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*78 543.27+543.068.8+543.061:637.06 
 

!"#$%$&'%() *.+., !"#"$.; *,-'%./0" 1.2., %.$.&., '()*. 
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D*?*1E<+A !@1E!+47@ 3@!=++=?*<@D3@9 !+9F*4 

 
!"9&-(":;()< #(&%2.')020 =".>-%)= 02=(-:-,&<, %#:. ?-:-/)4).';$" 68, 8)@%, *$."@(", 

01601; e-mail: asya.kalini4enko@gmail.com 
 

+#,&!-.&&/ 01230)"$1 4.,)*123&#5 
!.()6&#5 $! *!0723$!$#8&)-!&!.()6&#5 
410())(9!&1,418 (')0!,&#0! :;<=<&;, 
:>?/9) 0)86!"&#5 8#()618 ,! "$!&%!($)4 @ 
$(#8!2#4 (')&!% 72 9)%.), $(7%)41"$0#4 $! 
"76’@0$#8&#4 !&!21,)4, A) ')$(.67@ 
6!9!$).$!'&)B '1%9)$)80# '()6# $! ')C#8&)9) 
".(.%)8#A! [1]. D)81 '1%5)%# %) (),()62.&&/ 
4)%.2.E '()9&),78!&&/ 410()61)2)91-&)9) 
'"78!&&/ 4’/"&#5 $! 0)86!"&#5 8#()618 
"$!82/$3 ,! 4.$7 '(#"0)(.&&/ 8#,&!-.&&/ 
01230)"$1 410())(9!&1,418 '"78!&&/ !6) '!$)-
9.&18 5!(-)8)9) ')5)%C.&&/ ,! (!57&)0 
8#41(F8!&&/ )'$#-&)B 97"$#&#, 14'.%!&"7 $! 
'()81%&)"$1, 61)2F41&."G.&G1B, *.(4.&$!$#8-
&)B !0$#8&)"$1, 01230)"$1 2.$0#5 "')270 [2]. 
D!E-!"$1H. , '"78!&&/4 4’/"&#5 '()%70$18 $! 
')91(H.&&/4 )(9!&)2.'$#-&#5 82!"$#8)"$.E 
!")G1FF$3 4.$!6)21,4 8123&#5 !41&)0#"2)$ 
'".8%)4)&!%!4# $! 81%')81%&) ,6123H.&&/ 
0)&G.&$(!G1B !41!07, A) !0$#81,7@ 7$8)(.&&/ 
1&H#5 '()%70$18 4.$!6)21,47 !41&)0#"2)$ – 
!41&18, 1&%)27, "0!$)27 $! "723*1%18, A) 
'(#,8)%#$3 %) ')/8# 5!(!0$.(&)9) &.'(#@4-
&)9) ,!'!57 $! ,6123H.&&/ ,&!-.&&/ pH. 
I!'!5#, A) 7$8)(FF$3"/ '1% -!" 410()-
61)2)91-&)9) '"78!&&/ 4’/"&#5 '()%70$18 
)'#"7F$3 /0 "2!60#E 4)2)-&#E, !6) C#(&#E, 
"#(&#E ,! 107 :>?/9, ,6123H.&&/ 841"$7 
410())(9!&1,418 $! 8#-.('!&&/ ,!'!"18 92F0)-
,#, $! 1&H#5 &#,30)4)2.072/(&#5 "')270 
'(#,8)%#$3 %) ')/8# 6123H 5!(!0$.(&#5 
,!'!518, ! "!4. &7%)$&)-")2)%0)9) ,!'!57 (),-
'!%7 612/ 108 :>?/9, 9&#23&)9) ,! 109 :>?/9 

[2]. J!4. %81 )"$!&&1 "$!%1B (),4&)C.&&/ 6!0-
$.(1E (),'1,&!F$3"/ $! )'#"7F$3"/ "')C#8!-
-.4 /0 6.,"74&18&) )(9!&)2.'$#-&. '"78!&&/, 
)%&!0 $!01 ,&!-.&&/ 410()61)2)91-&)9) 
')0!,&#0! %!2.0) ,! 4.C!4# &)(4 "$!&%!($7 
(&. 6123H. &1C 1,0 ! 103 :>?/9).  

<0$#8&) 8#0)(#"$)87F$3 5141-&1 
".&")(&1 "#"$.4# %2/ "0(#&1&97 9!,)8)B *!,# , 
4.$)F 8"$!&)82.&&/ 1%.&$#-&)"$1 $! 81%41&-
&)"$.E "02!%7, 012301"&)B )G1&0# 841"$7 9(7' 
!6) 02!"18 2.$0#5 "')270, 8 $. -. '()%707F-#5 
410())(9!&1,4!4# '1% -!" '"78!&&/ 5!(-)8#5 
'()%70$18 [3-7]. 

