAMPTFE)/ AT T B . H[HEAL S M | . 71H 0|0 525 A7H (push-
broom)

12 || www.kosfa.or.kr



20269 (ADSh=FLAESS| FA HEXY & YIS I
[

Part 2. A8l 2 — A117] MME X|E(TBARS-VBN)Q| H|m}a| =7|

£ mjo|Zatel: i HH —» LM B2 . 3.E3 =3 -, PSR

3 Y slo|gFEZEE WHOLE / FAT / PROTEIN M| &3 3/

1 HiZE HA 2 GuEs N 3 AZ 4 3-E3 = 5 PLSR 0|

o Otsu Y « PLS-DA (fat=0, protein=1) o HEfstY gal.etyl + WHOLE: MA| =d g7 E 24 & TRARS-VBN
¢ VIS-NIR 794 nm « 27 05, LVE RMSECY o DEE B2 mAM g o FAT: K|S T/M mA « 60/202%
+ SWIR1123 nm z2 A + PROTEIN: CHE# & T M + RZRMSE-RPD

« 2003 =24"E o

3-E= 22{2] 0| (Day 0 Al R)

nx

PROTEIN — CH#HE

PLS-DA 27 &I CHefZ
gt

WHOLE — T | =4

RGB 2|2t/ A& TA| B
Al E 2
2HEY

= |
=

ML

0|0 X|: Kim et al. (2024) Food Bioscience 62, 105501, Fig. 3A-5

Part 2. Al8| ¥+ — A1 7| MME X|E(TBARS-VBN)S| H|ota| =7| A=

2 @: XW-EHE Tao| B S4I 2a| 45

T2 a2 o o o
A VIS-NIR B SWIR 6“ pe
M
7000 4500
6000 ‘ 4000 * SWIR 1084-1361-1640 nm 2 0f| A{ X| .Gt
so00 | 3500 B X HEALS K}O| 721 > B 20| 2 o}
8 ‘ 3000 &
g 400 2500 4 Ent A0 74K HE ML) OO A
& 3000 ] 2000 ntre c =ZAYp<0.001: 27 40| 2% =&
& 2000 1500 - Fat Ol)él_
—— Protein .
1000 1:23 1 o 5 test YT 0.967-1.000 > 0| = E 24
ol ‘ ‘ o — e = CNEEET
400 600 800 1000 900 1100 1300 1500 1700
Wavelength (nm) Wavelength (nm)

Fig. 1 THEHS — X[ CHE R H A T do| B AL AT E Y (raw data, 80 cuts B)

A VIENR B SWIR PLS-DA T4 &5 (Table 1) VIS-NIR SWIR
Predicted class Predicted class
LVs 4 8
F F:
- g B g =¥ZH p (2002]) <0.001 <0.001
R2c / R%cv 0.881/0.850 0.897 /0.818
Protein 0 Protein 1
Validation accuracy 0.983 0.992
N rreen ’ N rroen Test accuracy 1.000 0.967

rows: true class - test set (n = 30) ass - test set (n = 30)

Fig. 2 X{ZHd — PLS-DA ZEH & (Kim et al., 2024)

MHOHIEO|M RS &= | test2 HX ASSH &

www.kosfa.or.kr || 13
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Part 2. Afgf| 2+ — &117| MME X|E(TBARS-VBN)2| H|mt1| =7| HE

A1l @: M% = TBARS-VBN H3} — MM HQ| L 7| H3}

TBARS

0.142 — 0.263 — 0.330 — 0.444
UM/kg MDA, Day 0 > 1->2 >3

O 9|8 H S7t (a<b<c<d)

Day 1 Day 2

VBN
o.w 12] S o5 6.897 — 8.331 — 10.249 —

8331 10.204
0330 6.897 mg/100g, Day0>1->2->3
0263 Day2 0|2 K| (c=c) — BAK B3| ChA 2 8| 4]
02 0.142
[=] = _‘='=' o
) l ‘ ‘ ‘ , ‘ ‘ 28 7| Z3HH| R (=2 018)

