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APPENDIX I
DUNCAN MULTIPLE RESPONSE TEST
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The GLM Procedure
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Rep 2 ‘\\\“"

r
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Number of Observations :
The SAS m \ 22:3@'4d.nesday, July
24, 2013 49 ¢

Dependent vVariable: C40 \ \
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Source DF% sgpares Me@Square F Value Pr
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u %Q
Model N 79. $3.52583900 6632.29
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Error .00 9!39} 0.00354717
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¢ |
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ep c’ 0.00851267 0.00851267 2.40

R
15
Sne® Treatm 2 70.56900433 35.28450217 9947.24
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e DF Type III SS Mean Square F Value 2r
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Rep ak 0.00851267 0.00851267 2.40
S 2 70.56900433 35.28450217  9947.24
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The SAS System 22:31 Wednesday, July

24, 2013 50
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> F ‘r
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<.0001 \ Q,%
Systeé 22:31 Wednesday, July
24, 2013 51 %
z ij Lo
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The GLM Proce e
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Dependent vVariable: C180
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0.0011

Error

Corrected Total

Source
> F

Rep
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The SAS System
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The GLM Procedure
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Treatment 2 0.09712300 0.04856150 29.80
0.0325
Source DF Type III SS Mean Square F Value Pr
> F
Rep 1 0.00487350 0.00487350
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The SAS System 22¢ dnesday, July
24, 2013 59
The GLM Procedure V
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— 3 0.90985800 3038600 5358.:59
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: Y' The SAS System 22:31 Wednesday, July
24, 2013 60 ;s C}’
\ \ The GLM Procedure
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Sum of
rce DF Squares Mean Square F Value Pr
> F
Model 3 0.00320400 0.00106800 400.50
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R-Square Coeff Var Root MSE C220 Mean
0.998338 95997917 0.001633 0.016333
Source DF Type I SS Mean Square gue Pr
> F
Rep 1 0.00000267 0.00000267 1.00
6
ReASS Treatment 2 0.00320133 0.00160067 600.25
0.0017 T
—— DF Type III SS Meanw F Value  Pr
> F
Rep 1 0.00000267 0900247 1.00
s et 2 0.00320133 .00 sw 600.25
0.0017 ] Yv
The SAS Sys 22 llwsﬁn\y’sday, July
24, 2013 61 : T
The GLM ﬂ‘i:-iure\\\\\\ Y,
Dependent Variable: €230 V 0‘ e
m of <§
Source DF Sgliares an @re F Value Pr
> F \ AL
Model 3 %.omA Ber16111 7.74
0.1166 ] % é‘?
Error OM :44,0.00015000
Corrected Total 0.00gy7 333e\
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oo \ ¢ D ’l ép\a I ss Mean Square F Value Pr
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0.0826 . s \C}’
Sour \ DF Type III SS Mean Square F Value Pr
> F
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0.0826
The SAS System 22:31 Wednesday, July
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Dependent vVariable: TotSAF

The GLM Procedure
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Sum of
Source DF Squares Mean Square F Value Pr
> F
Model 3 1409.274720 469.758240 342848

<.0001
Error 2 0.002740 0.001370 \
Corrected Total 5 1409.277461 %
M
e

R-Square Coeff var Root MSE Tot ean
0.999998 0.044987 0.037016 8 8117
Source DF Type I SS Mea X F Value Pr
> F O‘
Rep 1 0.024704 0.024w 18.03
A — 2 1409.250016 4.4p500 #51%p62

<.0001 ’-{;s
Source DF Medh re \’WValue Pr
> F \

Rep 1 : .0247& 18.03
0.0512

Treatment 2 -2 4. @18 514262
<.0001

/Q~ 22:31 Wednesday, July
24, 2013 63
‘-~!'Th

NOTE: This test controls the compa r rate, not the experimentwise

Sikdg—.
QB
ik

Means with the §\~ letter are not significantly different.

\ Duncan Grouping Mean N Treatment
o A 8.36150 2 BT

B 1.84350 2 LD
(e 0.51300 2 CF
The SAS System 22:31 Wednesday, July

24, 2013 64

The GLM Procedure

Duncan's Multiple Range Test for C60
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05

Error Degrees of Freedom 2

Error Mean Square 1.667E-7
Number of Means 2 3
Critical Range .001757 .001678

Means with the same letter are not significantly T&nt.
Duncan Grouping Mean N Treatment

A 0.0695000 2 CF

B 0.0000000 2 BT '

B

B 0.0000000

E
~

The SAS Syste 22:3 w’;dﬁy, July
24, 2013 65
The GLM Prov \: \;
Duncan's Multiple% esige fo 100 %l
NOTE: This test controls the Type I compari or%error t %) not ‘{e experimentwise
error rate. \ O

Alpha T ('\%5
Error De ¥ ofgyFreedo 2
Error. quare 4o0. 95
Numbe ean
Cyktic Range ? .')41 .03996
Means wit\he aml & are @;significantly different.
Duncan Q g eanO:" N Treatment

Q, ‘?aﬂé&) cr
A((, ’ v/t \§D e
N

N

\03 The SAS System 22:31 Wednesday, July
24, 2013 6

The GLM Procedure
Duncan's Multiple Range Test for C120
NOTE: Th est controls the Type I comparisonwise error rate, not the experimentwise

error rate.

Alpha 0205
Error Degrees of Freedom 2
Error Mean Square 0.002036
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Number of Means 2 3
Critical Range .1942 .1855

Means with the same letter are not significantly differen‘
Duncan Grouping Mean N

Treatment C\

A 0.45500 2 CF

017650 2 BT

0.13000 2 LD z
The SAS System Nl Wednesday, July

The GLM Procedure '

W w o

24, 2013 67

Duncan's Multiple Range Tes or Clg0

]
NOTE: This test controls the Type I comparisonwise err ate, n th erpefoﬁlzwise
error rate. -\

Alpha ‘\‘Qg\
Error Degrees o, F$n 2 z
Error Mean Sq% 5

Number of Mean 2

Critical Rtge \QT
Means with the sa%er a@e no !:1 g‘nié?antly different.