+1%41&&)F 5!(!0$.(#"$#0)F ".&")(&#5 
"#"$.4 $#'7 .2.0$()&&#E &1" @ '.(.5(."&! 
-7$2#81"$3 ".&")(18 %) "02!%)8#5 0)4')&.&$18 
%)"21%C78!&#5 ,(!,018, A) %),8)2/@ 8#27-#$# 
8.2#0#E )6’@4 1&*)(4!G1B '() 82!"$#8)"$1 
)6’@0$! $! )")62#8)"$1 8#41(F8!23&)B "#"-
$.4#. J.2.0$#8&1"$3 !&!21,7 .2.0$()&&)9) 
&)"! ,!6.,'.-7@$3"/ 6!9!$)0!&!23&1"$F &!%-
5)%C.&&/ 1&*)(4!G1B $! ,!"$)"78!&&/4 
4.$)%18 )6()60# 6!9!$)8#41(&#5 %!&#5. 
?$(#4!&#E 6!9!$)8#41(&#E 81%970 "#"$.4# 
'(.%"$!82/@ ")6)F 5!(!0$.(&#E 81%6#$)0, !6) 
5141-&#E )6(!, ,!'!57 ,(!,0!. ?%&!0, '()"$)$! 
'1%5)%7 ')$(.67@ %)"21%C.&&/ "$(70$7(# 
%!&#5 $! 8#%12.&&/ 1&*)(4!$#8&)B "02!%)8)B, 
4)%.2F8!&&/ $! )'$#41,!G1B !29)(#$418 
)6()60# 6!9!$)8#41(&#5 %!&#5. 

D! "3)9)%&1 8 5.4)4.$(#G1 &!E6123H 
')'72/(&#4 4.$)%)4 6!9!$)8#41(&)9) 
0!216(78!&&/ $! '()9&),78!&&/ &)8#5 ,&!-.&3 
@ 4.$)% '().0G1B &! 2!$.&$&1 "$(70$7(# (partial 
least squares regression, PLSR), &! 81%41&7 81% 
4.$)%7 (.9(."1/ &! 9)2)8&1 0)4')&.&$# (PLS), 
,%1E"&F@ )%&)-!"&7 %.0)4'),#G1F 4!$(#G3 K 
(4!$(#G1 '(.%#0$)(18) $! Y (4!$(#G1 81%97018, 
,&!-.&3 '()9&),)8!&)9) ')0!,&#0!). L().0G1B 
67%7F$3"/ $!0#4 -#&)4, A)6 4!0"#41,78!$# 
0)(.2/G1F K $! Y (!57&018, A) %!@ ,4)97 
0(!A. )'#"!$# "02!%&1 ,8’/,0#, 8#0)(#"$)-
87F-# 4.&H7 012301"$3 9)2)8&#5 0)4')&.&$18 
[8]. I! (!57&)0 ()6!"$&)"$1 $! 4)C2#8)"$1 
&!)-&)B 1&$.('(.$!G1B (.,723$!$18 !29)(#$4 
PLS @ )"&)8)F %2/ 6!9!$3)5 4.$)%18 0!216(7-

 ! :!21&1-.&0) <.?., <(".&3@8! M.N. 
DOI: 10.24144/2414-0260.2019.1.68-75 
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8!&&/, A) 8#0)(#"$)87F$3"/ 8 5.4)4.$(#G1: 
SIMPLS, PMN, Ridge PLS, QPLS, GIFI-PLS, 
$)A) [9]. 

O!0#4 -#&)4, 4.$)F ()6)$# @ (),()6-
2.&&/ .0"'(."-"')")67 8#,&!-.&&/ ,!9!23&)B 
01230)"$1 410())(9!&1,418 8!(.&#5 0)86!" 
('()9&),78!&&/ ')0!,&#0! :;<=<&;) , 
8#0)(#"$!&&/4 4!"#87 4!"--7$2#8#5 ".&")(18 
8 ')@%&!&&1 , 4.$)%)4 '().0G1B &! 2!$.&$&1 
"$(70$7(#, A) 802F-!@ %)"21%C.&&/ 
1&*)(4!$#8&)"$1 ')51%&#5 '!(!4.$(18 , 
81%97018 ".&")(18, ')67%)87 $! )'$#41,!G1F 
(.9(."1E&#5 4)%.2.E. 
 

;(-G',HI'%J"#.%" &"-JH%" 
 

P)$78!2# "$!&%!($&1 ,(!,0# 0)86!"&#5 
8#()618 ,! (.G.'$7()F 8!(.&)B 0)86!"# 
M10!("30)B 8#A)9) ")($7. ;)%.2F8!2# 
410()61)2)91-&. '"78!&&/ 0)86!" ,! $.4'.(!-
$7(# 20±1 ºC '()$/9)4 4 %16. +#41(F8!2# 
')0!,&#0 01230)"$1 4.,)*123&#5 !.()6&#5 $! 
*!0723$!$#8&)-!&!.()6&#5 410())(9!&1,418 
(:;<=<&;) [1] '()$/9)4 ,6.(19!&&/ ,(!,018, 
! $!0)C 0)&$()2F8!2# 81%')81%&1"$3 *1,#0)-
5141-&#5 $! 410()61)2)91-&#5 ')0!,&#018 
0)86!" 8#4)9!4 "$!&%!($18. I!9!2)4 672) 
!&!21,)8!&) 36 ,(!,018 0)86!"&#5 8#()618 7 
$(3)5 ')8$)(&)"$/5. 

