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ABSTRACT

Continuous deep frying at high temperature for long period of time results in
development of unpleasant decomposition product. Hat-Yai fried chicken is one of the most
popular foods in Songkhla province. The quality deterioration of chicken frying oil during frying
process has increasingly become a public health concern. The quality changes in palm oil,
soybean oil and rice bran oil were analyzed periodically for their peroxide value (PV), free fatty
acid (FFA), p-anisidine value (p-AV), viscosity and color during heating at 190°C for 8 h. The
result showed that palm oil and soybean oil had higher heating stability than rice bran oil (p <
0.05). Palm oil was heating stability higher than soybean oil for deep frying of chicken
drumsticks. To investigate the effect of frying temperature and frying time, chicken drumsticks
were fried at 170°C, 180°C and 190°C for 15, 18, 21 min and ratio of palm oil to chicken was
10:1.0. Frying oil was analyzed for its peroxide value (PV), free fatty acid (FFA), p-anisidine
value (p-AV), viscosity and color as well as surface color of fried chicken and total fat in skin and
meat of fried chicken. It was found that PV, FFA, p-AV and viscosity increased significantly (p <
0.05) with frying time. The color of frying oil and surface color of fried chicken tended to
increase with increasing frying temperature and time. The total fat in skin fried chicken of all
temperature tended to increase with time of frying (p < 0.05) and total fat in meat fried chicken
was not significant different (p > 0.05) when temperature increased. The ratios of oil to chicken
drumsticks (10:0.5, 10:1.0, 10:1.5, 10:2.0, 10:2.5 and 10:3.0) frying at 180°C for 18 min on the
quality changes of frying oil were studied. The results showed that frying with lower proportion
of oil to chicken (10:0.5) could prolong the changes in frying oil quality when compared with
higher proportion. Quality changes in repeated frying oil were compared between repeated frying
30 batches within 1 day, frying 10 batches/day for 4 consecutive days (filter) and frying 10

batches/day for 7 consecutive days (filter and turnover) at 180°C for 18 min and oil to chicken

)



ratio of 10:3.0 v/w were investigated. Results revealed that repeated frying for 10 batches/day for
7 consecutive days (filter and turnover) showed better oil quality than other repeated frying

conditions.

(6)
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Table 1. Fatty acid found in foods

No. Carbon Melting
Systematic Name Common Name Common Sources
Atoms Point (C)
Saturated Fatty Acids

2 Ethanoic Acetic 16.7 Vinegar

4 Butanoic Butyric -5.3 Milk fats

6 Haxanoic Caproic -3.2 Milk fats

8 Octanoic Caprylic 16.5 Milk fats and palm
seed oil

10 Decanoic Capric 31.6 Sheep and goat’s
milk

12 Dodecanoic Lauric 448 Coconut oil

14 Tetradecanoic Myristic1 54.4 Palm and coconut oil

16 Hexadecanoic Palmitic' 62.9 Animal fats

18 Octadecanoice Stearic' 70.1 Animal fats

20 Eicosanoic Arachidic 76.1 Some animal fats

22 Docosanoic Behenic 80.0 Seed oils

24 Tatracosanoic Lignoceric 84.2 Minor amounts in
some seed oils

26 Hexacosanoic Cerotic 87.8 Plant waxes

28 Octacosanoic Montanic 90.9 Beeswax

30 Triacontanoic Melissic 93.6 Beeswax

1 Major components of fats and oils in food products.

Source : Fuller (1978)



Table 1. (continue)

No. Carbon Melting
Systematic Name Common Name Common Sources
Atoms Point (C)
Monoenoic Fatty Acids
16 9-Hexadecenoic Palmitoleic -0.5t0 0.5 Many fats and
marine oils
18 6-Octadecenoic Petroselenic 30to 33  Parsley seed oil
18 9-Octadecenoic Oleic' 16.3 Almost all oils and
fats
22 13-Docosenoic Erucic 335 Rapeseed oil
Polyenoic Fatty Acids
18 9,12-Octadecadienoic Linoleic' -5 Many vegetable oils
18 9,12,15-Octadecatrienoic Linolenic' -11 Linseed oil
20 5,8,11,14- Arachidonic -49.5 Animal fats
Eicosatetraenoic

: Major components of fats and oils in food products.

Source : Fuller (1978)



Table 2. Fatty acid composition of some fats and oils'

Fatty Acids (%)

Source 12:0 14:0 16:0 18:0 18:1 18:2  Others
Soybean oil 0.1 10.5 3.2 22.3 54.5 9.4°
Cottonseed oil 1.0 25.0 2.8 17.1 52.7 1.4
Corn oil 11.5 22 26.6 58.7 1.0
Peanut oil 11.0 2.3 51.0 30.9 4.8
Safflower oil 0.1 6.7 2.7 12.9 77.5 0.1
Safflower oil (high oleic) 5.4 1.7 80.7 12.2
Sunflower oil ° 70 33 143 754
Olive oil 6.9 2.3 84.4 4.6 1.8
Rapeseed oil 0.1 4.0 1.3 17.4 12.7 64.5"
Coconut oil 16.6 8.0 3.8 5.0 2.5 15.9
Palm kernel oil 48.2 18.4 8.7 1.9 14.6 1.2 4.3
Palm oil 50.9 1.2 46.8 3.8 37.6 10.0 0.5
Lard 0.1 1.0 27.0 14.0 43.0 10.0 5.0
Tallow 3.0 30.0 19.0 44.0 4.0

: Composition in somewhat variable. These are average values.
? Soybean oil contains approximately 8% linolenic (18 : 3) acid.

* Grown in colder climates. In the southern United States, sunflower oil may contain more than

50% oleic acid and as little as 35% linoleic acid.

¢ Ordinary rapeseed oil contains 45-46% erucic (22 : 1) acid. Other varieties now in production

have higher oleic acid contents and little or no erucic acid.