Duncan Grouping \ a N ;%reatment
z by

l 22:31 Wednesday, July
24, 2013 68 (—) ‘P .9
% h&-éLM Procedure
% ’ c&m's tiple Range Test for C150

NOTE: This t trols the Type I\%li)arisonwise error rate, not the experimentwise

error rate. \

e Alpha 0.05
o Error Degrees of Freedom 3

Error Mean Square 0.000388

Number of Means 2 3
Critical Range .08470 .08092

Means with the same letter are not significantly different.

Duncan Grouping Mean N Treatment
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A 0.86150 2 BT
B 0.18700 2 CF
C 0.09400 2 LD
The SAS System 22:31 We ay, July
24, 2013 69 K

The GLM Procedure :%

Duncan's Multiple Range Test for C160

NOTE: This test controls the Type I comparisonwise error rate, not tR experimentwise

error rate. V

Alpha 04
Error Degrees of Freedom
Error Mean Square 0.1R4 '

Number of Means 3
Critical Range 1.51 1.450 ’ (.,
Means with the same letter are Tgn% dif&t.
Duncan Grouping MeatV\!

A 71-\
> BLs

U]
\ The Sytem :Q/ 22:31 Wednesday, July
24, 2013 70 >N
R T
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&
S Afp?.-' S
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e
e quare 0.005344

Number i{ﬁceans 2 3
Critig{g ange .3145 .3005

e\ Means with the same letter are not significantly different.

>

o

error rate.

NOTE: This test controlsﬁe

Duncan Grouping Mean N Treatment
A 0.58600 2 LD
A
B A 0.43250 2 CF
B
B 0.16450 2 BT
The SAS System 22:31 Wednesday, July

24, 2013 71
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The GLM Procedure
Duncan's Multiple Range Test for C180

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise

error rate.
Alpha 0.05 \z

Error Degrees of Freedom

2
Error Mean Square 0.011827 : : ,

Number of Means 2 3
Critical Range .4679 L4471
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N
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The GLM Procedure

Duncan's Multiple Range Test for C210

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise

error rate.
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Error Degrees of Freedom 2

Error Mean Square 0.000053
Number of Means 2 3
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24, 2013 75 : 4 ), %

\(,)VThe GLM Procedure

NOTE:
ate.

error
Alpha 0.05
Error Degrees of Freedom 2
Error Mean Square 0.00015
Number of Means ) 3

Critical Range .05270 .05035

102

July

imentwise

July

\ Duncan's Multiple Range Test for C230
™ st controls the Type I comparisonwise error rate, not the experimentwise
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Means with the same letter are not significantly different.

Duncan Grouping Mean N Treatment
0.05000 2 BT T
0.00000 2 CF \
0.00000 2 LD %
The SAS System 22 Ad.nesday, July

24, 2013 76
The GLM Procedure N

Duncan's Multiple Range Test for
NOTE: This test controls the Type I comparisonwise error r t tlie experimentwise

error rate.
Alpha 0.0
Error Degrees of Freed ’ (;N
Error Mean Square .0013 -\

Number of Means
Critical Range

Means with the same let\;
Duncan Grouping %n
A ‘.‘EEEIyls
B ‘~\Qe.98 0 2

S

‘: ¢ J’l (f)
"~ N
’ : &e SAS System 22:31 Wednesday, July
24, 2013 77 : ‘z'

V

\"‘j The GLM Procedure

\ Class Level Information
0 Class Levels Values

Treatment 3 BT CF LD
Rep 2 152
Number of Observations Read 6
Number of Observations Used 6
The SAS System 22:31 Wednesday, July

24, 2013 78



Dependent Variable: Cl41

Source
> F
Model
0.0091
Error
Corrected Total
R-Square
0.993914
Source
> F
Rep
0.9145
Treatment
0.0061
Source
> F
Rep
0.9145
Treatment
0.0061
24, 2013 79

Dependent Variable:

Source
N N
Model :
0.0017 :
Error,
Corre\?’rotal
0 R-Square
0.998900
Source
> F
Rep
0.4226
Treatment

0.0011

The GLM Procedure

104

Sum of i
DF Squares Mean Square c e Pr
3 0.23667867 0.0788928*108.87
2 0.00144933 0.00072462
5 0.23812800 V
Coeff Vvar Root M :C14 Mean
10.08226 0.0 0 w
¢
Pr
Pr
~ 90001067 0.01
.11833400 163.29
22:31 Wednesday, July
@Q ibedure
) { Cé}éum of
’ ( Squares Mean Square F Value Pr
: <) e 0.18910717 0.06303572 605.14
\S? 0.00020833 0.00010417
5 0.18931550
Coeff var Root MSE C1l51 Mean
8.132436 0.010206 0.125500
DF Type I SS Mean Square F Value o
i 0.00010417 0.00010417 1.00
2 0.18900300 0.09450150 907.21



Source DF Type III SS
> F

Rep 1 0.00010417
0.4226

Treatment 2 0.18900300
n.n01l

The SAS System
24, 2013 80

The GLM Procedure

Dependent Variable: C171

Sum of
Source DF Squares
> F
Model 3 0.03747900
0.1021

Error 2 o.00279@
Corrected Total 5 0.0407000

R-Square Coeff V. N Roﬁ MS
&Y

0.930693 18&
Source DF Type I\T
> F E n

Rep
0.7320

Treatment .
0.0697 | 0
e

Source D \
> F \ ' %
Rep & 0 {Udzlsoo
0.7320 \ | (J
Treatment 4 z %03726300
0.0697 ,

N

(% ’ ’ The SAS System

24, 2013 81 T
A $’ The GLM Procedure

Dependent Va x Cl61l
Sum of
c DF Squares
> F

Model 3 0.64256050
0.0226

Error 2 0.00988033

Corrected Total 5 0.65244083

R-Square Coeff Var Root MSE

105

Mean Square F Value Pr

0.00010417 1.00

0.09450150 \9 21

22 ::hnesday, July

eaESquare F Value Pr

Q& §quare F Value Pr

.00021600 (o J05n B
0.01863150 1335
Mean Square F Value Pr
0.00021600 0s315
0.01863150 13,35

22:31 Wednesday, July

Mean Square F Value Pr
0.21418683 43.36
0.00494017

Cl61 Mean
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0.984856 9.873985 0.070286 0.711833

Source DF Type I SS Mean Square F Value Pr

> F

Rep 1 0.00030817 0.00030817 \ .06
0.8261

Treatment 2 0.64225233 0.3211263 65.00

0.0152

Source DF Type III SS Mean S e F Value Pr

: 2.