=)(478!2# 4!"--7$2#8#E ".&")(&#E 
4!"#8 , 8#0)(#"$!&&/4 08!(G)8#5 (.,)&!$)(18 
<O-,(1,7 , )"&)8&)F -!"$)$)F 0)2#8!&&/ 
10 ;PG , "(16&#4# .2.0$()%!4# %1!4.$()4 5 
44 (+<O «L’@,)», ;)"08!, Q=). R2/ 
"$8)(.&&/ ')0(#$$18 ".&")(18 8#0)(#"$)-
878!2# (),-#&# 5()4!$)9(!*1-&#5 *!, 8 
!G.$)&1 $! 52)()*)(41, A) 5!(!0$.(#,7F$3"/ 
(1,&)F ')2/(&1"$F, "$!6123&1"$F $! 
".2.0$#8&1"$F ') 81%&)H.&&F %) 2.$0#5 
4!(0.(18 4’/"&#5 $! ")@8#5 '()%70$18: 
')21.$#2.&9210)23 ".6!G#&!$ (PEG seb – 
".&")( 1), ')21.$#2.&9210)23 !%#'1&!$ (PEG ad 
– ".&")( 2), %#G#02)9.0"!&)-18-0(!7&-6 
(DCG18k6 – ".&")( 3), Triton K-100 (TX-100 – 
".&")( 4), ')21.$#2.&9210)23 2000 (PEG-2000 
– ".&")( 5), ')21%#.$#2.&9210)23 "70G#&!$ 
(PDEG suc – ".&")( 6), ')2181&12'1()21%)& 
(PVP – ".&")( 7), 8#9)$)82.&1 0)4'!&1@F 
Sigma-Aldrich Chemie GmbH (O?+ «<2"1», 
:#B8, >0(!B&!). =)(478!2# ')0(#$$/ ".&")(18 
4!")F 10-20 409 "')")6)4 "$!$#-&)9) 
8#'!()878!&&/ 0!'21. 

S0"'.(#4.&$!23&1 74)8# "$!$#-&)9) 
'!()*!,&)9) !&!21,7 0)86!" , 8#0)(#"$!&&/4 
.2.0$()&&)9) &)"!: '()6# 4!")F 5,0±0,1 9 
')41A78!2# 8 '()6)81%61(&#0# )6’@4)4 
60 "43, 1&%#81%7!23&#4 H'(#G.4 81%6#(!2# 
3 "43 (18&)8!C&)B 9!,)8)B *!,# (QP=) $! 
88)%#2# 8 0)41(07 %.$.0$78!&&/ ,1 H8#%01"$F 
60 "43!58-1. T!" 8#41(F8!&&/ "02!%!8 60 " , 
1&$.(8!2)4 1 ". :)41(07 %.$.0$78!&&/ .2.0$-
()&&)9) &)"! )-#A78!2# ')$)0)4 )"7H.&)9) 
')81$(/ '()$/9)4 3 58. %) 1&C.0G1B &)8)B 
'()6#. 

I 8#51%&#5 "$!$#-&#5 81%97018 ".&")(18 
8#27-!2# ')51%&1 '!(!4.$(# $! %)"21%C78!2# 
B5 1&*)(4!$#8&1"$3 %2/ '()9&),78!&&/ 
01230)"$1 4.$!6)21$18 /0 1&%#0!$)(18 '"78!&&/ 
0)86!", ! "!4. '2)A1 0(#8#5 )%#&#-&#5 
".&")(18 $! )"1 !6"G#"# -!"7 B5 )64.C7F-#5 
(Si, PG!c) $! 4!0"#4!23&1 ,41&# -!"$)$ 
0)2#8!&&/ ".&")(18 ,! -!" 8#41(F8!&&/ 
(UFi

max, PG). L!(!4.$( UFi
max '(.%"$!82/@ 

4!0"#4!23&7 "$7'1&3 (.!0G1B ".&")(! &! '()67 
9!,)8)B *!,#, 8 $)E -!" /0 Si 5!(!0$.(#,7@ 8"F 
0(#87 81%9707 $! 81%)6(!C!@ 01&.$#-&1 !"'.0$# 
!%")(6G1B 2.$0#5 "')270 &! ')0(#$$1 ".&")(! 
(8,!@4)%1F 2.$0#5 "')270 , '2180)F ".&")(! 
$! %#*7,1F &! ')8.(5&1). +1%41&&)"$1 7 *)(41 
0(#8#5 81%97018 41"$/$3 1&*)(4!G1F '() 
-7$2#81"$3 $! ".2.0$#8&1"$3 ".&")(18 %) 
2.$0#5 4!(0.(18 !6) 9(7' 2.$0#5 "')270. 

Q.9(."1E&1 4)%.21 67%78!2# 1, 
8#0)(#"$!&&/4 4.$)%7 '().0G1B &! 2!$.&$&1 
"$(70$7(#, A) (.!21,)8!&) 8 '()9(!4&)47 
,!6.,'.-.&&1 The Unscrambler 10.4 software 
(CAMO Software AS., Oslo, Norway). 
 

='KL#.J"JH J" )MN)0),'%%O 
 

D!%41(&1"$3 4!"#87 %!&#5 .2.0$()&-
&)9) &)"! 7"78!@$3"/ ,! (!57&)0 8#27-.&&/ 
1&*)(4!$#8&#5 '!(!4.$(18 , 8#51%&#5 81%97018 
".&")(18. +#61( )'$#4!23&#5 '!(!4.$(18 
,!2.C#$3 81% ,!%!-1 !&!21,7, "$(70$7(# %!&#5, 
! $!0)C 81% 8#6)(7 4.$)%7 )6()60# 
6!9!$)8#41(&#5 %!&#5. I! 81%"7$&)"$1 
1&*)(4!G1B '() 8,!@4),8’/,)0 '!(!4.$(18 , 
&.)651%&#4# 82!"$#8)"$/4# )6’@0$! ')H70 
)'$#4!23&#5 '!(!4.$(18 '()8)%/$3 
.0"'.(#4.&$!23&#4 H2/5)4, 1$.(!G1E&) 
)'$#41,7F-# !29)(#$4# %2/ 0(!A)9) 
)'#"!&&/ %!&#5. ?$C., , 5141-&#5 )6(!,18 
,!'!518 0)86!"&#5 8#()618, )$(#4!&#5 , 
8#0)(#"$!&&/4 "$!$#-&#5 81%97018 4!"-
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-7$2#8#5 ".&")(18 .2.0$()&&)9) &)"! 
8#27-#2# ')51%&1 '!(!4.$(#: 

- '2)A1 0(#8#5 )%#&#-&#5 ".&")(18 
(Si, PG!c); 

- 4!0"#4!23&1 ,41&# -!"$)$ 0)2#8!&&/ ,! 
-!" 8#41(F8!&&/ (UFi

max, PG), /01 8#0)(#"$)-
878!2# %2/ 4)%.2F8!&&/ (.9(."1E&#5 4)%.2.E 
%2/ '()9&),78!&&/ ,!9!23&)9) 410()6&)9) 
-#"2! 0)86!"&#5 8#()618. 