Source : Fuller (1978)



v
a o

2.1.1 N3 U UBHADNA (Gaman and Sherrington,1990; Dugan, 1976)
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2.1.2 ﬂﬁﬂ"lﬂlﬁu‘vﬁﬂ"lﬁauﬁ’s(Gaman and Sherrington,1990; Dugan, 1976)
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Figure 1. Esterification reaction in fats and oils

Source : Gaman Lag Sherrington (1990)
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Table 3. Characteristics of palm oil

Characteristic Content
Specific gravity (40/25 °C) 0.900-0.907
Iodine value (Wijs) 45-60
Sponification value 190-209
Unsponifiable matter (%) 15-20
Refractive index (40 °C) 1.45-1.46

Source : 491N.288 (2535)
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Table 4. Characteristics of soybean oil

Characteristic Content
Specific gravity (25 °C) 0.917-0.921
Todine value (Wijs) 120-141
Sponification value 189-195
Unsponifiable matter (%) <1.5
Refractive index (25 °C) 1.470-1.476

Source : U9N.176 (2533)
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Table 5. Characteristics of rice bran oil

Characteristic Content
Specific gravity (25/25 °C) 0.910-0.921
Todine value (Wijs) 99-108
Sponification value 181-189
Unsponifiable matter (%) 3-5
Refractive index (25 °C) 1.470-1.473

Source : 49N.44 (2516)
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v
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1 an o 1w ) @ 3’ % J g’ v o w
1996) AMBINOUNIAFUININDY 198 uag 192 mﬁi‘uumuﬂ1ammzumummﬁmmumﬂu
. g’ v o 9 = Aan [ [ 1 an @ 3| VoA
(Basiron, 1996) gaziius NI HATIINY 188 M iweuW it umnuIven
a = J Y [l 3’ Y &Y = A A Y 09/’ <3|
Gnuﬂéumﬂama”lﬁﬂﬁlumamwmuuax'16113J14 IﬂElﬂﬁl“l)’f]hlﬁﬂﬂllﬂﬁﬂhlélluuﬁWﬂﬁulﬂu

o 1 Aan @ [ @ I~ 4
panlsznovsziammeiilinduuinnnsa luiuaeeuilueeniszney (Othoefer, 1996)

Table 6. Fatty acid composition of palm olein oil, soybean oil and rice bran oil (%)

Fatty acid Palm olein oil' Soybean oil’ Rice bran oil’

C12:0 0.2 - -
C14:0 1.0 0.1 0.3
Cl16:0 39.8 10.4 15.0
C18:0 4.4 4.0 1.7
C20:0 0.4 - 0.6
Total Saturated fatty acid 45.8 14.5 17.6
Cle:l 0.2 0.2 -
C18:1 42.5 23.8 43.0
C20:1 - 0.2 -
C18:2 11.2 53.3 374
C18:3 0.4 7.1 1.5
Total Unsaturated fatty acid 543 84.6 81.9

monounsaturated fatty acid 42.7 242 43.0

polyunsaturated fatty acid 11.6 60.4 38.9

Source : 1Adapted from Basiron (1996)
2Adapted from Michael Eskin et al. (1996)

*Adapted from Othoefer (1996)
4. manfasumlasvesrihiuszrinamea

3‘ Y 1 ' Y a A Y a o s A o
msneauuuitumunelinadsdseneuninalvnannuiiluneeusy
1 [ = 1 t:' Q' =Y v Lﬂy v v
uaz”lmamfu Tagmsnealranemsilasundasvosndusa Fuazanvuzilodulavos

21113 N0A i’)llﬁ\‘]ﬂmﬂWWﬁ1uIﬂ%u1ﬂﬁﬂl@ﬂ@1ﬁﬁ (Choe and Min, 2007)
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Figure 2. (Choe and Min, 2007)

Peroxides

Increasing value ————>»

Figure 2. Physical and chemical changes of oil during deep-fat frying

Source : Choe 8¢ Min (2007)
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[ Y
msnaemslsznevaaeiinseme lduas luszmeluihiuneadauaasly Figure 3.

Fats
oxygen
heat

‘} water

Decomposition products

l l

Volatile Decomposition Products Nonvolatite Decomposition Products
- hydrocarbons Polar and Nonpolar
- aldehydes - cyclic monomers
- ketones - noncyclic monomers
- furans - dimers
- carboxylic acids - trimers

- higher molecular weight compounds

Figure 3. Formation of volatile and nonvolatile decomposition products in frying oil

Source : White (1991)
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5.1 ﬂﬁﬁ%ﬂﬂﬁiﬂi"la“ﬁﬁ (Hydrolysis reaction)

Y Y
Aaaa Aa o ' o w J [~
ﬂgﬂiEl']llaiﬂiqacﬁﬁﬂl@\‘]u'luuigﬁj']ﬂcﬂ@ﬂllﬂﬂu'llluﬂﬂlllﬂuwaﬂﬁzcﬂﬂﬁnﬂ
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13 uNeAAZ®1%15(Choe and Min, 2007) 1iutaz lowiez laTas lad lasnde lsa IdiduTn

4 7 { 3 o A o
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Figure 4. (Warner ,1998)
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CH OCR CH OH 6]

I

| ° 8 | "
Il

CHOCR_ *+ H20 — CH-OCR2 + RCOH
2 2

CH OCR CH OCR
b o
0 (0]

Triglyceride + Water = Diglyceride + Fatty Acid

CHzOH l + l

CHOH CH OH

| — 2

CHzoﬁR3 CHOH + Fatty Acid
O CH_ OH

Figure 4. Hydrolysis reactions in frying oils

Source : Warner (1998)



17

91N91UI98UD9 Che Man tazams (1999) s1991uMsuansa luiuseaszlu

S o a4 2 A "o e A - a y o <
HIWUNINUUU mammmuuumwamﬁqu 180 = 5 DIAUBAUBYT IUAS S ‘B?INQL‘ﬂ‘HL’Jm 5

E]

(% d‘ oy L c:/ o Y a Aaan a oy @ 1 =S (% a o
Tuteananih lwiudis sldnalgaser lales lagaluiniu swheniuauitess Naz

a =

1 v 9 v Y
HazAMg (2005) FIANYININOANUA TV BTUNILAgUWYL 180 peraiTod Tuiiiu

U

oy o oy v < @ a Jd (a
yInon umuéﬁlniwmmzumummﬁmtﬂunm 30 60 11AZ90 WIN HAINAUATIZHUT U

