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«Prediction of gas chromatographic retention indices of essential oils with Linear and

nonlinear methods”

«Quantitative structure-property relationship study of chromatographic retention indices

for essential oils using linear and non-linear methods”
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V- Supervised Learning or Supervised Training
v- Processing Element

v- Dendrite

f- Cell Body (Soma)

6- Axon
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Structure of a Typical Neuron

Dendrites Axon terminals

Cell body Node of ranvier

Schwann's cells

Myelin sheath
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y- Additional Function
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v- Node
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#- Linear
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v- Recurrent

Yy



31 liges V=Y JSs 0l (LB slaaY caizmen g 4 Gled p sl 4Y ja g5 g anle

VST ARV 35

Biases

[f&])p&‘ £5 ) (oias cmac a5t Soileds -V-Y

'S 0 by seaSl -Y-V-Y
Olea S50 slag s b ey Hled 4y (53 SO 3l Sl G PBlas i glaaslis o

)3 357y 0,553 et g5 ol o (Sike b S o S S Y slegsy b s Y

Irafflams o gales |, a8 aSs S 5l sliges A-Y S

y- Feedback
YA



Biases

[£0] 155 s 59 51 s stan crae a5y Silass -A-Y

255 O S (b -A-Y

5 ool &5 S Wigdioe aopleile aY wix o lagg s et slaased o
a5 onl e sloay &5 (b 0 op Tiazmg s Y 5 T60gys wY i 4 Y ()5
Y 6y 4 ol e 5l @3y5 oMbl il daaSids g5 ol y oieb oo "ol sloasy
aY @Bly )3 3,5 cod Dygo 63955 S5) 2 $Bil0n ger aY (ol o Ll wedoe Jlul (63959
G Y @ gy pl (295 0,00 sage |y sams Jlail 5 canS il o il 13)..4 5999
@ 7o Y ooy Bk ol el (2 Cales po 5 ead Jaie wenl Gl Y ples oS
535 0 Jlo) g Lone

5 g dSgeSms slagg 5l (he Y Wiz b Sl cdel jom ity sleaSs A-Y SG Gub
a b e JUsl b So Loy 5l aY sz aSid S e eoliinl et UL 4Y S
bl b gy 5 lasog)g e Iy (b p 5 (b alal; 6250k ally &5 s oo o5l aSi

00 5l 2lsds edguzme pa )3 () A5 Wi oo |y (Gl (nl Al 4 a2y 2 Y il

\- Input Layer
y- Output Layer
v- Hidden Layer

Y4



&g 5l Glgi e 008 I8 gogae als o 29y awdletn ST aldl 05 (I3 Fo0 b

.[\‘\]a; oolaiwl 29,5 Y )0 ASseSiw jludgases

Input Hidden Layer Output Layer

a1 = tansig (IWwLip1 +bi) a2 =purelin (LW2.1a1+b2)

[vAl tansig/purelin o3 iy aSss -4-Y S

295 S sboaSiud higel A=Y

> i (higel (laools degame uai @Sd sl ol anl 3 al ole IS ok 4
D] sl o oSt oy Y siloans 5 4t (350l doiyie 4 o3l
385 Ly Al SO ol -V-4-Y

A5 Sy s NEWFF sl a5 bl o a5 bl 95 iy 4505 Sy b 4o dl o sl
T Olge A ly eal agd Al g ALl (6995 sl @bl WS e obml i
oz, collae polie g yile felily (yeegs (6395 oy myile yelily (rdsl ils S 0y
2l o oad ool (bigel i 5 55 el on 3T g JUES! &b g5 yal )l (raogen

looys 0 oplel (oo lade —Y-2-Y

&b 20,5 el b laabl 5 Loy (ol polie (o3 &Ll SO (hseel I 8
Sygo a ol Nt jgiws b canl Sew Jg s oo jlaie lagyje 40 ) S0g5 &5 4 NEWTT

2lo plxil 55 5045 58

y- Simulation



Al Shjgel -Y-A-Y
B sl Wl oo ad sy g0 aSd hjgel a4 Zagh el 5 lagyjs & (o laie Sl ey

S S Ghigel wnld 08 5 ool y5e LagSll oy Akl b g oS ais g

Job j0 il oo (1) Gun g (P) 4l (699,59 Jolis a5 o)lo 5Ls asiis jUasl o )60 L3, 5l b Jle
2 &l 005 A g @Sl ‘G;.l)lf &l b ooads e b bl ¢ oy u‘b)’yi A,
bl a5 wib o (MSE) ol Slaye fgomme (nSles 55 i saSed sly (5,8 i
Dy o (Sl