?%&1@F , 74)8 7"'1H&)9) 8#0)(#"$!&&/ 
4.$)%7 '().0G1B &! 2!$.&$&1 "$(70$7(# (PLS) @ 
21&1E&1"$3 %!&#5. ?%&!0, Y (4!$(#G/ 81%97018, 
,&!-.&3 '()9&),)8!&)9) 410()61)2)91-&)9) 
')0!,&#0! :;<=<&;) 4)C. 67$# 21&1E&)F 
*7&0G1@F 81% 0)461&!G1B %.01230)5 &.21&1E&#5 
,41&&#5 X (4!$(#G1 '(.%#0$)(18, '!(!4.$(18 
".&")(18), $)47 &.21&1E&! "$(70$7(! %!&#5 
4!$(#G1 '(.%#0$)(18 4)C. &. "$!$# '()62.-

4)F '1% -!" ')67%)8# 6!9!$)8#41(&)B 
(.9(."1E&)B 4)%.21. 

I&!-.&&/ 410()61)2)91-&)9) ')0!,&#0! 
(),')%12.&1 !"#4.$(#-&), $)47 ,!"$)")878!2# 
2)9!(#*41-&. '.(.$8)(.&&/ 8#51%&#5 %!&#5 
%2/ ')%!23H)9) !&!21,7. O!0#4 -#&)4, '1% -!" 
')67%)8# 4)%.2.E 8#0)(#"$)878!2# &!$7(!23-
&#E 2)9!(#*4 ,!9!23&)9) 410()6&)9) -#"2! 
0)86!" (ln :;<=<&;). 

D! '.(H)47 .$!'1 ')67%)8# (.9(."1E&)B 
4)%.21 %2/ '()9&),78!&&/ ,!9!23&)9) 410()6-
&)9) -#"2! 0)86!" *)(478!2# 4!$(#GF 
'(.%#0$)(18, /01 6 "7$$@8) 0)(.2F8!2# , 
410()61)2)91-&#4 ')0!,&#0)4, 8#27-!2# 
'(.%#0$)(# 1, ,&!-.&&/4# 0).*1G1@&$18 
0)(.2/G1B &#C-. 0(#$#-&)9) ,&!-.&&/ 
0).*1G1@&$! 0)(.2/G1B L1(")&! %2/ &!6)(7 
%!&#5 r36, 0.05 =0.33 ($!62. 1). 

 
7"M#HPO 1. I&!-.&&/ 0).*1G1@&$18 0)(.2/G1B '!(!4.$(18 .2.0$()&&)9) &)"! , 410()61)2)91-&#4 
')0!,&#0)4 :;<=<&; 0)86!" 

C","I'J,H 0$QNL($0 -'%-),$0 r C","I'J,H 0$QNL($0 -'%-),$0 r 
UFmax PEGseb -0.73 S PEGseb -0.65 
UFmax PEGad -0.67 S PEGad -0.53 
UFmax DCG18k6 0.76 S DCG18k6 0.94 
UFmax TX-100 0.87 S TX-100 0.79 
AFmax PEG-2000 0.23 S PEG-2000 -0.67 
UFmax PDEGsuc 0.67 S PDEGsuc -0.89 
UFmax PVP  -0.92 S PVP -0.92 

 
O!0#4 -#&)4, , 4!$(#G1 '(.%#0$)(18 

8#27-#2# &.1&*)(4!$#8&#E '!(!4.$( 
UFmax PEG-2000. D!E6123H "#23&) 0)(.2F@ , 
')0!,&#0)4 ln :;<=<&; '!(!4.$(# 
".&")(18 , ')0(#$$/4# ')2181&12'1()21%)&, 
')21%#.$#2.&9210)23 "70G#&!$ $! %#G#02)-
9.0"!&)-18-0(!7&-6, A) '()/82/F$3 8#")07 
-7$2#81"$3 %) '!(18 !41&18 $! 0#"2)$ [10], A) 
'()%707F$3"/ 410())(9!&1,4!4# '1% -!" 
'"78!&&/ 0)86!". L)$(16&) ,!,&!-#$#, A) 
)%&)8#41(&#E 0)(.2/G1E&#E !&!21, @ 2#H. 
(),81%78!23&#4 %)"21%C.&&/4, $! (.,723$!$# 
4)C7$3 81%(1,&/$#"/ 81% 8,!@4),8’/,07 X $! Y 
,41&&#5 8 '()"$)(1 (!57&018 6!9!$)8#41(&)B 
0!216(78!23&)B 4)%.21.  