)}

v A 1 d' A d? o Y v A A dg’ [
ﬂiﬂllellllu’f)ﬁiz Wu'nmaixaznaﬂuﬂmnam‘wmu‘nﬂwﬂsmmﬂsﬂllwuaaizmmum

v Y Y 1]
a K Y

[ Y v
uaaslu Figure 5 TasoFuiendsunansa lududasenmuduiiv ilesnani lududss:
lelaslad lasnaes lsa maflulandme’lsd Tulundwe lsduaz lutiganilunsa 'l

ddszUazNAW0T0A FINAYeT0aTINI0ITME IAloguu)ININNT 150 DerITmIFod

0
o
[ Olive oil
<t .
s 1 |E Corn il T
. I
O Soybean oil
o) T
T
2. - T
il I I
!
2 T
g i T
N -
£ © ¥ -
T8 I
T
'|' L
- I
(= I l J.
T
1
o - - -
Control oil after 30 minutes frying  oil after 60 minutes frying  oil after 90 minutes frying

Figure 5. Effect of time deep frying on %FFA of olive, corn and soybean oils

Source: Naz Hagame (2005)

5.2 ﬂﬁﬁ%ﬂ‘l@ﬂﬂ@!ﬂffu (Oxidation reaction) (Dana and Saguy, 2001)
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5.2.1 Ugnsseendaduduilgugil (Primary oxidation)
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5.3 ﬂﬁﬁ%mwaama"lsw%’u (Polymerization reaction) (Warner, 1998)
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H H
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| | | | C——
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— C=(C — I I
S o b
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+ ; o 2
[ ] - C—
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R3 | R4 3 | 4
H H

non-cyclic dimer
Figure 6. Polymerization reactions in frying oils

Source : Warner (1998)
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Table 7. Methods to measure oxidation in oils and fat-containing foods

Method Parameter assessed
Sensory Odors/Flavors

Peroxide value Peroxides

TBARS Malonaldehyde + unknown compounds
Carbonyl value All carbonyl functions

p-Anisidine value Gamma-and beta- unsaturated carbonyls
Ultraviolet absorption Conjugated dienes/trienes

Gas chromatography Volatile compounds

Source: Warner (1996)

d d
6.1 ANND300N 1WA (Peroxide value)
¢ s A Ao ] s ‘I a v d o o
laTasmesoon leansonsonialiiuneseon leqilunaasuasivdnduusn
Y 1 1
yo9fasereondaduluiniu Funaninneengiouiiljnsernunsa ludulioudn
7 s = £ A = O = o g
laTasmosoon ladszazanlirudsganiisnuiniga mintiulsaaied hhiiluaisdsenou
A ] 4 a d! o Y a d' z:' ] a z:' A A
DU U MTUBNa Favzi lnansasunlasveanausd U MINANAUTUKTONIS
d' =S 3’ C%
nlaguaveaiiu (Warner, 1996)
6.2 Mz HAAN (p-Anisidine value)

k4
aad aaa a

1 I v Aw a o Jd o a a @
mw131’@zuﬁﬂmﬂumﬁ”mwa@mmcnmunmagmmmJgﬂsmaaﬂ%mwmm

o A o 1 1 g . . = s a
n3a lviulududa daulvaiilu conjugated dienals 1Az 2-alkenals toad lganinaINs
o ¢ 7 2 J o A ay ¢ 4 7
aaedivedlalasmesoon laaidunaldnausaluihiungneong ladulaeuly noadlea
o . o aaa (% aAadn Y d‘dd A [ =
VNAT (2-alkenal 18 2,4-dienals) IlgAsoiumnesidauldarsiidmaesianmsganau
A A A d? Y a = J
ueranNueINaY 350 w1 TuwasiazANUMaeeIa s YUY UYT N IULDAR 1ad (Warner,
1996)
= d’ = AaaAaa a o g’ o a
Naz Hagaag (2004) Anyimsideudsnnljnsoeendmdnluiniuuiing
Y Y Y 1 1 Y v
ainiuugnen uiudnInauaziniunumaes) vasnnneadudswuuiiuniungumgi

< A A J 1 4 J 1 aan
180 °C 11141781 30 60 LA 90 UIN 'Jlﬂ51$ﬁﬂ11°l’\l@5@@ﬂvl°]fﬂ (PV) UazMNWI5102UTAAU (p-AV)

v
a

" o A2 A4 4 . A a A A o o
wmmmmmmmumeﬁzazwaﬂumimmwmu (Flgure 7-8) mmﬂiaumw%u@umu

Yy 9 v
A o o W

v 4 Y Y
UM PV 1AL p-AV Winduauaduaetl thdudumaes > hdudniIna > hsiuuznen



L O Olive ail
& Corn oil
~ @ Soybean oil

PV (meq O,/Kg)

Control oil after 30 oil after 60 oil after 90
minutes frying minutes frying minutes frying

Figure 7. Effect of deep-frying on PV of olive, corn and soybean oil

Source: Naz tiagaaly (2004)
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Figure 8. Effect of deep-frying on p-AV of olive, corn and soybean oil

Source: Naz LlagAMe (2004)
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Energy Water Protein Fat Carbohydrate
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Breast 213 56 29.3 9.4 2.8
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[dble 9. Chemical and physical properties of palm olein oil, soybean oil and rice bran oil

Properties Palm olein oil* Soybean oil* Rice bran oil*

Chemical properties

Peroxide value (mg O,/kg fat) 2.04 £0.04 2.30£0.00 2.56 £0.00

Free fatty acid (mg KOH/g fat) 0.15+£0.00 0.15 +£0.00 0.20 £0.01

p-Anisidine value 0.76 £0.00 0.20£0.05 1.14+£0.12
Physical properties

Color CIE L* value 96.7 +£0.02 101.5 +0.04 96.2 +0.04

a* value -7.5£0.01 -3.7+0.02 -6.0 £0.01

b* value 47.1£0.01 13.4+0.02 46.4+0.03

* Mean value + standard deviation (SD) of triplicate determinations.
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[dble 11.[ e changes in peroxide value, free fatty acid and p-anisidine value during deep —fat

frying
Number
Peroxide Value* Free Fatty Acid*
of p-Anisidine Value*
(mg O,/kg fat) (mg KOH/g fat)
Batch
Palm oil Soybean oil Palm oil Soybean oil Palm oil Soybean oil
1 1.35+0.18"  1.84+0.09° 0.15+0.00° 0.16+0.00° 2.87+0.07  8.17+0.11"

2 1.98+0.15° 2.03+0.05 0.19+0.01° 020+0.02° 4.71+028  11.07+0.58"
3 2.79+0.09° 228+0.13° 020+0.01° 022+0.00° 7.41+021° 12.72+0.29°
4 2.87+0.02° 2.92+0.13° 023+0.01° 022+0.00° 9.42+021"° 1523 +1.04°

5 312005 333+0.11° 024+001° 025+0.00"° 11.86+£043° 19.48+0.26°

* Mean value + standard deviation (SD) of triplicate determinations.