3
Day0O(a) Day1() Day2(c) Day3( Day0@ Day1() Day2() Day3( TBARS 5 7|3t 7| 1.2 mg MDA/kg (Lee & Shin, 2019), AT | >

x =
Fig. 3 IEH — 9| 2HA), TBARS(B), VBN(C); 2 O 2K} = Duncan 5% 22| X (Kim et al. (2024) Food Bioscience 62, 2.0 (Campo et al., 2005); VBN 2= 7| S 15 mg/100 g (Elmasry et
105501) al, 2012) > ™ M 7|70 MM H{of S (= 7] BHA)

0.444

TBARS (Mkg MDA)
VBN (mg/100 g)

= Day 1-20] X|#2| fo|¢t Ha} 2l — H|mta| =7| HES| o4 712t

Part 2. Al8| ¥+ — A1 7| MME X|E(TBARS-VBN)S| H|ota| =7| A=

At @ MEUYE WA ABEZ _ WHOLE / FAT / PROTEIN

s Day O — Day 1 s Day 2 — Day 3 -
S|

VIS-NIR - WHOLE VIS-NIR - FAT VIS-NIR - PROTEIN
5000 - 1000 - 5000 * VIS-NIR 600-800 nm: Day 0 vs 1-3 X}0| —

o0 } Opol@ 22 8l Atst AfEf Hrey

5000 { 4000 SWIR 950-1100 nm: X%} Z4 1t0f| [Tt & A|

| Ngs- +2egELE HEEE Y

jzzg ] 2000 )

1000 ‘ 1000 1 « CHHE E3. pay2-3 B35} 00| - vBN

Reflectance
[T
S 8 8
8 g 8
8 8 8

1000 4

0+ T T 0+ T T Ql
400 600 800 1000 400 600 800 1000 400 1000 plateaut L X|
. ) =] o THELO| A
SWIR - WHOLE SWIR - FAT SWIR - PROTEIN A4 oln|: E2E 2 B IHY 0| 40|
_ My mHZFeo2 o
4500 ¢ 5000 + 4000 MM g2 ol st
4000 4 3500 4
3500 4000 4 3000 4
g o0 a0
8 ‘ 2000
8 2000 N
& 1500 2000 1 1500
1000 4 1000 4 1000
500 ‘ 5oo
04 04 |
900 1100 1300 1500 1700 90 1100 1300 1500 1700 T R
Wavelength (nm) Wavelength (nm) Wavelength (nm)

£ A7 raw data(80 cuts, R XM n=20)2 M EHESH MEL Y A HIALAHEY

20| fojg 2A

14 || www.kosfa.or.kr
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74 Lol A= = = 3
A1} @ ol /d 22|of 2 PSR Of| = 45 H|
Rzp (%E,J test set. n = 20) RZcv RMSECV R*p RMSEP RPD
10 VIS-NIR TBARS Entire 10 0.199 2.492 0.198 2481 0.705
) 0.899
Fat 8 0.445 1.394 0.415 1.324 1.651

I
N

0.814
0.8 .
VBN Entire 3 0.421 1125 0392 1.352 1.158
Protein 7 0523 1.168 0521 1.192 1.846
06 0.521 0.532
SWIR TBARS Entire 6 0.862 0.223 0.814 0.304 2428
0415 392 0.394
0.4 Fat 5 0.899 0.183* 0.899 0.198 3.133
0.198 VBN Entire 8 0.413 1.569 0394 1.684 1.135
. Protein 7 0483 1.315 0532 1.281 1.768
0.0 0

Table 2 22} (TBARS: uM/kg MDA, VBN: mg/100g). * ¥ & H7| 1.832= Z+-2 &l 2| RMSEC 0.182-RMSEP 0.198 0|

VISNIR-  VIS-NIR-VBN SWIR - TBARS SWIR - VBN Hl%:0] 0.1830] @72 ek £ H7|
TBARS
mEntire (4| i) =Segmented (Fat — TBARS / Protein — VBN) SWIR - Fat -> TBARS: R?p 0.899, RMSEP 0.198, RPD 3.133 (> 2.5, Y& 0|5 +=F)

VBN: M| 1B E[O[ MO 2 039> 053 W MEIAQLIRPD <2 > FHE 0|5 5=
VIS-NIR TBARS: RPD 1.651 - % 7| EHA| K| &} At&}ol| = swirO| &gt