Rep 1 0.00030817 817 0.06
0.8261

Treatment 2 0.64225233 : 112'17 65.00

0.0152
The SAS System S’dye esday, July

24, 2013 82 \
| 5
Dependent Variable: Cl81lcis \)Y.

S@%e F Value Pr

Source
o Q

Model .gs 77350 131.29
0.0076

Error 341217

Corrected Total

R-S e i Coefff Vvar Cl8lcis Mean

1.374833
Source &
’ (?
Rep 1’ (} .02522017 0.02522017 05175
0.4766 \
Treatment, f 2 ¢ 13.13510033 6.56755017 196.56
0.0051 :

Sour\ \%‘! Type III SS Mean Square F Value Pr

> F
1 0:02522017 0.,02522017 0,975
0.4766

T ment 2 13.13510033 6:56755017 196.56

Mean Square F Value Pr

0.0051

The SAS System 22:31 Wednesday, July
24, 2013 83

The GLM Procedure
Dependent Variable: C201

Sum of
Source DF Squares Mean Square F Value Pr
> F



Model 3
0.0333
Error 2
Corrected Total 5
R-Square
0.977705
Source DF
> F
Rep 1
0.6235
Treatment 2
0.0224
Source DF
> F
Rep 1
0.6235
Treatment 2
0.0224
24, 2013 84

Dependent Variable: C241

1.61474650 0.53824883 29.23
0.03682233 0.01841117
1.65156883
Coeff var Root MSE
8.758758 0.135688 .

Type I SS Mean %g F Value
0.00608017 0. 08017 0.33
1.60866633 3 33337 43.69

\d. -

Type III SS Mean @gquar I ‘@alue
0.006 Q 17 \} 0.33
1.4Q866693 W 0433% 43.69
\h System 022:31 Wednesday,

5
S
A‘o

of \
Source rese Mean Square F Value
a 'S
Model 3. F 3&&@) 0.01054400 988.50
0.0010 \ l \ Q
Error & 2 0.@133 0.00001067
Corrected Tota ¢ ’l @§O‘!165333
%-S?J e C@’Var Root MSE C241 Mean
:% 0.999%6 ’ \3.-362311 0.003266 0.051333
Sou \ DF Type I SS Mean Square F Value
> F
1 0.00001067 0.00001067 1.00
0.4226
tment 2 0.03162133 0.01581067 1482.25
0.0007
Source DF Type III SS Mean Square F Value
> F
Rep ik 0.00001067 0.00001067 1300
0.4226
Treatment 2 0.03162133 0.01581067 1482.25

0.0007

107

Pr

July

Pr

Pr

Pr
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The SAS System 22:31 Wednesday, July
24, 2013 85

The GLM Procedure

Dependent Variable: C221n9 \2 I

Sum of
Source DF Squares Mean Square s alue Pr
> F

Model 3 0.22039650 0.07346 999.53
0.0010
Error 2 0.00014700 0. Mo

Corrected Total 5 0.22054350

R-Square Coeff var Root 2Wn
o

0.999333 6.327095 @/3 0. 35’500(,}

Source

Type re \31: Value Pr

B Rep 1 O%NY?“\ .ooo7ﬂé>v 1.00

0.4226 ((
2300 .11@150 1498.80

Treatment 2 \
0.0007 \T
Source DF E%pe&!; SS' N%i Square F Value Pr

u
Rep 50 0.00007350 1.00
0.4226 YZ- é\

Treatment 0.2 3i36 0.11016150 1498.80
0.0007 : r
\ e SA{ SPstem 22:31 Wednesday, July
24, 2013 86 &\ ' %
he é"ﬁrocedure

\ 2 i
Dependent Variable: TMU% ?’ (‘;)
k \ Sum of
Source % f ’DF Squares Mean Square F Value Pr

Model\ @ 6.25207450 2.08402483 12.96

0.0725
% 2 0.32150633 0.16075317

> F

E
co ted Total 5 6.57358083
R-Square Coeff var Root MSE TMUFA Mean
0.951091 9.066604 0.400940 4.422167
Source DF Type I SS Mean Square F Value Pr
> F
Rep 1 0.07238017 0.07238017 0.45

0.5713
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Treatment 2 6.17969433 3.08984717 19.22
0.0495

Source DF Type III SS Mean Square F Value Pr
> F “i:.'

Rep 1 0.07238017 0.07238017 \ .45
0.5713

Treatment 2 6.17969433 3.0898471 19.22
0.0495

The SAS System Wednesday, July
24, 2013 87
The GLM Procedure V

NOTE: This test controls the Type I comparisonwise er i n the erimentwise
error rate.
o o
Alpha ofos l 3‘0
Error Degrees of om 2
Error Mean Square o.fo 2 \3.
Number of Mean %
Critical Rang‘ 4 to(
Means with the same bar \KTg

Duncan Grouping % cafl) Qc;aatment
a ‘\\~. .4?2§E:Esai’2‘:§ﬁ%
4250

\ l \The S ystem 22:31 Wednesday, July
24, 2013 88 & <</
\ a)@ Procedure

NOTE: This test tks t I”co)
error rate. % ? ’ T
A >
\ Al}n

0.05

Error Degrees of Freedom 2

Error Mean Square 0.000104
Number of Means 2 3
Critical Range .04391 .04196

Means with the same letter are not significantly different.

Duncan Grouping Mean N Treatment
A 0.37650 2 BT

B 0.00000 -] CF
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o w

0.00000 2 LD

The SAS System 22:31 Wednesday, July
24, 2013 89

The GLM Procedure T
Duncan's Multiple Range Test for C171 \

NOTE: This test controls the Type I comparisonwise error rate, not t hrimentwise

error rate.
Alpha 0.05 i
Error Degrees of Freedom
Error Mean Square 0.00139

Number of Means
Critical Range

Means with the same letter areé
Duncan Grouping Mea. N

‘ﬁ‘e SAS \
24, 2013 90 % 0%
Th

D XMu le nge$st for Ci161
NOTE: This test controls the%z compa ;sjde %or rate, not the experimentwise

W ww
kg
o
N
o

error rate.

