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3. Selenocysteine
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1. Support vector machines
2. Artificial neural network



VE) Sla oF o)led @ 0,90 Jié Carto ;0 Wiz (slas,glid aslilad 0 Y¥#

5 olass e ax 81zl als LLL 5 asl (WULT
o yiwd PH Les sls (6 )bony olse b s a5 oo,

) iged 3 S92 90 (Joid DL 5 g9 5 ke (FenST @
IYA-YY] a0

g hie Lawg 48,5 &g Crdon Sladllas b odel Cowo
GIL OheaS el adg S gy p 5o [V0] oS
5o zels Ll o)l cillas o)l gla S5 30g5 g, o b odds
oS el [YA] (yods) Jasgs 418 )5 & j50 5ako b & plie
Slooga lp 59, A Jsb p0 mpl culld o087 b)lS

Q‘QL‘;}T iz J>lo 10 o Glodiges jlans] M}j ol (V) Jeue
Table 1. The peroxidase enzyme activity of apple samples at different test stages

Sz Byl (umol.mint.mg?) o Kike  olaxs Gayales
Standard deviation  Mean (umol.min®.mg?) Number Time (Day)
0.155 2.242 20 0
0.220 3.551 20 20
0.395 5.140 20 40
0.628 7.849 20 60

ool e ol eolatul Fosilendl —Solile ao e & &a95 3l
g WS s Ol ) oo U aiged alols Fooniledl (3,
by diged drogi sdimoplis Suble @S @)y
(¢-)) Ko y0 a8 Jobs mbls olwly [YY] el Jow
aiges J5 5l sae b olawd el oads ooy lis
olid opls Cdle b aS al i Sy glrooly lgieas
SYL Sble wpe 5 goses polie Ll jo a8 wloads ool
o oy bl o sai sluwls & slacols .cwl AID

60
50
40
30
20

10 }{ﬁ’

(PCA) oho! gloailzo 4y 325 .¥.¥
oad o0l Lt (Y) S o a5 PCA 5 JUT gls el
ol dilie cyngs 5 788 (PC-1) Lol dilge cydsl cil
Giogt 1, ko)l )9e sladigai by 5 4T (PC-2)
JIAY g sl ol aile 50 amtiys 5 425
Ko ol o a8 G5 led puizren 0iS oo oyl 1) Waosls
2 @bl oyse slagle 51 Se Sy baiged coul azie
sl ol 45 Wyl )5 eSS Sl & jpods g o LS
Sl pandets 4,38 (2954 by, (nl 45 w0 LA
e 5 s o ol (545 399 Jsb o asige
F¥oar ladiges (S lagialesl plnil Jsb jo ab anis
w0l gyglaez (Ol 8 OMSie yula el

PC-2 (2%)

-10
-20

-30 %
s

5 3

40 N

50 2%

DS
...

e, o

-300 -200 -100 0

100 200 300 400

PC-1(95%)



YTV o (SIS 3 S35 E g b (bl sl gl sl

Q‘)Li‘“” 9 LSMJf AJL.\.'&

&

Influence
16
F b
gjdﬂ (ﬁ
o
2 @ ©
g2 ©
-
L
208
E ’ 0.0 5
o . .
306 .'.‘5°:a .
% o‘... ?o A,
® 0.4 5 ‘
8 “
202 Qg
i
'S
0 - - - - - -
1 2 3 4 5 6 9

Hotelling's T* (PC-3, HotT*Lim: 8 48702)

(PCA) Lol slodalie 4320 s (V) JSCb
Fig 2. Principal Component Analysis Results (PCA)

s s susby lgze s PH SSC Julss (K535
WSy 5l sy Gm 3l GReeR (nl S ioged
Silojlsen wwgazme 5 ke i boead Loy
O geal ped g Jol olitie YeS- Siugle
51 oslaiwl ((SNV) o jlaibsl Jb y 2365 9 (MSC) oassl38l
0 &8s VL ol wliiie (¥55- (S ihgle (s3lelgen
S Sl o 0 ]y (SKarsS S sle il e
5l oolizul b 3,8 o3y% SSC paass ;o [¥8] o, Kos
wlize glagts, om0 P Fawsp edb
NI RIS I NV KPS N
lyl Gladley @neS 5 anin bogiledley
Slaibial Jloy @jes olgtl Jlog paiie g3l it
45 Woges ylsS (MSC) eanyliél isky mams ¢ (SNV)
0ss ol (SNV) bl Jloyi as8 b aomeis oy g
5 gy bigel Dolite Cusle 4 az g b wir el
b ole> 5o IS ST s e 5 6 S el Sl
5 Jeols Glaeols o lawslio sl gy Jgame
LIVT 2555 )3 analie 890 K00S0 b il sla gl