A

HIHE 02 1| =8 ZR0M RPpE

A PLSRcoefficients — fat pixels > TBARS (SWIR) B _ -
S T (nm) > 314

949, 1130, 1203, 1270, 1376, 1464, 1720

(T;‘:)RS ZLIX| 2 c-H E4:(1100-1400), 1720 X|
2 ghit c=0 B ¥

= 1

2

S

ol

g v 1074, 1178, 1280, 1638

S 4 (Protein) CH & 23 O ©(1050-1300, 1630); N-H
7 TS

5 Day0 Day 1 Day 2 Day3 1500 £2 L3 = 0[HS

['4

EHEE L]

+ TBARS X|=:Day 0> 3 Tt= &7} (0.142 > 0.444)
s/ S x| &5 0|E Mk
S e on i i VBN X| & Day 2 0| F & X (10.249 - 10.204)
Wavelength (m) < 7|E BN FA S 2RO UK ZE S0|H H

SHE SHESHAS S AL

A, TBARS 2 & 3| | 7| =>(raw data); (B-C) TBARS-VBN 33} O| 0| F, le 2t = &I+ = & (Kim et al. (2024) Food Bioscience
62, 105501)

710f TR Bf2rH
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Part 2. Algf| S — &

ofg| A HEXY H H7IEE

17| MME X|E(TBARS-VBN)2| H|o}1| X7| HE

AT S B

Ho| HE: M8 240 52 IHH|

v/ part12]| A4

4549 AN ME M A+ HE

2% (Part 1)

Y A (=2 HY)

v MEAD} M| E B

sy ohgol stety 2

A ol A2l X & H2 atH (=2 FA)

v 21j 0|7 payo-3 Y& %, 80 cuts > A2 g, 4°c 7| ME 255 MA XA

v 39H2 ANOVA +Duncan2 2 §-2|4 AHH =10l S OJMEB.pH S 27 X|E £

v A B 25260 /20, S test 210 S CI2 822712 X0 R 9|8 HE(OE )
v PLS-DA 2002, p <0.001 =

<

RMSECV 7|4t LV, Cal/CV/Pred + RPD -
v TBARS: C-H-C=0 Ci & X - VBN:N-H 1500 nm I| 3 87 > IHHE
v TBARS Tt= E7}, vBeN Day 2 HH| — 7|&E 41t YX| > H4EF HeiH(anti-interference) BE

v VBNR?%p 053 A2 E7, |91 =9 =

Part 2. Atg| @4 — &3

1 XEQAZEO| A 2 HAdSEEeER 3

7| MM & X| & (TBARS-VBN)2| H|T}t3| =7| A

R2p 0.814 — 0.899 Cal / CV / Pred R2p 0.53 - RPD < 2

SWIR - fat > TBARS +RPD+ =L HE p SWIR - protein - VBN
7|1H0f| Rttt g YYoRz > U1t ANE s B v- M NEXE =24 O|Z0| of2{& x| &2l AntE A2 203t
S 7ts0| =H et -y ool 24 = A0l 25 AP 2H

=1 LR OES AR H5 (A R N
5 atH| 4acEINNE 4T 2 o _'-C;):'c’( 048 pHXIH 8 |8 % eletel 54

16 || www.kosfa.or.kr
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1
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1978 Korean Society for Food Science of Animal Resources

WHHY YRR AE
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MEfH . .

ZEAL A7) -
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o GMCHSt D - 7| A Sk ShAL
o ShRET| =R - 7| A SE AAL EEAKAI =& 7| H A A|)
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SR T}y|SHE oI K| A L B RS, 0K AT, IR, BRI
Aej, 2ofaeizrole 2.2 Hole7|H g H 292
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o Journal of Information Science Theory and Practices (Scopus ‘S *{ X|) - Editor
o Science Editing (Scopus/ESCI S X X|) — Editor ()

o ehaatstetE X HA Y| - FEHI S ARE (*)
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s