Er n
O )T
u rpof s 2 3
( r Cr"ical ge .3024 .2889
eans with the {ny letter are not significantly different.

%\ Duncan Grouping Mean N Treatment
: A 1.15600 2 CF

B 0.60200 2 LD
B
B 0.37750 2 BT
The SAS System 22:31 Wednesday, July

24, 2013 91

The GLM Procedure

Duncan's Multiple Range Test for Cl8lcis
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05
Error Degrees of Freedom 2
Error Mean Square 0.033412 T
Number of Means 2 3 %
Critical Range .7865 .751
Means with the same letter are not significan fferent.

Duncan Grouping Mean Tr X

A 3.4620 2 l
B 0.4600
o .
B 0.2025 X
The S em (‘)
24, 2013 92 2

ednesday, July
Duncan's Mult{Nng qes or 22{

NOTE: This test controls the Type I comp&
error rate.

2z

/.
e
4y,

Dun%}up ng'? ’l ()%(Z N Treatment

CF

N
N
w
o
N

LD

[
w»
o
o
w
N

B
}; \CQV 0.9640

\ The SAS System 22:31 Wednesday, July
3 20130

N

BT

The GLM Procedure
Duncan's Multiple Range Test for C241
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise

error rate.

Alpha 0.05
Error Degrees of Freedom 2
Error Mean Square 0.000011
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A 5.6000 2 BT
A
B A 4.5435 2 CF
B
B 3.1230 2 LD

The SAS System 22 %nesday, July
24, 2013 96
The GLM Procedure
Class Level Information Vz
Class Levels Val
Treatment 3 FtD '
Rep 2 \d
‘ :
Number of Observations R ' C}
Number of Observation d 6 "\
The S em \ ZZ:N;ednesday, July
24, 2013 97 !Y'
The eNu‘oce ul «
Dependent Variable: Cl82trans \
Sum\T é‘
Source DF 8 re I@x Square F Value Pr
o 8
Model \ 0, 00 .\ 0.00291100 33.02
0.0295 E\
Error 2 0.0 o1|76o® 0.00008817
Corrected Total \ \: .008@3’3
RaSqu Varcéo Root MSE Cl82trans Mean
’ i G
08 #07(4} 0.009390 0.113667
o N
Source f ’DF Type I SS Mean Square F Value Pr
> F NE
Rep @ 0.00035267 0.00035267 4.00
0.1835 \
Treat e 2 0.00838033 0.00419017 47.53
0.0206
Qﬂ DF Type III SS Mean Square F Value Pr
> F
Rep 1 0.00035267 0.00035267 4.00
0.1835
Treatment 2 0.00838033 0.00419017 47753
0.0206
The SAS System 22:31 Wednesday, July
24, 2013 98



DF Type III SS *n Square
1 0.00952%{

ney 0.070

0652
Y tJn

F Value
0.00952017 3.90
0.03500417 14.33

22:31 Wednesda

Dependent variable: C183n
source \Ea%an Square F Value
B E\
Model 0.69452400 433,91
0.0023
Error 0.00160067

Corrected Tota

' \ é‘f Type I SS
N

L 1 0.00004267

2.08352933

Source Type III SS

&
Rep 1
0.8853
Treatment 2

24, 2013 101

0.00004267

2.08352933

D

The GLM procedure

pependent variable: €222
Sum of
Source DF Squares
> F
Model 3 0.02764400
0.0038

-~ 0 00006933

%r Root MSE

0.040008

The SAS System

c183n3 Mean

0.628667

Mean Square F Valu

0.00004267 0.C(

1.04176467 650. ¢

Mean Square F Vval
0.00004267 05
1.04176467 650.

22:31 Wednes

Mean Square F Vval

0.00921467 265

0.00003467



115

. Source DF Type III SS Mean Square F Value Pr
>
Rep 1 0.00952017 0.00952017 390
0.1870
Treatment 2 0.07000833 0.03500417 14.33
0.0652 T
The SAS System 221 N sday, July
24, 2013 100
The GLM Procedure A
Dependent Variable: C183n3 Y
Sum of
Source DF Squares Mean S re F Value Pr
> F
Model 3 2.08357200 452‘00 433.90
0.0023 V
Error 2 0.0032013 0.09160 | Y.
Corrected Total 5 2.0867 '_i')
R-Square Coeff Var i RO c183 ean
0.998466 6.363%V 0. %—328667
Source DF \/p n;quare F Value Pr
a e, <
Rep q.oooo‘;zm 0.03
0.8853
Treatment 1.04176467 650.83
0.0015 Y ;\
Source DF ’ IQ Mean Square F Value Pr
> F \ \ EQ
Rep & |, 0.00004267 0.03
0.8853
Treatment - | 1.04176467 650.83
0.0015 ¥ 5 (}L)
% \ The SAS System 22:31 Wednesday, July
24, 2013 101 % ¥ f 4"
A G}’: The GLM Procedure
Dependent Vv Ne: c222
Sum of
uree DF Squares Mean Square F Value Pr
S
Model 3 0.02764400 0.00921467 265.81
0.0038
Error 2 0.00006933 0.00003467
Corrected Total 5 0.02771333
R-Square Coeff Var Root MSE C222 Mean
0.997498 7.679792 0.005888 0.076667
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Source DF Type I SS Mean Square F Value Pr

Rep 1 0.00001067 0.00001067 1
0.6349

Treatment 2 0.02763333 0.01381667 .56
0.0025 :%

Source DF Type III SS Mean Square F
> F

Rep 1 0.00001067 0. 19487
0.6349

Treatment 2 0.02763333 03 667
0.0025

The SAS Sys J2:3 Wednesday, July
24, 2013 102
ar

The GLM Proc e ' (,}
g

4 \"{'
Sumfof \ Y-

Source DF % s n Squés F Value Pr

> F <‘

Model 0.0 911 Infty
Error 2 %.oo%? @ooooooo
0 =
Corrected Total \ 033397 Q7
N
R-Square eff far R%MSE C203n6 Mean

'S
0 0 0.181667

Source \ lF T)@K SS Mean Square F Value Pr
> F \\

Rep \ o '.' Gg(woooooo 0.00000000 .