;)%.2F8!2# $(# (.9(."1E&#5 4)%.21 
%2/ ')(18&/&&/ 1&*)(4!$#8&)"$1 K-4!$(#G3 
'(.%#0$)(18 %2/ '()9&),78!&&/ ,!9!23&)9) 
410()6&)9) -#"2! (Y): 

- PLS1 , 8#0)(#"$!&&/4 ".4# 
'!(!4.$(18 Si $! H."$# UFi

max; 

- PLS2 , "14)4! '!(!4.$(!4# Si 
.2.0$()&&)9) &)"!; 

- PLS3 , 8#0)(#"$!&&/4 H."$# 
'!(!4.$(18 UFi

max. 
+ 6!9!$)8#41(&)47 (.9(."1E&)47 

!&!21,1 ,!8C%# 8#0)(#"$)87@$3"/ &!%41(&! 
012301"$3 '!(!4.$(18, A) -!"$) "$!@ '(#-#&)F 
')67%)8# &."$!6123&#5 4)%.2.E, &.'(#%!$&#5 
%2/ '(!0$#-&)9) ,!"$)"78!&&/. 

+!C2#8) ,!'()')&78!$# )'$#4!23&7 
012301"$3 '(.%#0$)(18, A) 41"$/$3 1&*)(4!G1F 
'() 012301"$3 '()%707@4#5 4.$!6)21$18, A) 8 
"8)F -.(97 4!@ 67$# 6.,')".(.%&3) ')8’/,!&) 
1, ,6123H.&&/4 ,!9!23&)B 01230)"$1 410()-
)(9!&1,418 '()$/9)4 '"78!&&/ 0)86!". 

;!$(#G1 %!&#5 K $! Y !8$)H0!278!2# 
(1/Sdev) %2/ )$(#4!&&/ )%#&#-&)B %#"'.("1B 
8"15 ,41&&#5 $! 7&#0&.&&/ %)41&7F-)9) 
8'2#87 &! 4)%.23 -.(., ')(/%)0 8.2#-#&#. 

?6’@4 &!8-!23&)B 8#61(0# %2/ ')67%)8# 
PLSR 4)%.2.E '()9&),78!&&/ ln :;<=<&; 
0)86!"&#5 8#()618 8.". "$!&)8#8 24 ,(!,0!. +"1 
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0!216(78!23&1 4)%.21 '.(.81(/2# ,! 
%)')4)9)F '.(.5(."&)B 8!21%!G1/ , -#"2)4 
".94.&$18 12. 

I! (.,723$!$!4# !&!21,7 ')/"&F8!23-&)B 
%#"'.("1B )6(!&) 012301"$3 ,&!-7A#5 9)2)8&#5 
0)4')&.&$ (P:) !6) *!0$)(18 %2/ 0)C&)B 
4)%.21: PLS1 – 1 P: (62%, 95%), PLS2  – 1 P: 
(65%, 95%),  PLS3 – 3 P: (89%, 94%), %. 8 
%7C0!5 ,!,&!-.&1 81%")$)0 X $! Y %#"'.("1E. 
L.(H1 0)4')&.&$# )'#"7F$3 &!E6123H1 ,41&# 
,&!-.&3 8 Y, $)47 @ &!E6123H 1&*)(4!$#8-
&#4#. I!,&!-#4), A) %)%!8!&&/ &!%2#H0)8#5 
0)4')&.&$ ')0(!A7@ $)-&1"$3 0!216(78!23&#5 
4)%.2.E PLS1 $! PLS2, )%&!0 P:2 )'#"7@ 
$1230# 1% 8!(1!G1B Y 8 )6)5 8#'!%0!5. R2/ 
4!E67$&3)9) '()9&),78!&&/ 6123H 8!C2#8#4 
@ )$(#4!&&/ ()6!"$&#5 4)%.2.E, A) )'#"7F$3 
"#"$.4&1 ,41&# 8 %!&#5. L()62.4! 
,6!2!&")8!&)9) )'#"7 %!&#5 $!0)C 
(),92/%!@$3"/ 8 ()6)$!5 <. K)"0F2%"")&!, 
/0#E ,!'()')&78!8 0)&G.'G1F 4)%.2F8!&&/ – 

H-'(#&G#', ,91%&) /0)9) ')21'H.&&/ $)-&)"$1 
4)%.2F8!&&/ "'(#-#&/@ ')91(H.&&/ $)-&)"$1 
'()9&),78!&&/ [11]. 

R2/ )6(!&)B 01230)"$1 P: (),(!-
5)87F$3"/ ,&!-.&&/ (.9(."1E&#5 0).*1G1@&$18 
("#$%$! "#), A) 67%7$3 8#0)(#"$)878!$#"/ 8 
(18&/&&1 '()9&),78!&&/ ')0!,&#0! 
ln :;<=<&;: 

&' ( )"$* + ,"#% (1) 
Q.9(."1E&1 0).*1G1@&$# '1%"74)87F$3 

8,!@4),8’/,0# 41C 7"14! '(.%#0$)(!4# K $! 
81%02#0)4 Y, &!%!F$3 1&*)(4!G1F '() 
8!9)41"$3 802!%7 0)C&)B K-,41&&)B 8 
(.9(."1E&7 4)%.23 ($!62. 2). > 8#'!%07 PLS3 
'1%"74)87F$3"/ 8,!@4),8’/,0# 41C 
'(.%#0$)(!4# $! 81%02#0)4 %2/ $(3)5 
*!0$)(18 (!,)4. I8!C.&1 (.9(."1E&1 
0).*1G1@&$# (b) 8(!5)87F$3 8!9#, A) 
,!"$)")878!2#"/ %) '(.%#0$)(18, 8 %!&)47 
8#'!%07 1/SDev (!8$)H0!278!&&/). 