o Mdd ALl st
o 2022 AL ChatGPTL| S& O| 2 LLM(large

language model)0l| 7| Btot Al= 10| &k 0| &
45| gt

* ZX: ChatGPT

2026-11-12 Al Z

Enhancing quality of

language, structure,
and analysis

Raising questions of
authorship, originality,

and transparency

NE

o Q3 X|S(Artificial Intelligence) 2| "d2

o Q7to|SEEH FESH XUSHS AZHSEH

istE{ = AFE S| M 22 0F
o QSX|sol L ChA

o 2QIZX|S (ANI: Artificial Narrow Intelligence): £ &
S0t s A5t7| flst S XS (M +=F)

o ZQEX[S (AGI: Artificial General Intelligence): 217HA]
Harz WM Z2H S i Aste =&

o ZXOQIZX|5(ASI: Artificial Super Intelligence): 21Z+2| Bt
AEHexZE

o HEEAEASKs 2E
o CNN(Convolution NN) - O[O X| Q1A 24 FEf H|H
o RNN(Recurrent NN)— §10f 22 HA o|O|X| Z4M
o EMAZMNTHIAPESHS 2 H.BERTRGPT, 28 44
* Generative Pre-trained Transformer

2026-11-12 Al 2 A

-

AfoJ{u[E| A
A AAY

AlQ| Holet R

ASAle

X Emre

Output
Probabilities

J
Positional Positional
Encoding Encoding
I Input Output
Embedding Embedding
Inputs QOutputs
(shifted right)

Figure 1: The Transformer - model architecture.
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1900 1956 2003-2005
TriodeVaccumTube. Al term born Deep Blue [DARPA Challenges| | Transformers
1920 2006 .
Firstever robot [ | “Apspercatica me Deep Belief ANN P
1938 e prsemned 2008 -
Digital Logic TRk bt s 1BM Blue Brain o
1948 b 1989 2010 :
Cybemetics onvolutional NN, Apple Sir

G

2022
ChatGPT

deepseek

The chinesze

deepseek
overpasses

1st Winter 2nd Winter
‘e CWCI)'P(‘;EEOILIQ 1900 - 1950 1950-1973}—%1930-1937}-/|/—|1993-znoo| 2000-2012 | 2012-2017 | 2017-2020 | 2020-2025 | 2025 -.. |
ey =  im—
1950 1957 1986 1994 2012 2020 2020 42025
Turing Test First Perceptron Back Robocup AlexNet DALL-E Tesla Self drive AGI
1957 propsostion 1997 punesing msges Asl
e | [ FiretAlproomm: | [ LETH AN ot ] Singtity
mﬁ‘.ﬁ:&&m First Ind. Robot k:%’.‘?ﬁ“ So‘nzzlqlio ﬁ%ﬁ e Suverr;umans
e s 1965 G ) 2000 s et o Beyond
Eliza ChatBot! Kismet Robot
2026-11-12 AEE ZE AR 2L
-I [ -
7 Ticiele) Ha
o MCH(E B E ). 2R AE Ol 2R A B HYE
e = ) ALHE 9 Al(AI4Science)
o SEX LYaeeodL) oio| miclel® Bt
o 2MITH(E 2 H). O (- E-Of I EFQL HA) o
o AFEH LE (2940ACH) AL %8
o sMICH(E & F F): ARH 0| F(&eh/AlE2| 0] )
o Www 2 H(ag90HLH)
o 4MICHE & ) QIOIH(CH8 &)
o Google DeepMind2| THH A T2 0| F Al(2020H)
o A AEH(20224)
0 sMITHEEH): 9B XIS (KI5 3h FOURTH
PARADIGM
*Z X: Tony Hey et. al., The Fourth Paradigm: Data-Intensive $ SPRi 225

Scientific Discovery, 2009
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1

NE

Al4Science2| Al

O AlphaFold 2: Google DeepMind2| THEHE X 0Of = Al(*20.11)
O RoseTTA Fold: ¢ HACH T AL A AT A ('21.7.15)
22 Hf AlphaFold 2= NatureOf|, Rose TTA Fold+= ScienceOfl =& 7| Xf
0 YOEC . EXEHEE CHEAFS O F A3E 7HE(21.9)
0 ScienceOl| 3082 & MAt =& L H('21.11.11)

0 B ostY 5T F8(24.10.09)

On July 2021, release all its code open source at Github
2Hl, HORIEE X' 72 I HSHEX] Y|0|M(Nature) o
O SMECO AP =22 AXSHH|YMECS AATC