M N _

me= 3 (e) = 1 0 -a) o) ol
Sl et -F-2-Y
©9959 Olsxe a1y (0959 Yoy 5 A &b ol WS o (il 1) A S SIM &6

[¥¥Tasls S oo p 1y &Sl (2,5 9 <l o

s 4 (chjeel sl oSl ) =Y
w23 5l e s @oays e m Bl 0055l ey Gl orae GloaSs o
Srdtisel Dred )0 owas aaSd ©jad 058 e ooliiul (Bjsel 6 S L Sl
sl a5 2 tiilo s oot sloaisgel peaxd 4 (o job 4 il 0B 1) Lot a5 alys]
adsl SleMbl 5 baaisgal mrani ©jad ren Sjluoe FVL 5 Dslite o8 Lk Sl 650k

ool anle gglite (5,80l slapis e SII 5l cae slaaS_i bieel slp [¥aleed

y- Performance Function Modification

Y



35 g0 ooliisl T IsS Jlem S yis) 02 )58l 5 Trgose oS el ey wipsSl L Slol,S Jo3s
o g las jlastl b T lasl o pb 4 (a0l SiSE Sy sasgeme ) le—ie 4 (Son oS
Lol 5o Aol 285 g (6 S0k Sty oyl o Ll g o0

33 = el je S o sleaSit sl LU L 3300l Jolate Ghgy G las )Lall ey
sl 5L cB55el 5Tl 4 (295 5 699)5 o yeiie e DL 9 )5] Cews 4 (sl S0k
ooliitul ley Y slils St Sile 4 b (Fo 5 Y S5l S b (s slaaSid o (g
03,5 dumlie (Baa) jlatl 0)50 (29,5 b (Hly (29,5 (o> 699)9 ST o (sl 09d o
=95 09 Cews an gl b sl a5 sla Jlasl dse & > g,5 50 (ol o MBS s
olie goiilan Gos L 45 25,5 51 g ce (Ui 51 00iST b ckiog: oad solitl
Jlail cwils i S eosd oo Cogdl wilodgs yige o>g,5 ;0 a5 glaasly Jlasl il alsls
4 Sl gl g0 a5 Sl (ol slaasly 1 a5 Koo 5l g oads aend lai 0550 laaly (e
sl aaalys (25,5 5 Sl Sazly (595 S Sl LS asbs
9,00 0975 w58l (55lwosly 5 (oBi50l SlasSl al)] sl e 3, 90
T390 4 5099 o Jlesl il am Lably g bapye wo)ls ol SelS @y o8 seel a5 gl b 5o
degaze slach) lagogyy plead Jlael 51 g Fgliss (ojsel o9y y0 a5 b jo s s
2 Slp 0ad drulme glacud &5 O g0 s 0,5 00 el L5y Sl )is, 4 Slles (o254
ol 5 9V ]wisd 555 4 T Gosb 5l lagubl 5 Loy Coles jo b 00,5 oo oz oo L (529

- Gradient Descent

- Conjugate Gradient (CG)
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- Backpropagation

o- Incremental Training

#- Update

v- Batch Training

- t < —

Yy



Y0lagtiga plonl 5 Jolre b p Ll ST S8 @ 901 S 5
Ylasl 51 S o a0 Bolad (59 e yile (olais] ()
Cooms 43 (5995 SO9y I sog,9 ,Lal 5 o b celiiie (z9)5 5 99959 o Pl ()
7o SOy s
7o saY 5o gy (295 dmsle a2l 0 s AY 2 10 (95 (29,5 drmlxe (7)
Al glas sanloe g (Ban polis) o28ls polde b aSiil slo 29,5 duslio (o)
o ol gllas a5 L5 slaaY 4y et sllas JLasl g @ lagyzs edlel 5 s5luie, 4 (@)
el ol dlne (29,5 9 (HBly (29,5 G SWS SI L2U
yaze oSl wiile ond Gy ol @l S5 ews (Bjgel el o Shee )l (9)
(MSE) lallas =l o
(390] Obl Ceond 4 2asS p plil w5 ()