“* Means in a column followed by different superscript are significant difference (p < 0.05).
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*® Means in the same time (0, 15, 18 and 21) with different letters are significant differences

(p < 0.05).

** Means in the same temperature (0, 170, 180 and 190) with different letters are significant

differences (p < 0.05).
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Figure 16. Free fatty acid in frying oil after frying at various temperature and time

" Means in the same time (0, 15, 18 and 21) with different letters are significant differences

(p <0.05).

*® Means in the same temperature (0, 170, 180 and 190) with different letters are significant

differences (p < 0.05).
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Figure 17. p-Anisidine value in frying oil after frying at various temperature and time

““ Means in the same time (0, 15, 18 and 21) with different letters are significant differences

(p <0.05).

*P Means in the same temperature (0, 170, 180 and 190) with different letters are significant

differences (p < 0.05).
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Ldble 12. Color of oil after frying at various temperatures and times
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[ilme of frying (minute)
Color parameter @mperature of frying
15 18 21
170 °C 9529+ 0.01°  95.18+0.01" 9471 +0.01"
L* 180 °C 95.09+0.01°°  94.86+0.00"  94.61+0.01™
190 °C 9468 +0.01°  94.65+001" 9421 +0.00"
170 °C 5.86+0.01"  -575+0.01"  -545+0.01°
a* 180 °C 5544001 -5.48+0.02"  -4.94+0.01°
190 °C 452+001"  -453+0.01"  -3.93+0.017
170 °C 51394001 51.87+0.01°  52.69+0.01€
b* 180 °C 49.47+0.01"  49.98+0.01" 51.76+0.01
190 °C 4942 +0.02  49.45+0.01° 4949 +0.01°

* Mean value + standard deviation (SD) from quadruplicate determinations.

““ Means in the same column of each parameter (L*, a* and b*) with different letters are

significant differences (p < 0.05).

*€ Means in the same row of each parameter (L*, a* and b*) with different letters are significant

differences (p < 0.05).

Ldble 13. Viscosity of frying oil after frying at various temperatures and times

Viscosity value* (cP)

Emperature of frying

15 min 18 min 21 min
170 °C 69.0+ 02" 69.3 £0.3"" 69.8+0.1"
180 °C 69.8 +0.2™ 69.5 +0.3" 69.7+0.2"
190 °C 69.6 +0.3™ 69.6 +0.1" 70.0 £0.1°

* Mean value + standard deviation (SD) from quadruplicate determinations.

a-b

 Means in a column followed by different superscript are significant differences (p < 0.05).

* Means in a row followed by different superscript are significant differences (p < 0.05).
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_dble 14. Fat content of chicken drumsticks after frying at various temperatures and times

Fat content [ dmperature [ime of frying (minute)
(g/100 g wet basis) of frying 15 18 21
170 °C 1.56 £0.17* 1.86 +0.08™ 2.74+0.28"
meat 180 °C 1.95+0.38" 2.20+0.01" 2.87 033"
190 °C 253+ 1.10" 2.55+0.55" 2.90 +0.14"
170 °C 24.72 +0.48™ 28.79 +1.06" 33.36 + 1.00°
skin 180 °C 28134222 2991+033""  32.68+0.66"
190 °C 2927+0.16"  30.68+049"  36.54+1.75"

* Mean value + standard deviation (SD) from quadruplicate determinations.

*“® Means in the same column of each parameter (fat in meat and fat in skin) with different letters

are significant differences (p < 0.05).

*€ Means in the same row of each parameter (fat in meat and fat in skin) with different letters are

significant differences (p < 0.05).

1 I~WA

MINMINARBINDA Infigungiinaznameaiuanaanuaioda ntiadn

a

@ a < o A 1 § 1 1
mouenudand Ldble 15 Tasguuginaznameailuilvdennanademslasunlasard’n

4
(Appendix [dble E4) WUNNIAIANNEIN (L*) MaUAd (¢¥) wazmdmans (b*) linianad

Y]

] = o @ d' a a' dy =\ 9 d‘
DYNUUIAIAYLNDYUNINUNITNOALNNYY (p < 0.05) waziuud luanaulonainisnen

14
aaan

v ] 9
mméﬁu N1TAAANUDIAIAINAIN (L*) Eﬂ%!ﬁ’ﬂﬂlﬂ%ﬁ]ﬂgﬂ‘iﬂ1ﬂ15lﬂﬂﬁﬂ1§l1ﬁ"lj@ﬂﬂ§]ﬂ‘iﬂ1

Y
a [ a =<

J a @ y { aaa J (K%
LllaﬁTiﬂ!Lﬁ%ﬂTilﬂﬂﬂTi’lmUlﬁ!“ﬂ%u!ﬁ@ﬂ@ﬂﬁ@mﬂﬂhﬁﬂ 'E]Q‘]iWﬂ'l'i!ﬂﬂ‘iJ{(]ﬂ‘iEJ'll,iJﬁﬂ'l‘iﬂ"quJEJﬂU

£ U u
9

J = a J aas A J =
p4A1)5zneUIAN TAITITNNIA 19U JBINBTHBNNIA NeY BaAlIzRBUMUANIYBIDINITUAY
QUM NYBINITINAYNTEN (Carabasa and Ibarz, 2000) MNTIENUVDI Ngadi HazAN (2007)
= = = v 3 A = a = |
Anwimsnasuulasdveainmaln eneafgaumngil 190 + 2 esruaaFod 1iunan 30, 60,

a ~ [ ~ 9 = 1 [ 1 o < 1
90, 120, 180, 240 az 300 3w Wy ldneatinasemnnuaing (2*) veuinma lnlag

i1 J 9
Lﬁf’]L]ﬁ"lﬂ"lﬁﬂf’)ﬂﬁ/\llléldjuﬂgﬁﬂ‘i}l{ﬂ"lﬂ’ﬂﬂﬁflﬁ (L*) 1A1aAA9 1AZINT189T1UV0N Krokida 118

v
= a

Amy (2001) AnwimsuasuuilasdveaiuSavilaune iWeneanouviail 150, 170 1AL 190 +

q U

I [ a ] 1
2 o ussaiae (una 1, 3,5, 7, 10, 13, 15 1ag 20 N wugargilunisnealinanon



52

v ] v Y v
ANuaIvoiuse Taeieguginisneaiuuniy 1aImeadeInuAIANNEIEl

Aanad

[dble 15. Color of chicken drumsticks after frying at various temperatures and times