EHT X OfF Al Z2

EE STt

(d0i:10.1038/s41586-021-03819-2). =5t YMEE=0| A2

S Tdot= 224

oIzt T (187, 22, 2112, 019 A 5 205 9

Of

Google DeepMind Google DeepMind
United Kingdom United Kingdom

RIIHE
David Baker Demis H: i John M. J £
University of Washington e Aoty 1 £l 1% O] G| O|EfH| 0| A, ‘ATHZE CHHE 1 Cf|O|E{H| 0] &
USA

Protein Structure Database)'& XtAt 22101 718 HE UCE

Bt 35800

(AlphaFold

2026-11-12 AlZE 2H e

“O|Hl = HAXQl 918 #7|H(APA 2ElY) S2 AI0|A| E7[ 2

| E o
=20l Ygn 2Ho| EE & YRS AS HT B ot Ho| Rt

ot A A 2025.12.04)-

=
2026-11-12 AlZE 2H e

10
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artificial intelligence in academic writing and Six Domains
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S Y and Research
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Content
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research: An essential productivity tool,
Computer Methods and Programs in
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Publishing Assistance and Data
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Paperpal Al

a Paperpal

Al ANALYSIS
WORD PLUGIN or WEB

E¥
©
PUBLICATION
READINESS

FIRST
MANUSCRIPT

LANGUAGE
SUGGESTIONS

CONTEXTUAL
SYNONYMS

ACADEMIC
TRANSLATION

POLISHED
MANUSCRIPT

1. Upload document to Paperpal, or use MS Word plugin. Data is encrypted.
2. Paperpal uses an Al model trained specifically on scientific data to analyze the text.

3. Optimize language, incorporate better synonyms or translate your work into english.

4. Check your finished manuscript, references, metadata and figures before submission.

2026-11-12 17
=== AL
o) = 3 /-
A|2|' _II-E = O
AT O =2 Zpdof Al 28 ALl
0 FEHMA O Introduction

o OFO|C| O =% ChatGPT

o Ml AT E AL Research Rabbit,
SciSpace, Notion Al

==Y

o NS/S XA A ChatGPT + Notion Al
AaHel 24

o Y™ AL ChatGPT + Cursor Al

o A& AT Naver CLOVA +ChatGPT

*ZX: https://www.youtube.com/watch?v=_eVoJPF_5NE&t=753s
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Structure: ChatGPT
Reference list CSV: Elicit
CSV to Text: ChatGPT
Specific citation: Scite
Writing: Claude
0 Method

o Extract: SciSpace

o Writing: Claude
0O Result

o Table explanation: ChatGPT
0 Discussion

o Structure: ChatGPT

o Writing: Claude

o
o
o
n]

*EX : https://www.youtube.com/watch?v=fPUCOWGZOoc&t=5575
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At this juncture, it is highly meaningful to examine the evolution of the academic
publishing model and predict its future, thereby identifying a desirable direction
for academic publishing. This paper examines the history of academic publishing
and proposes a desirable future academic publishing model.

l

Proofreader
At this juncture, it is highly valuable to examine the evolution
of the academic publishing model and anticipate its future,
thereby identifying an optimal direction for academic
publishing. This paper explores the history of academic

publishing and proposes a desirable future model.
Paraphraser

At this point, it is important to review the development of the
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At this point, it is important to review the development of the —‘
scholarly publishing model and predict its future, in order to * ) oL A L L.
the best path forward for scholarly publishing. This p At this point, it is important to review the development of the scholarly publishing model and predict its
investigates the history of scholarly publishing and suggest
ideal model for the future.

WORDVICEAI

future to find the best path forward. <

At this point, it is imp¢
model and predict its
the history of scholarl

This paper investigates the history of scholarly publishing and suggests an ideal model for its future.<
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o Reviewer Credits/Reviewer Finder (Springer Nature)/Prophy/GlobalCampus/ Reviewer Locator

(WoS)/Reviewer Recommender (Elsevier)/JANE
=2 = d B2E M3
O iThenticate/Turnitin/PlagScan/QuillBot/Review My Paper/Copyscape/GPTZero

0 YA =

o Penelope.ai - verifies that manuscripts meet your journal’s rules. (It has over 30 checks for
ethics, conflict of interest, data sharing, and more.)