I el b Jlde b osss) Slre 1SS iSlas 4 a8 0gdi0e HIS5 Gloy b 30 Sl
Al S ol s &S (g 0o
ths 15 098 oo oneli jLadil g (g (nl e300 &) ST (nl (b j0 &5 anl B Jds &
O LSl slagyjg lanl a8 s 5 09 e 00l S a4 a5 el sl (295
50,5 o0 ol (69959 @Y 5 ey Y G bLS lagi e 9 Ole Y 5 (2g,5 Y

o2l R se O)leS S gl 9 SbolS g3 a0l 90 (o 4 anldl (o

SbolS oy (oBieel p oSNV Y
Jor oSigel miyo8l wyyee S5 Laml ey 350l sl o A e oSl o 5 Jslacte

&S gz 5o bl g brygy Jed 5l asis oo el )y o cb5ge] wi ol ol jo el SLolS

\- Epoch
Yy



Lilsy ygo a L oisal 65 ) lagyjs (Sl 59y @ S o0 iS55 Pl oS &

Wiji,n+1 = Wiin + 0AWijin (V-Y) doles
e
Awiin = -0 (A-Y) aoles

oo @l B9l o5 0 ol ] 05555 el L g5 o GBS 03s Wy 398 Ly 0 &S
Iy Lyse oMol o ouls ails y slapls ojlal 6 ,F0l cepu vcillas Al 50 E 9 (5,500
oS Hlade a5 Jb> j0 00l (hjeel w0 0l slaylugs cel ol (6 S0l S a0 o L

Irvleathas laie 2als o)y moeas 5l s 550 olo 4 b g 998 Jolas s als a5 ol

S5l98 )l S yig) (o jgal o yoSIN YY) - Y
Sl Jol )l (gulul 5 odes hnd g3 sl Jslaito (oot )sSI1 ( GL3LS Jo35 oSl 0925 L
@ Jeds 4 aSs oyl )y ad cBgie (hgy nl ixd (e 5 Cel il O (2 Sen e
LE80PV] sty o 4y JalS 5,50l ol 51 U ) e e bolis o LT cpoliél ol
sPi5e] sl 0o ooliiul ity (—Sisel S o a5 (G 5Nl
Ple s JLasl e iy 4 Cond OleS e S g (bigel by wewl D)lsS LS i)
Sl Al LSl o ase Y (layg i olaws wal alS gy cpl K (S Cewl Sag
oo 3l o (150 5w oleiig 1AAF Lo 10 Syg) by b Gl sl (8590 o680l
Slp Told 4 psasse ()] pgo Gt I p 5 (LolS) aSd sl el 4 o Loz b 4l

9 b0l Jo3 gy 90 3l omS 5 Cdui> 50 hgy el gl e eoliziul lagyiy e

y- Local Minimum
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\- Statistical Indices
v- Correlation Coefficient
v- Determination Coefficient
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v- Chance Correlation
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\- External Validation Set
v- Cross Validation

v- Leave One Out

t- Leave Group Out

o- Train Series

#- Validation Series
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\- Constitutional Descriptors

v- Topological Descriptors

v- Molecular Walk Counts

f- BCUT Descriptors

o- Charge Indices

#- 2D Autocorrelations

v- Charge Descriptors

A- Aromatic Indices

- Rancid Molecular Profiles

\ .- Geometrical Descriptors

V1- Radial Distribution Function Descriptors
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Abstract

Herbaceous essential oils and related compounds have a broad application as for
flavoring food, folk medicine and perfume and medical industries. In this project, the
quantitative structure-property relationship studies was taken for retention indices of 77
and 119 essential oils in first and second parts, respectively. For modeling the retention
indices of these compounds, two methods containing linear (multiple linear regression;
MLR) and nonlinear (artificial neural network; ANN) were applied. The stepwise
regression method was used for descriptor selection. The models were validated using
external test set, as well as leave one out and Y-Randomization techniques. Both linear
and nonlinear methods have good prediction ability, although ANN model has more
accurate results. The correlation coefficient (R) of the test set obtained by MLR and
ANN models in the first part of this study were 0.975 and 0.982 respectively. Also in
the second part, the correlation coefficient of the test set obtained by MLR and ANN
models were 0.941 and 0.956 respectively.

Keywords: Quantitative structure-property relationship (QSPR), Multiple linear
regression (MLR), Artificial neural network (ANN), Essential oil, Retention index (RI)
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