Treatment (-y.13397733 0.06698867 Infty
<.0001 % 3

Source % DK; Type III SS Mean Square F Value Pr
i Q

Rep \ 1 0.00000000 0.00000000 .

Y 2 0513397733 0.06698867 Infty

<.0001
The SAS System 22:31 Wednesday, July
24, 2013

The GLM Procedure

Value Pr
0:31
398.56

Dependent Variable: C203né

—X

<.0001

Ao\

Dependent Variable: C226

Sum of
Source DF Squares Mean Square F Value Pr
> F
Model 3 0.09524850 0.03174950 20.39

0.0471



0.6267

0.0318

0.6267

0.0318

24, 2013 104

L at-tgh
% YST 31 Wednesday, July
Procedu O
Dependent Variable: C204né :\? &k
€ su

> F

0.0147

0.5882

> F

0.5882

0.0098

117

Error 2 0.00311433 0.00155717
Corrected Total 5 0.09836283
R-Square Coeff Var Root MSE C226 Mead

0.968338 22.39978 0.039461 Ot&
Source DF Type I SS Mean SquA F Vvalue Pr

Rep 1 0.00050417 0.%%7 0.32
4 217

Treatment 2 0.09474433 30.42

Source DF Type III S ean W F Value Pr
. g

Rep 1 0.0005041 0.40050 11 C} 0.32

Treatment 2 0.094744 257 217Y' 30.42

Source eg &ean Square F Value Pr
Model 27 0.09537572 67.16

l
Error 26033 0.00142017

Corrected Total &\

Root MSE C204n6 Mean

0.037685 0.251500

Source :% z Type I SS Mean Square F Value Pr

Rep 1 0.00058017 0.00058017 0.41
e nt 2 0.28554700 0.14277350 100.53
.0098

Source DF Type III SS Mean Square F Value Pr
Rep 1 0.00058017 0.00058017 0.41
Treatment 2 0.28554700 0.14277350 100.53

The SAS System 22:31 Wednesday, July

24, 2013 105



Dependent Variable: C202

Source
> F
Model
<.0001
Error
Corrected Total
R-Square
0.999993
Source
> F
Rep
0.0114
Treatment
<.0001
Source
> F
Rep
0.0114
Treatment
<.0001

24, 2013 106

. 6’

Model
<.0001 :
Erro
C Total
0 R-Square
0.999966
Source
> F
Rep
0.9083
Treatment

<.0001

N
'\15’-" Szt
&

.

The GLM Procedure

Sum of
DF Squares Mean Square \ alue
3 2.39770850 0.799236 397865.7
2 0.00001633 0.000W
5 2.39772483 V

Coeff Var

Root z clzoz Mean
8 Wan
L

DF Type %
L 4

0.492855

86.22

146755

Mean Square F Value
3‘z~ 1571.523707 523.841236 1972550
\ 0.053114 0.026557
5 1571.576821

Coeff Var Root MSE TPUFA Mean
1.228864 0.162964 13526133

DF Type I SS Mean Square F Value

1 0.000451 0.000451 0.02

2 1571.523256 785.761628 29587.6

118

Pr

Pr

22:31 Wednesday, July

Pr

Pr
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Source DF Type III SS Mean Square F Value Pr
> F
Rep 1 0.000451 0.000451 0.02
0.9083
Treatment 2 1571.523256 785.761628 2 76
<.0001 \
The SAS System 2281 W esday, July

24, 2013 107

The GLM Procedure

Duncan's Multiple Range Test for C o3 5

s
NOTE: This test controls the Type I comparisonwise error rat? the experimentwise

error rate. '
Alpha 0.§5
Error Degrees of Freedom 2 L ] Y-
Error Mean Square 0.0000B8
Number of Means 3 z
Critical Range W 3860 V\.’
Means with the same 1ette%& i i E

Duncan Grouping Mean \
A () 0 n 2
\ 040

‘;z:.ﬁ.07
he
24, 2013 108 \0' '3

’ 't‘:,;r
NOTE: This test contro e e I mparjsoriwise error rate, not the experimentwise
error rate. % E\

Alpha Q 0.05
Erro grees of Freedom 2
\ Err& ean Square 0.003037
Number of Means 2 3
0 Critical Range <2371 .2266

Means with the same letter are not significantly different.

0w o

22:31 Wednesday, July

Duncan Grouping Mean N Treatment
A 31.90900 2 LD
B 0.57650 2 BT

G 0.13700 2 CF
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The SAS System 22:31 Wednesday, July
24, 2013 109
The GLM Procedure

Duncan's Multiple Range Test for C183né6

NOTE: This test controls the Type I comparisonwise error rate, not the e

Alpha 0.05 Aj

Error Degrees of Freedom 2

Error Mean Square 0. 00244T

Number of Means 2
Critical Range 2126 2

error rate.

Means with the same letter are not sidmi anty different.
Duncan Grouping Mean N Trdatm . \Y'
A 0.51950 é ' ‘i')
: 0.4170T 2 < \)Y'
0.2 0‘ T g
e 0«22:31 Wednesday, July
%GLM Pro ?e &k
Duncan' 'pleﬂRan est@ C183n3
NOTE: This test controls the Type I aris eerA%’ate, not the experimentwise
error rate. T N
N

W w

24, 2013 110

mper eac) 2 3
iti Ianfe 1929 .1645

@wiﬁ f o gter are not significantly different.

\Ancan Grouping ‘\G’ Mean N Treatment
A 1.46200 2 LD
B 0.21900 2 BT
B
B 0.20500 2 CF
The SAS System 22:31 Wednesday, July

24, 2013 111
The GLM Procedure

Duncan's Multiple Range Test for C222

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwige

error rate.
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Alpha 0.05
Error Degrees of Freedom 2
Error Mean Square 0.000035

Number of Means 2 3
Critical Range .02533 .02420 \T
Means with the same letter are not significantly 3%m:

Duncan Grouping Mean N Treatmen
A 0.165000 2 CF V
B 0.065000 2 LD

c 0.000000 2 B! z '
Wednesday, July

i
k¥
Xnotég\.e’xperimentwi se

The SAS Syst
24, 2013 112

The GLM Proce

Duncan's Multiple Range t foif

NOTE: This test controls the Type I comparisonwise ®rro

r
error rate. V 0‘
Alpha \j
Error Degrees w
Error M are & 0
N
( )
u
N of Mewmgs 2 % 3
CrTWgc Ra Q 0
N
Means with €h Ze letter ;e L ignificantly different.
Duncan Gr: N ' \Mean e(JN Treatment
K .366(}“’ 2 Wilsop

:% : Y'The SAS System 22:31 Wednesday, July

The GLM Procedure

% Duncan's Multiple Range Test for C226

NOTE: is t controls the Type I comparisonwise error rate, not the experimentwise
error rat

Alpha 0.05

Error Degrees of Freedom 2

Error Mean Square 0.001557
Number of Means 2 3

Critical Range .1698 .1622
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Means with the same letter are not significantly different.