 
7"M#HPO 2. I&!-.&&/ ,8!C.&#5 (.9(."1E&#5 0).*1G1@&$18 X-,41&&#5 PLS 4)%.2.E '()9&),78!&&/ 
410()61)2)91-&)9) '"78!&&/ 0)86!" 
C","I'J,H '#'(J,)%%)N) %)-" b C","I'J,H '#'(J,)%%)N) %)-" b 

PLS1, Factor-1, b0: 13.2055 
UFmax PEGseb -0.0841 S PEGseb -0.0850 
UFmax PEGad -0.0725 S PEGad -0.0663 
UFmax DCG18k6 0.0907 S DCG18k6 0.1173 
RFmax TX-100 0.1057 S TX-100 0.0947 
UFmax PDEGsuc 0.0851 S PEG-2000 -0.0808 
RFmax PVP -0.1113 S PDEGsuc -0.1096 

  S PVP -0.1160 
PLS2, Factor-1, b0: 20.3403 

S PEGseb -0.1509 S PEG-2000 -0.1434 
S PEGad -0.1177 S PDEGsuc -0.1947 

S DCG18k6 0.2082 S PVP -0.2060 
S TX-100 0.1682   

PLS3, Factor-3, b0: -1.7361 
UFmax PEGseb -0.1857 RFmax TX-100 0.3002 
UFmax PEGad 0.2333 RFmax PDEGsuc 0.3402 
UFmax DCG18k6 0.1611 RFmax PVP -0.3788 

 
D!E6123H 8!9)41 0).*1G1@&$# %2/ 8"15 

4)%.2.E @ '!(!4.$(# ".&")(18 , ')0(#$$/4# 
%#G#02)9.0"!&)-18-0(!7&-6 $! $(#$)& K-100 
('),#$#8&! 0)(.2/G1/ , ')0!,&#0)4 
ln :;<=<&;), ! $!0)C ')2181&12'1()21%)& $! 
')21%#.$#2.&9210)23 "70G#&!$ (81%’@4&! 
0)(.2/G1/ , ')0!,&#0)4 ln :;<=<&;). 

I8!C.&1 (.9(."1E&1 0).*1G1@&$# PLS1 4!F$3 
4!EC. )%&!0)8#E 8'2#8 &! 4)%.23, PLS2 $! 
PLS3 41"$/$3 %)41&7F-1 '(.%#0$)(#, )%&!0 
'.(.(!57&)0 4)%.2.E 6., 4.&H ,&!-7A#5 
'!(!4.$(18 &.')$(16.&. 

O)-&1"$3 0!216(78!&&/ $! 0()"-8!21%!G1B 
'(#E&/$) 5!(!0$.(#,78!$# ,&!-.&&/4# 
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".(.%&3)08!%(!$#-&#5 ')4#2)0 (RMSE cal $! 
RMSE val). +1%')81%&), -#4 4.&H. RMSE cal 
$! RMSE val, $#4 $)-&1H. )'#"7F$3"/ %!&1. 
:(14 $)9), /01"$3 0!216(78!&&/ $! 8!21%!G1B 
5!(!0$.(#,7@$3"/ 08!%(!$!4# 0).*1G1@&$18 
0)(.2/G1B R2 cal $! R2 val, /01 (),(!5)87F$3"/ 
8 4!"H$!61 81% &72/ %) )%#&#G1, %. &723 80!,7@ 
&! 81%"7$&1"$3 0)(.2/G1B, ! )%#&#G/ 
81%)6(!C!@ 81%41&&7 21&1E&7 0)(.2/G1F.  

D! '(!0$#G1 (.9(."1E&1 4)%.21 -!"$) 
'.(.)G1&FF$3, $)-&1"$3 )'#"7 0!216(78!23-
&#5 %!&#5 678!@ ,&!-&) 0(!A., &1C $)-&1"$3 
'()9&),78!&&/. O!0#4 -#&)4, $)-&1"$3 
4)%.2F8!&&/ (RMSE cal) $! '()9&),78!&&/ 
(RMSEP) ')$(16&) ,!8C%# (),92/%!$# (!,)4. 

?$(#4!&1 '()9&)"$#-&1 4)%.21 
)G1&F8!2# ,! $."$)8#4 &!6)()4 , 12 &)8#5 
,(!,018. RMSEP @ ".(.%&3)08!%(!$#-&)F 
')4#20)F '()9&),78!&&/ $."$)8#5 ,(!,018 (2). 
I&!-.&&/ ln :;<=<&; 8 '()G."1 ,6.(19!&&/ 
0)86!" 8.". ,41&F8!2#"/ 8 4.C!5 81% 5.44 %) 9.20, 
$!0#4 -#&)4 81%&)"&! ')5#60! RMSEP 
(),(!5)87@$3"/ /0 81%&)H.&&/ 4!0"#4!23&)9) 
$! 41&14!23&)9) ,&!-.&&/ ln :;<=<&; %) 
RMSEP 4)%.21.  

-./01 ( 23 4&5 6 &'5789
5:;

< ! (2) 

%. "# $! "$#!– 8#51%&1 $! '()9&),)8!&1 
,&!-.&&/ ln :;<=<&;, 81%')81%&); 
N – 012301"$3 $."$)8#5 ,(!,018.  

I&!-.&&/ RMSE cal, RMSE val $! 
RMSEP 8 '()9(!41 8#(!C!@$3"/ 8 8#51%&#5 
)%#&#G/5 Y, $)6$) 8 )%#&#G/5 ln :;<=<&;. 