Frying time (minute)

Color parameter  Frying temperature

15 18 21
170 °C 4454 +1.09°  40.08+2.11" 4087+ 0.40™
L* 180 °C 4054 +028"  4034+026"  3628+0.52"
190 °C 3734+084" 36.94+038"  3621+027%
170 °C 1440 +0.54™  14.67+055"  15.48 +0.43"
a* 180 °C 1545+052"  16.17+0.78"  12.79+0.52"
190 °C 11.01 £0.49° 1178 +131"  10.92+045"
170 °C 2826+0.18°  2422+2.01™  24.87+0.40"
b* 180 °C 24.18+0.60"  24.05+1.04"  19.84+091"
190 °C 1875+ 067"  1852+127"  17.85+0.40"

* Mean value + standard deviation (SD) from quadruplicate determinations.

““ Means in the same column of each parameter (L*, a* and b*) with different letters are

significant differences (p < 0.05).

€ Means in the same row of each parameter (L*, a* and b*) with different letters are significant

differences (p < 0.05).
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Ldble 16. Peroxide value, free fatty acid and p-anisidine value of frying oil after frying at

various ratio of oil to chicken drumsticks

Ratio of oil to Peroxide value Free Fatty Acid
p-Anisidine value*
chicken drumsticks (mg O,/kg fa)*  (mg KOH/g fat)*
10:0.5 4.43 +£0.09 0.20+0.01° 0.81 +0.05"
10: 1.0 4.86+0.16" 0.21 £0.00° 127 +0.07"
10:1.5 5.47 +0.24° 0.21+0.01° 1.32 +0.04°
10: 2.0 5.71+0.24° 0.21 +£0.00" 2.04 +0.24°
10:2.5 5.68+0.19° 0.21 +0.00° 2.30+0.15°
10:3.0 576+0.11° 0.22 +0.00" 4.06 +0.02'

* Mean value + standard deviation (SD) from triplicate determinations.

“"Means in a column followed by different superscript are significant differences (p < 0.05).

Ldble 17. Color and viscosity of oil after frying at various ratio of oil to chicken drumsticks

Ratio of oil : [ the color of frying oil* ) )
Viscosity Value*
chicken
L* a* b* (cP)
drumsticks

10:0.5 95.90 + 0.04° -6.92 +0.03" 49.04 £+ 0.04" 704 +0.8"
10:1.0 94.90 + 0.02" -6.03£0.01°  50.72+0.04" 70.0 + 0.5
10:1.5 93.85 +0.05° -5.79 £ 0.00° 51.27 £ 0.06° 69.7+0.6"
10:2.0 94.73+0.02°  -548+0.00°  51.42+0.01° 69.7 + 03"
10:2.5 94.68 + 0.03" -5.44 £ 0.01° 51.58 £0.03° 70.3+0.7"
10:3.0 94.47 + 0.06" 5.08+0.01"  51.74+0.06' 69.9 + 0.0"

* Mean value + standard deviation (SD) from triplicate determinations.

“"Means in a column followed by different superscript are significant differences (p < 0.05).
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[dble 18. Lhe changes of fried chicken color during frying with various oil to chicken ratios at

180 °C for 18 min

color of fried chicken *

Ratio of oil : chicken drumsticks

L* a* b*
10:0.5 39.74 +0.78" 16.07 +0.27" 26.25 +0.59°
10:1.0 39.02+1.21° 17.01 +0.81° 24.92 +1.58"
10:1.5 38.28 £ 0.46" 16.69 + 0.62°" 22.57 +0.39"
10:2.0 38.67 £ 0.64" 16.12 +1.91" 23.89 +0.85"
10:2.5 38.29 +0.42° 17.16 +0.03" 24.11 +0.38"
10:3.0 38.86 +0.73" 16.89 +0.17" 22.72 +0.42°

* Mean value + standard deviation (SD) from triplicate determinations.

““ Means in a column followed by different superscript are significant differences (p < 0.05).
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Ldble 19. [he changes of fat content in fried chicken during frying with various oil to

chicken ratio at 180 °C for 18 min

Fat content in Fat content in
Ratio of oil : chicken drumsticks fried chicken meat fried chicken skin
(g/ 100 g wet basis) (g/ 100 g wet basis)

10: 0.5 3.19£0.45° 39.67£1.92°
10: 1.0 1.76 +0.35° 39.77 +3.63°
10:1.5 226+041° 39.69 + 1.63"
10:2.0 2.30+0.04° 39.66 + 1.25"
10:2.5 1.66 +0.05" 34.97 +2.14%
10:3.0 1.71 +0.13" 29.02 +3.15"

* Mean value + standard deviation (SD) from triplicate determinations.

*® Means in a column followed by different superscript are significant differences (p < 0.05).
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Ldble 20. [he changes in peroxide value during repeated frying oil

Peroxide value (mg O,/kg fat)*

Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 0.78 +0.08" 0.78 +0.08" 0.78 +0.08'
5 5.29 +£0.08" - -
10 593+0.17° 5.43 +0.02° 4.28+0.84"
15 5.60 +£0.16° - -
20 5.62+0.08' 6.85 + 0.40° 4.91+0.24°
25 4.03 +0.14° - -
30 3.96 +0.05" 458 +0.37° 5.21+0.50"
40 - 3.47+0.48" 4.42+0.55"
50 - - 436+ 0.34"
60 - - 4.48+0.25"
70 - - 5.06+0.70"

* Mean value + standard deviation (SD) from triplicate determinations.