o Aether Brain - summarizes manuscripts and offers insights. (It has tools for ‘chatting’ with the
manuscript and answering your questions based on the manuscript.)

o Paperpal Preflight - Al checks for research integrity, language, and compliance across: Full
manuscripts (incoming submissions, post first revision, pre-production, post publication) &
Conference abstracts (integrity risks, author analysis)
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+Data availability
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m Paper mills Ethics Cases Published Paper mills Ethics Cases Unpublished
* ZX: Alam, S. and Wilson, L. (2023). Perspectives from a publishing ethics and research integrity team for required improvements. Journal of Data and Information Science, 8(3), 2023. 1-14.
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Assessing Al Policies in Scientific Publishing: Are We Prepared for the Future? e i
e e L e
p Science Conservative  "Al tools and versions must be disclosed. Authors-are foraccucacy source citation_and bias
review. Inappropriate use may lead to rejection. IAI -generated images and multimedia require explicit editor permission.” |
=4
PLOS One Conservative “Al tools, validation, and impact must be dlsclosea Authors must ensure Al- genera!ed(e\(l is accurate, valid, plagiarism-free, properly
cited, and reflects their ideas. Data r p using Al is pi may result in rejection,
retraction, editorial notices, and notification to authors institutions.”
Lancet Conservative  "Al can enhance readabilty and language under human supervision, with mandatory disclosure of model names, versions, and
prompts. Use is limited to spelling and grammar checks in specific sections and must not process unpublished research.”
AHA journals  Moderately "Authors may use Al tools for writing if documented, taking responsibility for accuracy, validity, and originality. Al tools cannct be
conservative authors. Grammar and spelling tools are exempt. Al must not alter image data in figures.”
JAMA Moderately “Authors must report Al tool, detailing name, version, manufacturer, use dates, and utilization description. For research, follow
conservative reporting guidelines, describe Al use in study design, address bias, and detail datasets, models, and evaluation metrics.
Nature Moderately “Document Al use in the Methods section, except Al-assisted copy edting. Al-generated images are generally prohibited. Disclose
Liberal non-generative Al tools for image manipulation in captions.”
NEJM Al Moderately “Authors must disclose Al-assisted technologies and outputs, ensuring work accuracy, integrity, and originality. They should review Al-
lieral produced content to prevent erors or bias, ensure no plagiarism, and provide proper attribution. Al-generated material cannot be cited
as a primary source.”
6-| % BMJ Liberal “Authors must transparently disclose Al usage, detailing technology, purpose, and application. Al cannot be an a -
responsible for accuracy and originality. BMJ may screen for Al content and reject or alter if inadequately declare:
content is not prohibited ™
Z]: Rahkola A, Gray T. Assessing Al policies in scientific publishing: are we prepared for the future? Sci Ed. 2025;48:110-112.
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Al use in peer review — journal policies
T N

Science Conservative “Use of large language models and other generative Al tools is not allowed. The reviewer is responsible for
writing their own review”
PLOS One Conservative “reviewers should not upload to web Al tools, or other services.”
Lancet Conservative “Reviewers should not upload the manuscript, or any part of it, into an Al tool as this may violate the authors’
and y rights”... should not upload their peer review comments into an Al
too”
AHA Conservative “Reviewers should not upload any part of the , its files, or to any
journals automated assistive writing technologies and tools.. Dolng so0 would violate the confidentiality agreement
between the authors and the journal”
JAMA Moderately ~ “Entering any part of the manuscript or abstract or the text of your review into a chatbot, language model, or
conservative similar tool is a viol our [if Alis used] as a during your
review...provide a description of the content that was created [and the tool]”
N Mod s “peer do not upload manuscripts into generative Al tools. If any part of the evaluation of the claims
conservative ™Made in the manuscript was in any way supported by an Al tool, we ask peer reviewers to declare the use of
such tools transparently in the peer review report.”
NEJM Al d | must the of the as above, which may prohibit the
liberal of the to or other Al tech where cannot be 2%
BMJ Liberal should pi the of the peer review process by not putting unpublished

manuscripts that they are reviewing for BMJ Journals (or information about them) into publicly available Al
tools where the security of the cannot be

Z]: Rahkola A, Gray T. Assessing Al policies in scientific publishing: are we prepared for the future? Sci Ed. 2025;48:110-112.
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A comparison of the top 10 (in 2024) academic publishers’ Al policies: Elsevier, Springer Nature, Wiley, MDPI, Taylor
& Francis, IEEE, Oxford University Press (OUP), American Chemical Society (ACS), Wolters Kluwer Health, and Sage.