<(61$(!C&#E 4.$)% 8#,&!-.&&/ 
,!9!23&)9) -#"2! 410()618 8 1 9 '()%70$7 &. 
4!@ 4.$()2)91-&#5 5!(!0$.(#"$#0 [1]. I! 
01&G.8#E (.,723$!$ '1%(!57&07 01230)"$1 
:;<=<&; (:>?/9) '(#E4!F$3 ".(.%&@ 
!(#*4.$#-&. ,&!-.&&/ (.,723$!$18 %8)5 
(),8.%.&3 (1,&)B 4!"#, $!0#4 -#&)4 $)-&1"$3 
!&!21,7 ,!2.C#$3 2#H. 81% 08!21*10!G1B $! 
78!C&)"$1 !&!21$#0!.  

R2/ &!%!&&/ 4.$()2)91-&#5 5!(!0$.-
(#"$#0 &)8)9) 4.$)%7 (),(!5)878!2# $!0)C 
,&!-.&&/ ".(.%&3)B 81%&)"&)B ')5#60# 
'()9&),78!&&/ ln :;<=<&; ,(!,018 $."$)8)B 
8#61(0#. L)(18&F8!2# $)-&1"$3 !'()0"#4!G1B 
$(3)5 0!216(78!23&#5 4)%.2.E $! '(#%!$&1"$3 
B5 %2/ '()9&),78!&&/ ($!62. 3). 
 

7"M#HPO 3. O)-&1"$3 4)%.2F8!&&/ (.9(."1E&#5 4)%.2.E $! '()9&),78!&&/ ln :;<=<&; 
4J"JH-JH&%$ G","I'J,H J" 
I'J,)#)N$&%$ S","(J',H-JH(H 

I'J)QL 
PLS1 PLS2 PLS3 

B->(&'0; .2,.2'&<()= 4-/2:2< 
RMSE cal 0.31 0.31 0.35 
RMSE val 0.34 0.34 0.44 

R2 cal 0.95 0.95 0.94 
R2 val 0.94 0.94 0.90 

B->(&'0; C.-,(-D#%"((5 (-%)= D."D$&% 
RMSEP 0.19 0.12 0.39 

+1%&)"&! ')5#60! RMSEP, % 2.0…3.5 1.3…2.3 4.2…7.2 
?&/(-'(" C-=)E$" %)4&.F%"((5, % 2.1 1.4 4.46 

 
L.(.81(0! &!%1E&)"$1 4)%.2.E %2/ 

'()9&),78!&&/ ,!9!23&)9) 410()6&)9) -#"2! 
6!,7@$3"/ &! 8#,&!-.&&1 "5)C)"$1 &)8)9) 
,(!,0! %) 0!216(78!23&#5 ,(!,018. D! 9(!*10!5 
((#". 1) '()9&),)8!&. ,&!-.&&/ – G. -.(8)&! 
9)(#,)&$!23&! 21&1/ , -.(8)&)F 8.($#0!23&)F 
21&1@F RMSEP, ! "#&1E '(/4)07$&#0 – 
81%5#2.&&/ 0)C&)9) ,(!,0!. +1%5#2.&&/ 
80!,7@ &!"01230# &!%1E&#4# @ '()9&),)8!&1 
(.,723$!$#, )"01230# 8(!5)87@ ,!2#H)0 $! 
0).*1G1@&$ 8'2#87 "')"$.(.C.&&/ 81%&)"&) 
0!216(78!23&#5 %!&#5. +"$!&)82.&), A) PLS1 
$! PLS2 (.9(."1E&1 4)%.21 %)"$!$&3) $)-&) 

'()9&),7F$3 ,!9!23&. 410()6&. -#"2) 
ln :;<=<&; ($!62. 3, (#". 1). +.2#0! 
')5#60! 4)%.2F8!&&/ PLS3 $! '()9&),78!&&/ 
&)8#5 ,(!,018 80!,7@ &! $., A) '!(!4.$(# 
UFi

max 41"$/$3 &.%)"$!$&3) 1&*)(4!G1B '() 
%#&!4107 ,41&# 9!,)8)B *!,# 8 '()G."1 
'"78!&&/ 0)86!". R)%!8!&&/ UFi

max '!(!4.$(18 
%) ,41&&#5 Si '(#,8)%#$3 %) &.,&!-&)9) 
')91(H.&&/ $)-&)"$1 '()9&),78!&&/ 4)%.21 
PLS1, )%&!0 '1% -!" 4)%.2F8!&&/ 
(.0)4.&%7F$3 8#0)(#"$)878!$# &!E4.&H7 
)'$#4!23&7 012301"$3 ,41&&#5 %2/ 7&#0&.&&/ 
&."$!6123&)"$1 '(.%#0$)(18 [11]. 
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=H-. 1. Q.,723$!$# '()9&),78!&&/ ln :;<=<&; $."$)8#5 ,(!,018 0)86!". 

 
V0 8#%&) , 9(!*1018 '()9&),78!&&/ 

((#". 1), &!E4.&H! ')4#20! RMSEP %)(18&F@ 
0.12 %2/ (.9(."1E&)B 4)%.21 PLS2 ,! ,41&# 
ln :;<=<&; 8 4.C!5 81% 5.44 %) 9.20. 
I&!-.&&/ &)8#5 ,(!,018 ,619!F$3"/ , 0!216(7-
8!23&#4 &!6)()4 8 4.C!5 (),(!5)8!&)9) 
81%5#2.&&/. W123H! %#"'.("1/ 0!216(78!23&#5 
%!&#5 %2/ A33, A34 $! A43 $."$)8#5 ,(!,018 
')/"&F@$3"/ 41&2#81"$F 9!,)8)B *!,# ,(!,018 

&! 4.C1 &)(4# ')0!,&#0! :;<=<&; = 
1.0…1.1!103 :>?/9, A) &. "$!&)8#$3 '()62.4# 
%2/ '(!0$#-&)9) 8#0)(#"$!&&/ 4.$)%#0#. 