(PLS) 3 lag o JBlao (ygumms 5, 1.
5 sl S sbbacsazs sly RMSE R slie
sloosls b (PLS) (5o 5, e slaoe (oimjlel
oals &Sl (V) Jgao jo alies ailgs boals o3ls 5 9 pl>
sl p i den &5 weo e olid @mls ol
2536 Bl Oa lackib rizas 5 esipld
5 e wslhae <85 b jlaesTy @l clld i
Pnotn 5 el Jae 0 @mls e
RMSEC=+/fY0 L Y= Siusle  (5jlu,lgan
&b Jol> R%y=+/2F+ RMSECV=+/0\A R%=+/2fA
5 Sy b Jeily [YY] ohSes 5 plaslas
Slao g 5 (S Ao e ganail sl & sy
Om Sl 3ges (wyp |y TA 5 SSC ol Ul 63, (&S
Fd (Y- (Siusle sile)lyer (sileiS e slasts,
(MSC) ousl38l yidy moseai wlabinl Jboy s il
oy e | esliiul pgs Bie 5 Jol Grie b pleS
oS bl aseas 18 EBs YL (MSC) a3l
Jesly [¥0] oLKen 5 glom, wzesls g o 1, LUl

S Sl Sogie jshiea abld o (g)lsppgal



VE Sl o o)lads Q0,90 dde Crio jo ya slag,glid aclilad /\Tf/\

A4

(PLS) (g3 5 ilizeo slo oo (i Ll § (gl IS sloac gazs (5l RMSE R polie (V) Jouo
Table 2. R? and RMSE values for calibration and validation sets of different regression models (PLS)

RMSECV R%, RMSEC R Filnin )
Pre-processing method
0549 0933 0519  0.938 ko o9
Without preprocessing
0518 0940 0475  0.948 SV sl illsen
Savitsky-Gulay smoothing
053 0936 0506  0.941 ol e
1th derivation
0525 0939 0496  0.944 Fs> Sie
2th derivation
0521 0939 0486  0.946 Lo das-
0553 0932 0524  0.937 ENV) oyl Jloj g3
Standard normal distribution
0520 0940 0476  0.948 L MBO) el i s
Multiplicative scatter correction (MSC)
b a
10 - 10
9 4 9 ‘.
8 1 8 R2 = 0.9482
- R? = 0.9385 7
L @
§6 § 6 “
55 B 55
S S
rd S
3 4 3
2 1 2
1- 1
0 T T T T 1 0
0 2 4 6 8 10 0 2 4 6 8 10
Predicted Predicted

boad (351 (PLS) (352 Slasye (ygmssS ) Joo brsgi oSy ol Codlad onds s st 5 (558l j2olie (e (Ko (F) S50

Y9S- S Fusle il lsen
Fig 3. Correlation between Actual and Predicted Values of Peroxidase Activity Regression Model (PLS) Preprocessed with Savitsky-Gulay
Smoothing

b onl (@ ¥ S wad Sl Jse slagee Job
e Ghey 90 plely eadolulis SR slagse
SLEl o GPA) Jlgte cmiion w268l 5 (o S
5 adeisy)l5 @i & plgee ) TV M oo Jobo
S o Judg S i 1) el Ve zge Jobo oogue
Ol e olme alS L Vsl o« [FA] ol
3l edlad Sl 5o Jd )0l g (nilingiil ki slaailo S,
by )l 0y90 Jsb ) badiged S (Soem) 5

P slagge Job P
Lo shiboniim sbodls Sorw)¥) oo ololy
zoe Job V(@I T JS) $YsS- Siusle ibelgen
il cdld s s S5 lagse Job leea
AU gl rimen s bl bdiges o jlaST,
(o F USE) (SPA) Jlse (s piaysl L baosls oy
oS 4 gee Jsb 1l eslinul 5l g RMSE (ls
bzse Job slass (Rl b G 5 00pm) 995 lade



OH)Se 5 gaaze 5 dllae

Y4 0 e §HIES )0 S35 g S bl B ()10 g Sl osli

Q- 9 Aee LYV b L5L°°°3m U"| 5o CH; 9
Pyl anseis )0 alive gl cudls g e VYoM
Codl 4y 039l ejin S o slansTy el

ol iyl 5 [V bl slaosls Gululy uypo

logas JT slaacul calise glyl cdale 51 sl laoges
sl I slosSIse ol Y A-YAT ol snsl Sy yoSs]
ool 5 1Y saxts C-C 5 C-O O-H CH lawss,
S8 [YA] Lol slavisn slaog,sl @iy S5z
slompl cld laly bl 090 sladises

CHy CH pgw 5 5o slapygiygl b Olsise 1) (Soemliens]
(aha
0.0015
=~ 0.001 5
2 0.0005 o1 P
CH *
S -0.0005 540 ~—N
E -0.001 694
2 -0.0015
ED -0.002 547 644
-0.003
436 536 636 736 836 936 1036
Wavelength (nm)
(@¢C ()b

i i i
600 800 1000

Variable index

i i
0 200 400

1200

Final number of selected variables: 9 (RMSE = 0.60525)

i i i i i i i
2 4 B 8 10 12 14
Number of variables included in the model

sais il Jige logse Jsb s (w) 5o cbgse Jsb olasi b RMSE olyeis () PLS Joe sy sismmssSy oty Sy (F) S50
(C) SPA Jawy