“* Means in a column followed by different superscript are significant differences (p < 0.05).
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[dble 21. (e changes in free fatty acid during repeated frying oil

Free Fatty Acid (mg KOH/g fat)*

Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 0.19 +0.00° 0.19 + 0.00° 0.19 +0.00°
5 0.32 +£0.00" - -
10 0.44 £ 0.00° 0.54 +0.02° 1.19+0.03°
15 0.57 +0.02" - -
20 0.72 +0.01° 0.80 +0.12° 1.73 +£0.12°
25 0.87 = 0.00" - -
30 1.06 + 0.02° 1.04 +0.25° 1.87 +0.03¢
40 - 1.05 +0.03° 2.37+0.23%
50 - - 2.22 +0.09°
60 - - 2.60£0.10"
70 - - 2.44£0.12°

* Mean value + standard deviation (SD) from triplicate determinations.

¥ Means in a column followed by different superscript are significant differences (p < 0.05).
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[dble 22. [ he changes in p-anisidine value during repeated frying oil

p-Anisidine value*

Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 1.02+£0.16" 1.02+0.16" 1.02+0.16"
5 33.59+0.14° - -
10 42.08 + 0.43° 27.15+£0.53" 31.85+0.90"
15 50.46 +0.43° - -
20 51.67 + 0.52° 4124 +0.47° 36.70 £ 0.84°
25 54.92 +0.42' - -
30 66.44 + 0.95" 37.89 +0.85° 38.31 +0.63°
40 - 37.95+1.17° 4117+ 1.02
50 - - 34.67 +0.85°
60 - - 33.18£0.84"
70 - - 32.82+£0.76"

* Mean value + standard deviation (SD) from triplicate determinations.

“* Means in a column followed by different superscript are significant differences (p < 0.05).
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[dble 23. [he changes in L* value during repeated frying oil

62

L* value'
Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 97.77 % 0.00° 97.77 + 0.00° 97.77 + 0.00"
5 82.06 + 0.08" - -
10 67.14 +0.04° 76.15+0.01° 75.45 +0.02°
15 53.40£0.18° - -
20 44.50 +0.13° 59.72 +0.03° 64.70 £0.01"
25 35.66 +0.57" - -
30 24.80 + 0.06" 4823 +0.02° 59.15 +0.03°
40 - 42.38 +0.00" 54.27+0.01°
50 - - 52.19+0.01°
60 - - 45.01 +0.02°
70 - - 37.80 +0.01"

' Mean value =+ standard deviation (SD) from triplicate determinations.

“" Means in a column followed by different superscript are significant differences (p < 0.05).



[dble 24. [ he changes in a* value during repeated frying oil
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a* value'
Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 -7.60 + 0.00° -7.60 + 0.00° -7.60 + 0.00°
5 7.65+0.06" - -
10 2436 +0.01° 17.16 £0.01° 19.75 £0.04°
15 34.45 +0.04° - -
20 38.68 = 0.01' 34.68 +0.02° 32.60 + 0.02°
25 40.41 +0.14° - -
30 38.54+0.06° 4223 +0.01° 37.08 +0.02°
40 - 45.84+0.01° 41.73 £0.02°
50 - - 42.89 +0.02"
60 - - 4516+ 0.01"
70 - - 44.06 +0.01°

' Mean value =+ standard deviation (SD) from triplicate determinations.

“" Means in a column followed by different superscript are significant differences (p < 0.05).



[dble 25. [ e changes in b* value during repeated frying oil

64

b* value'
Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 40.77 +£0.06" 40.77 £0.06" 40.77 +0.06°
5 77.69 + 0.02° - -
10 91.01 + 0.04° 94.69 + 0.03" 94.91 +0.09"
15 86.18 +0.24" - -
20 74.71 £0.20° 89.27 +0.02° 99.65 £ 0.09"
25 60.86 + 0.82° - -
30 42.64+0.14° 81.24 + 0.04° 95.58 +0.11°
40 - 7234 £0.14° 90.28 +0.11°
50 - - 87.46 + 0.04"
60 - - 76.38 +0.10°
70 - - 64.59 £0.18"

' Mean value =+ standard deviation (SD) from triplicate determinations.

“* Means in a column followed by different superscript are significant differences (p < 0.05).

Y

0 1 Y '
WensamanldeundasidIaesin (AE) Tushduneadimauuuidny,
T A tz' dgl ] =K% o 5 d’ o QQJI L&’ dgl

NUNTAUNNIUBI NI AY (p < 0.05) tipT1IUATI TUMINEANNINYUILAAY U [dble
v Y v

26 Az UANINNGANINY 86.36 + 0.03, 83.19 = 0.06 AT 82.65 + 0.05 A1MTUNIINDAATIN
oA o A - a 2o g 4 o
30 lumsneasiaoiiosnieluiuael Tag lidns@uiingguy mineaassn 40 lumsneaiu
Y 9 2 1 2

az 10 asalaglimanseaas umaauiniutaznsneansan 70 lunsneaiuas 10 A4
= a g} Y ] o w A = ~ ' g} o A A
Tasunsnseauazauiinyulvuaudiey wenlSeumeunuinmsneasiaieludiufeld
9 = 1 1 o A gl v A L= a
i Tumsnasulasannnmsneanatedu luvaznnsneasivate Tun luiasau
3 v = 9 d' = 1 31 Y] a Z’ I} ]
hiulvinuun Taumsalasunilasand Iaesiuuinnmsneasivale T uuuu@uaingu v

~ 1A g Y] dyd A g} o y A < A
madasunlasn@dudiusrdsimadevaninveainiu 1a wiesnndlumsnlasunilainia
2’ % Aaan ] 1 Y Y =\ d‘ 1 =® a A
MenmYeathiuINMIUGAToRg sz lianuien Tratesisauina1ndimsinad
Y Y

) o Y 1 1 [~ [ a a %
asluhduszninInanudeuniaunaanndiadluemiszninaneananiseongiadu

Y
HAZUNIVIN®IMITUIGUIY (Fritsch, 1981; Yoon et al, 1987) MIIAATUATNIEITENIN



65

9

penlsgnouvesesiuigiu ([dkekoka ef al, 1997) HazMIgATUTINDIMITNOA (Che

Man et al., 1999)

Ldble 26. [he changes in £* value during repeated frying oil

AE value*
Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00°
5 42.92 +0.08" - -
10 66.96 % 0.05° 58.58 +0.03" 64.62 £0.13"
15 76.16 £ 0.04° - -
20 78.31 +0.04° 78.37 +0.02° 78.59 +0.02°
25 81.04 £0.16" - -
30 86.36 + 0.03° 81.09 + 0.02° 80.57 + 0.05"
40 - 83.19 £ 0.06° 82.32+0.09°
50 - - 82.50 +0.03'
60 - - 82.67 +0.02°
70 - - 82.65 + 0.05°

* Mean value + standard deviation (SD) from triplicate determinations.