Duncan Grouping Mean N Treatment
A 0.28450 2 CF
A
A 0.24400 2 LD c
B 0.00000 2 BT s

The GLM Procedure

Duncan's Multiple Range Test EOWMW
NOTE: This test controls the Type I comparisonwise error 5 n t'the experimentwise
error rate.
@ Y.

Alpha ofos ' .S

The SAS System :31 Wednesday, July
24, 2013 114

Error Degrees of E m 2

Error Mean Square 0 g00%42 Y'
Number of Means : {
Critical Rang .162 .124‘

Means with the same Etter x i
Duncan Grouping %ea @tment
A \ 53200 2 W\
B 0.2p250 LD
l
\ ' \S‘he S ystem 22:31 Wednesday, July
24, 2013 115 {Q
\ § 1heccﬁy Procedure
) uncegn Mu\%}'ple Range Test for C202
NOTE: This test th‘ } corr@isonwise error rate, not the experimentwise
error rate. : \3

\ Alpha 0.05
Error Degrees of Freedom 2
Error Mean Square 8.167E-6
0 Number of Means 2 3
Critical Range .01230 .01175s

Means with the same letter are not significantly different,

Duncan Grouping Mean N Treatment

A 1.472000 2 LD
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B 0.181500 2 CF
c 0.086000 2 BT
The SAS System 22:31 Wednesday, July

24, 2013 116

The GLM Procedure
Duncan's Multiple Range Test for TPUFA \z

NOTE: This test controls the Type I comparisonwise error rate, not th imentwise

error rate.

Error Mean Square 0.026

Number of Means 2 z 3
Critical Range .701 6 '
S e
Means with the same letter are n@:jlca }%r&,‘&
N

. -
Tre n \’Y'

Duncan Grouping Mean
A 36.1375 z \ Y'
B 2.44 V 2 °‘CF E

: c;“_;, ©
Se
Y'vjlo

Alpha 0.05
Error Degrees of Freedom w
55

-9
>
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APPENDIX I1 \z

FTIR SPECTRA OF PURE BEEF TALLOW (BT), CHICKHN EQT (CF) AND
LARD (LD)

Fig. 16 FTIR spectraof pue beeftallore (B1),cicke ot (CF), andard (LD)

GROUP 1
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o |
Y.
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60
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]
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APPENDIX III
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complex mixtures containing
mpounds. They are principally
ty acids (FFAs), diacylglycerols
lygerols (TAGs), phospholipids, and
other minor components. (Janssen et al., 2003). ). Since
a long time, the trade of fats and oils has been facing a
serious adulteration problem, which is usually motivated
in a bid for maximizing profit by replacing an expensive
ingredient with cheaper ones (Cserhati, et al., 2005); and

1. Introduction
Edible fats a

#Corresponding author: alina@usim.edu.my

versatile in providing the functional properties of the
product. Lard in its original or its industrially modified
fats might be mixed with other animals or vegetable oils
to produce shortenings, margarines and other food oils
and its detection as an adulterant in food systems is a
major concern for many countries due to religious
prohibitions and health reasons (Marikkar et al., 2005).
Therefore, the detection of lard in foods is a major
concern for many countries due to religious prohibitions
and health reasons. The presence of lard in food is a
serious issue for some religions like Islam and Judaism
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where consuming any foods containing porcine and its
derivatives is forbidden even at trace level Regenstein et
al. (2003). However, detection of lard when it exists as a
minor component in other oils and fats, is difficult.
Hence, there is a great need for robust and trustworthy
techniques for lard differentiation and detection for the
practice of Halal authentication analysis by the relevant
Halal authorities. The use of gas chromatography
coupled with chemometrics may provide a solution to
this low concentration detection problem.

Haswell (1992) has defined chemometrics as the
combination of mathematical, statistical, and other logic-
based methods for managing and interpreting efficiently
the chemically-derived data.  Principal components
analysis (PCA) is an unsupervised pattern recognition
technique used in multivariate analysis (Yaakob B. Che
Man et al, 2011). It projects the original data to reduced
dimensions in matrices called scores and loadings. Shin
et al. (2010) has reported that PCA is a method of
identifying patterns in data and expressing the data in
such a way as to emphasize their similarities and
differences. The authors also reported that PCA can
designate interactions between groups of variables in a
data set and show relationships that might exist
petween objects. PCA has been successfully used to
define relationships that exist in fatty acid classification
studies of food lipids, due to the capability to manage
and interpret large data sets (Kadegowda et al, 2008;

calculated based on Euclidean distance from the objegt
of each cluster to its centre by which pre-determined th

number of cluster is K (Jianyong Chen and Chang
zhang, 2011). The object belongs to its cluster whe
distance is near to the centre compared wi
centers. CA has an advantage over P
information is more objective and provi
results. In addition, CA is able to reduce dimen

while retaining the required informatiow
i
e

Matos et al, 2007). K-mean cluster analysis (CA) isc

€

>011)

Thus, the objective of this study w in
the use of gas chromatogr Q f
detector coupled with chemom%’cech ques,
means for distinguishing lar It
concentrations from other:%ats’s ch

tallow and chicken fats.

2. Materials and ho
2.1. Materials

Adipose tis (lard), chicken and beef were
obtained fr iMgrent local supermarkets. The
analytical gglventSmsed for fats extraction and GC

analysis were anol 99.9 % (analytical, GC grade);
acetone 99.9% (analytical, GC grade); n-hexane 99.0%

(analytical, GC grade), chloroform 99.8% (analytical

grade) and sodium methoxide 1% solution. All mentioned
solvents were from Sigma- Aldrich, UAS.