Fig 4. Changes in regression coefficients of the best PLS model (a), RMSE changes with number of effective wavelengths (b) and Selected
Effective wavelengths by SPA (c)

o om0 Ll s 5 slagse s ulaln (5l
oo (Gt 0,550 5286 L ssdolnl Joo loJoe
R% +/AAY RMSEC=+/YV4 L .55 4 ANN g (SPA)
cds 53V 6l ls R%y =+/AAY s RMSECV=+/Y'\% =

P slegge el p g3lwdue 8.
slJoe ads (V) Jgoo 0 caddsl)l mlbs ululy
a 0B Jod LB cdo b s Jos I 8 4 cadioll
090 b 0 SheeSly il clded i



VF) [l oF o,leds Q0,90 Jde Caio jo wya slag,5lid aclilad c Yo

)85 g (ANN) (esias (cuas a8 323l b ondolon
ok ek | o Sles e )leniul OB,
Ollen 5 suemme 5 iy LS S p (s Sl
0395 ) Jidos; o PH © e 1€ (e 5 5 [FV]
S0P s bl S )l psal Sl eslitul L 5l
4 Cows (ANN) (seghan (onae a5 Waged (A1 5
0,95 (b )0 e PH (o35 )0 63V 283 la g, nle

Dyl (el )b (s gl 5l oslainl b (g,laeSS

2 A0 ISE) 0 slanaSTy mpl culled o
Eran e glass YL okl G2l gl le
Cloos 4 Cows JeaS5 Slaslre gz (ANN)
3 g loodldis) Sl e (60l Sdedr Sgam S
2 9 b 5l )k )0 Wl bl Slasein 55l
5 G [F) FoY] ool ol 555 calises ssle
llp L olE S ganaies o [FY] K

5 by ilppgar 5l eolitul b (595 slpine
Joe walize slopin, oSl o 0 a5 Woged b)lS

P30 slagse Job b ool (g S, Glises slaJas (i jLiel 5 (ygnnl IS sloac gaze 51 RMSE R? polia (¥) Jgur
Table 3. R? and RMSE values for calibration and validation sets of different regression models created with effective wavelengths

RMSEe, R%, RMSE. R Al o
Combined Models
0.531 0.937 0.509 0.940 RC-PLS
0.556 0.931 0.537 0.933 RC-PCR
1186  0.677 1203  0.677 RC-MLR
0.487 0.946 0.440 0.956 RC-SVM
0.391 0.984 0.378 0.985 RC-ANN
0.539 0.935 0.511 0.940 SPA-PLS
0.535 0.936 0.507 0.941 SPA -PCR
1274 0628 1292 0.628 SPA -MLR
0.487 0.948 0.434 0.959 SPA-SVM
0.316 0.987 0.279 0.987 SPA-ANN
Validation: R=0.98749 Training: R=0.98664
o Q  Data n;) Q2 ©  Data
B 7 | it /3 o
o | |G ¥=T :"
+ [
o : >
5 i =
R 2
= o
ta o:"‘: '{
R g
2 Fo 4
- A o
S 3 : 5
= O
{
3 4 5 (5] 7
Target Target
()b (@na
O30S 5 w2 y2 5 (ANN) (estme prae aSd (il Joo b sl o3l codlad oads o iy 5 (28ly polie o (Saan (8) S0

(u) W)L.&l 9 (;DJ‘) u}wl).....llf dLﬁcélé ‘5lj.l f}o LngC}o J}Jo Ln c..\....:.)l:u‘ (RC)
Fig 5. Correlation between references and predicted Peroxidase activity with artificial neural network and regression coefficient combined
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Abstract

Regarding this fact that peroxidase (POD) activity is considered as one of the important qualitative parameters
of apple fruits, in this study, the effect of cold storage on POD activity of Red Delicious apples were
investigated during 60 days. Hyperspectral reflecting imaging in range of 400-1000 nm has been applied while
POD of samples were measured according to standard methods. After discarding noises using principal
component analysis (PCA), to improve spectrum, different primary pre-processing had been applied and their
effects were investigated. The suitable model was obtained via Partial Least Square method (PLS). Important
wavelengths were selected based on regression coefficient of the best model includes large absolute values of
weighted regression coefficients (RC) and sequential predictions algorithm (SPA) and using various technigques
were modeled. Concerning the PLS analysis, the best results were obtained through smoothing Savitzky-Golay
pre-processing with mean square root error (RMSE) of 0.475 and 0.518 and coefficient of determination (R?) of
0.948 and 0.940 for calibration and validation data, respectively. According to RC and SPA, 9 wavelengths
were determined as the best. In modeling by efficient wavelength, artificial neural network (ANN) and SPA
Combined Model gave the best result. The results indicated that hyperspectral imaging could be considered as a
valuable tool for POD activity prediction and the selected wavelengths could be potential resources for
instrument development.
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