“* Means in a column followed by different superscripts are significant differences (p < 0.05).

v Y 9 9
ﬂ"lﬁLﬂaEJLlLL‘]_]fl\iﬂ31Nﬁﬁﬂ1uﬁ1ﬁuﬂﬂﬂ°ﬁ1llﬁﬂ\ﬂu Ldble 27 WUNNINITNOA
1A 091 o/ a 091 L= A A dgl 1 A v o W A o 3
LL‘]J‘1JIlllmlll!13J‘L!LL§$L@]3J‘L!”I$J‘L!3J‘?1TI§JW‘LMLWiJEULlf’JEJNiJuEJﬁWﬂﬂJU (p < 0.05) Weduuaseluy
A 2 a 442 g A o a
NINDALNNVY ﬂ’ﬂllﬁl!ﬂ‘lelﬂJul‘]_]‘L!Wﬁllﬁnﬂﬂ"limllﬂ’ﬂhﬂ13ﬂl@ﬁﬁ18ﬂiﬂllﬂluuclullﬁiﬂﬁ-

4 aan a o LY d‘ ] g} CY d‘ Q‘ dgl
l“]ﬂ’)]’liﬂi]"lﬂ‘ﬂg]ﬂﬁfﬂWi’)ﬁl,llE’Jil’lilﬁ]ﬂ%uLLﬁzﬂTﬁﬁgﬁNmﬂdﬁﬁﬂ1N§$Lﬂ81uu1hu‘ﬂmuu1ﬂﬂlu

C%

[V qa./} < Y 2} A = 9 1 g} v A 1
(Moreira et al., 1996) ﬂmu%mu“lmmmu‘ﬂumiﬂim%zﬂ’mmusﬁluaﬂﬂmumuﬂ”luﬂﬁm

1 o w A d' = 9 Y d‘ )
miﬂim%mﬂmﬁmmyuﬁamamﬁaamﬁﬂﬂumﬁwmﬂmazauagﬂuﬂszmaaﬂ"lﬂ

v v 2
APAAADINTUITIB9I1UYDI Sanchez-Gimeno LlazANE (2008) NAnyINITNoANUNTI w1

a IR

Y v 4 Y
uzneNUAazUABANIUAL U NQUHYI 170 DR saITd ASIAL 3 UIN AAADAY 60 A3

U

S =)

Y 1 b4 1 4 1 4
Iﬂﬂ]’lhﬁﬂﬁ!aMﬂWﬁ’uigﬁlNﬂ’E'Jﬂ W‘]J’NiJﬂ'JHJ‘ViuﬂlﬁllﬁulﬁﬂﬁWﬂ’)uﬂ%ﬁiuﬂWEV]@@LWM%L!



66

[dble 27. [he changes in viscosity value during repeated frying oil

Viscosity value (cP)*

Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)
and turnover)

0 69.8 +0.8" 692 +0.4" 692 +0.4"
5 71.9+0.1° - -

10 733 +£03% 70.7+0.1° 71.8+0.3"
15 74.7 £ 0.0° - -

20 76.2 +0.8" 72.8+0.2° 72.8+0.3°
25 78.6 +0.8° - -

30 86.4+1.8" 73.2+0.0° 723+03"
40 - 743 +0.2° 73.5+0.2"
50 - - 73.7+02°
60 - - 73.7+02°
70 - - 74.4+0.2°

* Mean value + standard deviation (SD) from triplicate determinations.

“"Means in a column followed by different superscript are significant differences (p < 0.05).
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[dble 28. Lhe changes in total polar component during repeated frying oil

[ otal polar component (%)*

Number of frying 10 batch/day (filter
30 batch/day 10 batch/day (filter)

and turnover)
0 4.45 +0.43° 4.45 +0.43" 4.45 +0.43"
10 6.85 +0.26° - -
20 9.45+0.31° 8.46 + 0.68" -
30 20.1 = 0.42° - 9.86 +0.66"
40 - 10.89 + 0.98° -
50 - - 8.78 +0.73"
60 - - -
70 - - 12.02 £ 0.71°

* Mean value + standard deviation (SD) from triplicate determinations.

*“ Means in the same type of frying with different letters are significant differences (p < 0.05).
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Appendix Table B1. Appropriate sample weight for peroxide value analysis

Peroxide value (mg) Weight of sample (g)
0-12 5.0-2.0
12-20 2.0-1.2
20-30 1.2-0.8
30-50 0.8-0.5
50-90 0.5-0.3

11 : TUPAC (1979)
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2. IHU TLC (Thin-Layer Chromatography) IROUAY silica gel i1 0.25
a A 9 a a
HARAT VUIANIN 20 KFUAIAT X 817 20 LFUAINAT