R2/ (),(!578!&&/ 4.$()2)91-&#5 
5!(!0$.(#"$#0 4.$)%7 8 )%#&#G/5 :>?/9 
')0!,&#0! :;<=<&; 0)86!"&#5 8#()618 
,!"$)")878!2# ')$.&G1F8!&&/ '()9&),)8!&#5 
,&!-.&3 $."$)8)9) &!6)(7 ,(!,018. 
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7"M#HPO 4. ;.$()2)91-&1 5!(!0$.(#"$#0# 4.$)%7 '()9&),78!&&/ ')0!,&#0! :;<=<&; 0)86!" 
1, 8#0)(#"$!&&/4 '!(!4.$(18 Si .2.0$()&&)9) &)"! $! PLS (.9(."1B  

D%"&'%%O !3*T*%3, !6+/N 9$Q%)-%" G)SHM(" 0HI$,U0"%%O, % 
81% 2.3!102 %) 9.9!103 10.0 
%' M$#.V' %$W 1.0!!!!103 11.6 

1.1!103 $! 6123H.  8.4 
 

Q.9(."1E&! 4)%.23, ')67%)8!&! , 
8#0)(#"$!&&/4 '!(!4.$(18 Si .2.0$()&&)9) 
&)"! $! 4.$)%7 '().0G1B &! 2!$.&$&1 "$(70$7(# 
%),8)2/@ ,()6#$# &!%1E&#E '()9&), 
410()61)2)91-&)9) ')0!,&#0! :;<=<&; $! 
)G1&#$# 6.,'.-&1"$3 0)86!" , 81%&)"&)F 
')5#60)F 8#41(F8!&&/ 11,6 % %2/ ,(!,018 , 
012301"$F 410())(9!&1,418 8 4.C!5 &)(4# 
"$!&%!($7 [12], A) @ %)"$!$&3)F $)-&1"$F %2/ 
"0(#&1&97 )6’@0$18. +'()8!%C.&&/ %!&)B 
4.$)%#0# %),8)2#$3 "7$$@8) ,4.&H#$# 
$(#8!21"$3 !&!21,7 $! ,&#,#$# ")618!($1"$3, 
7&#0&7$# "76’@0$#8&)"$1 )G1&0# (.,723$!$18. 
 

9H-%)0(H 
 

I!'()')&)8!&) "')"16 .0"'(."-
8#,&!-.&&/ 01230)"$1 4.,)*123&#5 !.()6&#5 
$! *!0723$!$#8&)-!&!.()6&#5 410())(9!&1,418 
(')0!,&#0! :;<=<&;, :>?/9) 0)86!"&#5 
8#()618 1, 8#0)(#"$!&&/4 '!(!4.$(18 '2)A '1% 
0(#8#4# 81%97018 4!"--7$2#8)9) ".&")(&)9) 
4!"#87 $! 4.$)%7 '().0G1B &! 2!$.&$&1 
"$(70$7(#, )$(#4!&) &!%1E&7 '()9&)"$#-&7 
4)%.23 , 81%&)"&)F ')4#20)F 4.&H. 12%. 

+#0)(#"$!&&/ 5141-&#5 ".&")(&#5 
"#"$.4 8 ')@%&!&&1 , 4!H#&&#4 &!8-!&&/4 
%),8)2/@ "7$$@8) ,4.&H#$# $(#8!21"$3 $! 
,&#,#$# ")618!($1"$3 !&!21,7, 7&#0&7$# 
"76’@0$#8&)"$1 )G1&0# (.,723$!$18. 
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MASS-SENSITIVE SENSOR ARRAY AND PARTIAL LEAST SQUARES 
REGRESSION FOR RAPID DETERMINATION OF TOTAL 

MICROORGANISM NUMBER IN SAUSAGES 
 

Kalinichenko A.A., Arseniyeva L.U. 
 

National University of Food Technologies, 68 Volodymyrska str., 01601 Kyiv, Ukraine 
e-mail: asya.kalini4enko@gmail.com 

 
The paper is reported about the development of novel rapid analytical technique with the use of 

quartz crystal microbalance (QCM) sensor-array combined with partial least squares regression for rapid 
determination of total microorganism number in sausages. The mass-sensitive sensors were used to 
analysed the changes in metabolites composition produced by microorganisms during spoilage of boiled 
sausages. Electronic nose data were collected from the headspace of sausages in parallel with data from 
standard microbiological analysis the quantity of mesophilic aerobic and facultative anaerobic 
microorganisms (microbial counting method). The informativeness of different features extracted from 
steady-state responses of the multisensor system was investigated. The area values and maximum 
response values were extracted as features from the electronic nose responses for evaluation and 
comparison the models fitting and performance of QMAFAnM prediction. The method of partial least 
squares regression and area values as features allowed to obtain a good performance of QMAFAnM 
prediction with a relative error less than 12%. For PLS regression model development, correlations 
above 0.95 and 0.99 were obtained between observed and predicted microbial counts for the training 
and test data sets, respectively. The new method of microbial counts prediction with the use of the 
electronic nose in combination with PLS regression will allow to significantly reduce the measurement 
time and the cost of analysis, and avoid subjective estimation of the results. The obtained 
recommendations of sensor-array data analysis to solve the analytical problem of effective safety control 
of food with the use of chemical sensing system. 

Keywords: mass-sensitive sensors; quantity of microorganisms (QMAFAnM); sausage spoilage; 
prediction; partial least squares regression. 
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