2.2. Standards

The 37 Component FAME Mix from Supelco, Sigma-
Aldrich, USA was used to identify the fatty acid
composition of the pure and adulterated samples.

2.3. Samples preparation

The fats were extracted accordi Bligh-Dyer
method (1959). Accurately, 300 to 4 sample was
weighed; then, 4 ml methanol, 2 oform and 0.4
ml water were added; homoger% vortexed for 30
sec. After that, 2 ml of chloroform and 2 ml of water
were added; vortexed for 30 s centrifuged at 3300
x g for 15 min, at 5° to 25C. UsiRg a Pasteur pipette the
upper layer (methanol/w. as then removed, and
the lower layer (meth roform) was transferred
into a clear tube.gki the solvents were removed

using a rotary eva unc'ér reduced pressure, at
40°C.

The extract 'w:f fat (BF), chicken

fat (CF) and @yseries of 14fsam ot wé (0.5-10%
r' ?_éyged. Samples

s adulterated; while pure
rd were marked

pure
)kg fat EC@nd lard (LD), and
-FID.

aci hyl esters (FAME) using

omdpositions were determined by

onver tty acid methyl esters (FAME)
acc@rding todhe m d of Cocks and Van Rede (1966)
wi ighft Modj on. FAME was prepared by adding
-hex to 50 mg of fat, followed by 50 pl of

ide. The mixtures were vortex for 5 sec
Settle for 30-60 min. The top layer (1 pl)
to a gas chromatograph (Agilent 7890 )
Qyith a flame-ionization detector and a polar

lumn (HP88-Agilent Technologies, USA), 100
m, and 0.25 pm film, internal diameter and film

E. The temperature of the column was 90 °C,
grammed to increase to 220 °C at 15 °C /min (for 5
in), 2 °C /min and 15 °C /min (for 1 min). The
injector and detector was
maintained at 240 °C. The run time was 40omin. The FAME
peaks were identified by comparing their retention time
with certified reference standards of FAME (Supelco,
Sigma-Aldrich, USA). Percentage relative of fatty acid
was calculate based on the peak area of a fatty acid
species to the total peak area of all the fatty acids in the
oil samples.

2.5. Chemometrics Software

The percentage of FAME of all samples was
transformed to a multivariates data set. Then, the data
was standardized using Microsoft Excel software 2007.
Principal component analysis (PCA) and K-mean cluster
were performed by using an Unscrambler software
(X10).
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Results and Discussion

Fatty Acid Methyl Esters (FAME)

Table 1 shows the fatty acid compositions of lipid
extracts from beef, lard and their mixtures. Butyric acid
(C4:0) ranged from 8.29% to 1.85%; Capric acid (C10:0)
0.129% to 0.12%; Lauric acid (C12:0), 0.175% to 0.12%;
Myristic acid (C14:0), 7.34% to 1.86%; (C14:1), 0% to 0.30%;
pentadecanoic (C15:0), 0.09% to 0.83%; Palmitic acid
(C16:0), 35.37% to 56.03%; Palmitoleic Acid (C16:1), 0.31%
to 0.60%; Margaric acid (C17:0), 0.18% to 0.58%; Stearic
acid (C18:0), 20.33% to 20.49% ; Oleic acid (C18:1cis),
0.20% to 3.24%; Linoleic Acid (C18:2trans),

3
3.1

Table 1. FAME results of the pure and the adulterated samples.

29

0.10% to 0.08%; Linoleic acid (C18:2cis), 0.64% to 31.9%;
linoleic acid (C18: 2, n6), 2.85% to 33.92%; Alpha-linolenic
acid (C18:3n3), 0.24% to 1.46%; Arachidic acid (C20:0),

0.87% to 2.18%; Eicosenoic acid (C20:1n9),Tto 1.46%;
Dihomo-gamma-linolenic acid (C20:3g6), ®% to 0.17%;
Erucic acid (C22:1n9), 0% to 0.39%; 3& cid (C24:1),
0% to 0.15%; Docosahexaenoic %), 0% to 0.25%;

Eicosadienoic

acj
Arachidonic acid (C20:4n6), o%% oy

acid (C20:2), 0.1% to 1.48%. These resuf& correspond with
those from other studies (EnsT, 1996).

Y,

FAR | C40 €60 | Cioio | Ciio | Cigio | Gign | Gisio | Qs C18:cis | C18:2trans
87 | 8.290 ND 0.129 0.176 7349 | 0.308 | 0.834 | 0.364 3.248 0.085
CF | 0.462 | o0.069 0.243 | 0,509 | 2.605 | 0.497 0.177 ND 0.474 0.175
LD 1.853 ND 0.124 0.128 1.864 0.000 | 0.094 ®.2 0.104
S1 6.618 ND 0.141 0.177 6.481 0.247 0.700 % 0.067
S2 5.700 ND 0.144 0.182 6.473 0.274 0.755 .l~6 2 0.067
S3 | 6.737 ND 0.139 | 0477 6.370 | 0.242 | 0.687 681 0.067
S4 6.732 ND 0.097 0.120 6.186 0.790 0.661 ¥ 2367 0.127
S5 6.630 ND 0.144 0.176 6.333 0.237 0.678 2.608 0.067
S6 7-102 ND 0.141 0.182 6.347 | 0.239 | 0.680 2.432 0.128
S1* 1.010 0.041 0.235 0.426 2.538 0.379 0.203 0.460 0.157
2% | 1.061 0.038 0.228 | 0.423 | 2538 | 0362 | 0.198 0.443 0.157
S3* 1.017 0.019 0.156 0.300 2.146 0.311 0471 ) 0.386 0.141
Sq* 1.181 0.053 0.226 0.411 2.557 0.345 21.026 0.452 0.155
L 0.418 0.034 0.136 0.248 1.899 0.174 15.181 15.627 0.739
s6* | 1.073 0.040 | 0.228 | o.400 | 2.580 | 0.338 21.035 0.439 0.157