Authorship: may not list as

author or co-author (10

May not draw recommendations

original data
and results (3"

format and
structure (3)

May not cite generated
Al text (1

Biases (5)

May not generate or change
images {exceptions) (9f

Quality and
reliability (4)

Compliance (4)
Al detection tools (1)

* Z%]: da Veiga A. Ethical guidelines for the use of generative artificial intelligence and artificial intelligence-assisted tools in scholarly publishing: a thematic analysis. Sci Ed. 2025;12(1):28-34.

Can use for pre-writing

Generative Al

tools ~
Can use as part of Disclosure and
research methods (8" transparency

2026-11-12 NS mE G EE] 33

ga|H Asottan gy "
Taylor & Fransis2| Al Z4*(June 2026)
O Al tech always requires human oversight and acknowledgement
0 Transparency about its use is critical
0 Tools must respect high standards of data security, confidentiality,
and copyright protection

0 You must received permission from copyright holders to use
copyrighted material in an Al tool
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Examples on how to build trusted use of Al:

Elsevier’s generative Al policies for journals (June 2026)

General Author policy

+ Authors may use Al tools to
synthesize literature, identify
gaps, generate ideas, organize
content and improve language

« Always apply human oversight
and control

« Disclose use of Generative Al
(instructions in Guide for
Authors)

« Do not list or cite Generative
Al and Al-assisted technologies
as (co) author

« Check Terms & Conditions of
Al tool to safeguard data
privacy and IP rights

2026-11-12

Figures, Images and Artwork

* Al use is allowed to create
explanatory images (e.g.,
flowcharts, diagrams) and data
visualizations (e.g. charts,
plots), when the visual output is
directly derived from underlying
data.

Don't use Al to create or alter
primary research images (such
as western blots, microscopy
images)

Don't use Al to create graphical
abstracts as the copyright risks
are high. Instead, use scientific
illustration services (e.g.,
BioRender)

=X

Elsevier®| Al 4*i(June 2026

A

Editors and Reviewers

Do not upload the manuscript
into an Al tool

Al use is permitted in a
supportive capacity, for
example to assist in improving
the language or structure of
the decision letters and review
reports and for a background
literature search

Editors and reviewers should
use private tools only, maintain
human oversight and check for
accuracy

Al use needs to be disclosed
by reviewers in the review report

&%|

Risk assessment

level

Summary

Risk assessment
level

Summary

Risk assessment
level

Summary

2026-11-12

LN HEQ| St

Springer-Nature2| 4

O Risk-assessment framework for Al use and declaration

[ ) Green- Permitted : Assistive Al use(low risk)

Al use that supports expression, organisation, or efficiency without
influencing scientific, scholarly or evaluative judgement.

0 Amber - Exercise caution: Evaluative or interpretive Al use

(requires caution and care)

Al use that may influence interpretation, framing, emphasis, or
evaluative judgement, but remains under human control.

0 Red - Not permitted: Al replacing scholarly judgement or lacking

transparency

Al use that is opaque or replaces accountable human contribution,
generates unverifiable outputs, or compromises confidentiality or
integrity.

FOOD scnen\ce
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Springer-Nature2| 73 *4

o NAHXH
Remain fully accountable for originality, accuracy, and integrity
o Disclose Al use for trust and transparency
0 AKX

Remain responsible for independent, expert evaluation FOOD SCIENCE

o May use Al to support peer review but must not upload manuscript content to unsecured or public Al tools OF ANIMAL

RESOURCES

Disclose Al use for trust and transparency
3 Must not delegate critique or judgement to Al systems
o HEXXH
Remain accountable for editorial decisions and oversight
Apply proportional, risk-based judgement when assessing Al use
Intervene where accountability or transparency is unclear

o Escalate to their publishing contact where integrity or policy boundaries are breached
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