ND
3.2- Principal component analysis (PCA) ,
In this study, the multivariates data f 30
FAME (i.e., the 30 FAME in BF, LA, and CF as weliffs thes :
mixtures) was subjected to PCA in or

number of descriptors associated t

without losing the information the@rigi
scores and loadings matrices wgfte rafedeusin
principal components (PCs). An ef®eniilue gf abou

was achieved using seven P
1%, of the variation, whil 2%gescrib

variation; therefore, the %g five (< W% t
not explain signiﬁcant@ty in the data. N
Figure 1 demongifa e scores plot of PCA\%’;O
fatty acids meth x (FAME) representing the
projection of s%eﬁned by the first (PC1) and
second (PC2 ents. It explains the variation
characterisfics o 30 FAME’s in the samples; there
are some ds are significantly different which
medium chain and polyunsaturated fatty acids. These
fatty acids are distributed in the upper left region in the
figure for example C15:1, oleic acid (C18:1cis), and linoleic
acid (C18:2c¢is) specifically in lard. This may be due to the
unchanging of this fatty acids inside pig stomach;

oppositely to the ruminants with several stomachs have
microbes that change fatty acids structure into saturated

reducd t

$

fats I'Fr%, they can pass into the blood stream in
th ?al intéstine, and from there into tissues (Teye et

. 200, eye, Wood, Whittington, Stewart, & Sheard,
20 addition, the Figure 1 shows that there are

06
sor&curated fatty acids with significant presence and
teywocated in the lower left region in the figure, for
nce: butyric acid (C4:0), myristic acid (C14:0), and
earic acid (C18:0). Furthermore, Figure 1 illustrates that
almitic acid (C16:0) which is sited on the right region
and far from others acids. This means that it is
significantly higher from other fatty acids and this
especially in BT; and that may be due to the microbial
biohydrogenation of fatty acids inside the ruminants
stomach; where the fatty acids are changed from poly
and mono-unsaturated to saturated fatty acids ( J. D.
Wood et al.,2008).

Figure 2 shows the loading plot for the different
concentrations of the samples (BT+ L, and CF+L) as well
as the pure samples BT, CF and LA. The PCA loading plot
describes the different distribution of variables
(concentrations) in two main groups. The first group (1,
4,5, 6,7, 8,9, and 10) which refers to BT and BT+LD; and
it was located under the X-axis. The second group (3, 11,
12, 13, 14, 15, 16, and 17) refers to CF and CF+LD; and it is
located up of X-axis. However, for the sample 2, which



0. Dahimi, M. S. Hassan, A. A. Rahim, S. M. Abdulkarim, and Siti M. A./J.Food Pharm.Sci (2014): 27-31

refers to lard sample, is very isolated from the other two
groups. This grouping of samples is maybe because of
the differentiation in their physic chemical

Scores DTNDRDIZED C-B-LA

06
C18:1cis

0.4 4c16:1
* C18:2cis

Wi

0.2

0

30

characteristics. Therefore, Figure 2 helps to differentiate
BT and CF from LA, and it aids to distinguish very low
adulterated concentration (0.5%) of lard in BT and CF.

Yv

\
O
Yv—
I

9
. -0.2 4
g \,
(8]
Q0.4 -
-0.6 1 C14:0 i
-0.8 1
C4:.0 C18:0
14 . ) - Y'
0 1 2 3 4 5 6 7 8 9 10 11 12 13 5 8
PC-1(97%)

Fig 1. The scores plot for the first two principal components (

PC-3 {1%)

0 30.?___4?? p

i inci loadings plot of PC:
Fig 2. Principal component aiylysi )
beef tallow ( BT); 2 ); 3 chicken fat (CF); 4 ng
CF+ h

%LD; 11 CF+0.5 %Ll\ D; 13 CF+2 %LD; 14 CF+3%
3.3. Cluster s

The qgigina a set (Table 2), X (17, 30) consisted
of 30 varia sured in 17 samples (3 samples are
pure animal fats: BT, LD and CF and other 14 are BT+LD,
CF+LD respectively), where each entry matrix was an
average value of three replications. The data was
standardized prior to the analysis, and then they were
subjected to cluster analysis (CA). The K-mean cluster
analysis results are given in (Table 2 (a), (b) and (c)) that
grouped all samples into three different classes class 1

& @9?%}
foF

0.23

s PC2 showing the pure and the adulterated samples, where: 1 refers to

% LD; 5 BT+1 %LD; 6 BT+2 %LD; 7 BT+3 %LD; 8 BT+4 %LD; 9 BT+5 %LD; 10 BT+10
15 CF+4%LD; 16 CF+ 5% LD and 17 CF+ 10 % LD.

for LD, class 2 for BF and BF+LD (Table 2 (b); while, class
3 for CF and CF+LD (Table 2 (c)). The mixtures were
classified according to their main component of fat;
CF+LD in class 1 (CF) and BF+LD in class 2(BF).
Nevertheless, this k-mean cluster results could not
distinguish lard in small concentration (0.5%) from other
concentrations (more than 0.5%), but it may help to
differentiate lard from other animal fats if it (lard) is
dominant in the mixtures.
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Table 2 (a):

Sample Concentration of lard % Class
LD 100 1
BT 0 -
CF 0 3

k-mean cluster results for the pure samples BT is pure
beef tallow; CF is pure chicken fat and LD is pure lard

Table 2 (b):

Sample Concentration of lard % Class
S1 0.5 2
S2 1 2
S3 2 2
S4 3 2
S5 4 2
S6 5 2
S7 10 2

k-mean cluster results for BT+ LD where: S1is BT+
0.5% LD; S2is BT +1% LD; S3 is BT+ 2% LD; S4 is 3% LD;
S5is BT + 4% LD; S6 is BT+ 5% LD; S7 is BT + 10% LD

Table 2 (c):

Sample Concentration of lard % Class
S1* 0.5 3
S2* 1 3
S3* : 3
S4* 3 3
S5* 4 3
S6* 5 3
S7* 10 3

LD; S2¥* is CF + 1% LD; S3* is CF + 2% LD; S4* is 3% L
is CF +4%LD; S6*is CF + 5% LD and S7*is CF + 10% L

4. Conclusion z

GC-FID combined with the chemome i
such as PCA and K-mean cluster can e
differentiate lard from beef tallow an &
has showed the ability of detectiorf O

mixtures of beef tallow- lard and W
as 0.5 % of lard. Meanwhile, K-me% r
f t

to

trix in very small pqé"ﬁe

detection of lard in f

amounts. \
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