Y 1
3. WIARUNANVIA 250 ml. BUAz NI WAL WY
= s 9
4. UNNDIUNT

5. 9293915 uIM5UUIA 50 ml.
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1. Silica gel 60 ¥1IA 0.063-0.200 HAAUAT Merck No. 7734
1 a = = 4 Aa A 4
2. Asazaenanszreil lasdeudmesuas laenadmes (87:13 viv)
3. nsaTuad Taweanosn (Molybdophosphoric acid) 10% azaie 1y
HPANDIOE
ad a d
ABMSINIITH
= Y o 2K o Qle 9 o
1. 191363 column A9 1A column BANUUIG (stand) Tugdaaniu
a'.l a [ 1 o qul 1 1
2. %4 silica gel 60 Y 25 nsulddnnes vntiuldasazaronauszing
a I'4 a o A Aaa 1
Wlasideudmesuaz laonadmes (87:13 vv) Uszuiar 80 Haaans AUAIBUNWAIIUNNA
Weso1me
o o a <3 1 e
3. hdddsuanantiesgalu column uda fosiuns Inasenved silica
S = A s 3 v Y = . A A v A '
gel 60 91MUUIUTA1AD column 1anTI0E 11AIVIAU silica gel 60 MaTon'3 Avvaqsuldaslu
U Y A A 3 9 a e
column uvua Yaseldarsazarely column TvasenvumaefisuaniiseuuHIVe silica
a o
gel 60 1182391/A 2187 column
' Y
4. 193890920819 18NN35 ¥ 2.5 + 1 n5U a9 luvIadalsuas (Volumetric
v a 9 1 a) = = 4 a A 4
flask) Y119 50 ml. UYSVUTMesAreaTazarenanszrinetl lasideudimesuas laenadmes
(87:13 v/v)
Y
5. Unlaasazaredlroe19115u 20 ml. a3lu column WvIAAUAANINTOIS
Y
1 I 1 1
1522010910 column  @IUHIITUAIUYOY nonpolar fraction 1ATENAITALANWNEAUTEHIN
a = = 4 a A 4 a Aaa Y qu’ a 9 1
Wlas@eudmasuaz lawnadmes (87:13 viv) 150 iadans 13 niuilanenilassasazaie
Y
§198191113714910 column 11aUMABVURA silica gel 60 UTLI 1 IFUANATIIADYNTU
asazanenauimson13a9lu column (52 39RIM T84 slica gel 11 column) IUNVALALIHAD
ATATANINANUUAINEN silica gel Pnodszinar USums lmaves column Iansazarelva
=
nuan1elu 60-70 WA
~ Y [ o & dy [
6. aguvanunanlniusoSUE1Taza1991n column FIaIUHVZTU polar
. a a A S ¥ a Aan 09/’ 2K a
fraction tANaNTaza1e laeiaomes 13 150 Naaans 3niudeneeqsuadlyly column v
[ Y =\
nua Y5ums 11aved column Wansazare lvavuaniely 60-70 Wi
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a5dsznouIna1s(%) = E-A x 100
E
Taeh
g’ u 1 %
A = UMMUNUDIAIU nonpolar fraction (NTN)
Y Y

E = ihwiinvesasazaneniniuly 20 Jaaans (A5w)

8. 15190 UUTLANTMNVINITUENAIE column 1asld TLC i1lasazate
' A J . Y} s |a 3 9 =
dauimiu polar i1 nonpolar fraction arenan IsWesudSuauanilos 3o spot @130 01Y

1 a) 1 { [} o\ J a
Tagldunauniniilas asuuuny TLC Adaun 1¥asazaronant las@endmosuas laena
= I'd an I v o d‘ ~ [ v o A A
DNBIUATATAUDTFAN (70:30:2 v/v) 1T UAMWIAIBIAADUN HadINAMIIazaAdeUNDIVeY
\ Y o o o A Aq Y o o Y
uRY TLC 1an iheanaindaiiazatamasuin Idasazareszmeovua aniuii ldanlsddne
Aa a Y p o ]
nsaluddlaveanosn 10% nazareluueanssod udnillszmedrenslianudeun
a o 1 @ 1 I~ 1

gaunilszuna 120-130 °C 911510990 spot VULHYU TLC Faou Tag spot Miduaan

Q U
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nonpolar fraction 9ztHluganay liufivne luvagidauiilu polar fraction Hanymziiunisen

' o

1aogAa 1N MU IVBIaIU nonpolar fraction VUIHY TLC
a d Y
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1. 1n3997AA1€ 8119 Hunter Lab 31 Color quest XT
ad a d
IEMIIATITH
A 44
1. 1A Power On N1A509 UPS
a A I o a 9 Y 4
2. 11l@ Power On @INFAAIUTIUATUVIUAT O
A ] ) Aq YA A A o 1 a
3. iolsngraenian szl 1Miaenna1e mode taon mode color NDIARAA
Tasmsdudanmiiiee
) Y
4. }1M3 standardization 1A304 A4
4.1 e “STDZ” vuntive
4.2 MUAUAANIATFIU (Black card) A1usiuFaa1uunuTuIng sphere

] Y
UatlszgnTos Mniududa OK vunihve



4.3 11up U Black card 990142914 Cell black (Cuvett) #9919 1a@2911-

Y v v Y
azaevsorhnauasluduruafednung Black card MIMTUAUAE OK UUNTI99 M99
witngniioe 4w

a @ 1 1 Y [ 1 o 1 d' 9 [ o ]
5. Suadee1alaly Cuvett a9 vE9a lud ML aNADINIT IR (A
= o AN Yo . 2 A v o A 9 o 1 @
@eanuN 1811015 Standardize) UailszginToe FUAEN READ DUHTNI0 A10619929nTAA1Y
[ H [ o I~ 1 o [ { o
Andeans (e ldsziilua L, a* nag b*) unnainiald

[T

] Y I
6. Wodugamsia duid CLEAR uaz EXIT tiieosngwiinvendn
7. Yaaind OFF dddudhunioa

8. 1A OFF MA3943 UPS

A2. MITanNNHUa (dan)ainin Sanchez-Gimeno ef al., 2008)
J
gunsal
A o A Ay '
1. 1A9939AAIUY UA Rheometer ¥11® Haake U Rheostress RS 75
ad a d
IEMIIAIIY
a 4 =] : 4 [ 1
1. WanTeudnTsunsuduiegueunios nsovzidoninlumiiie mpas
4 Y A
[ va o a 1 o a o < @ ll
Tagaa Tuiia dsgangiilueaihniugueumgl 25 esmisaiied danusiseulumsined
114249 0-300 50UABIUIN ()
2. M3 calibrate 1A503%1 Inalad8ldd 10619 (concentric cylinder) taziia
YU (probe) ISURINT calibrate
3. MiTaAled 19 uAee A ludredede lulSinaimnuynaledis Ta

HALIATUNNN shear rate 100 s
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1. 1N9939IAAE 811® Hunter Lab U Color Flex
as a d
ABMSIUATITH
a 4 a 4 1 o < o
1. WanTosnouiumes waziinglusunsudusegy Taevinisidon start >
program > HunterLab > Universal V3.73
o . A v 1 Ay 1A @ dy
2. 1119 calibrate 1AT09IAMAAIUNUTNIATIIU AT
Y
2.1 180 standardize HAAADAVUIA port 0.5 17
[ =t A o 9 A o w
2.2 MNUAUFNATTIUAM TAg19AUAR UL port
[ =t =) Y =) A Id!
2.3 MAHUTNOI TIUFY TagligadunuuHudegnanaid port
v Y
3. fuaa lunsda Taeiden active view uduaonmaanian aeil
3.1 scale 1a®n CIE Lab 1o 1#1n59930A18 115211 Hunter Lab (A103a'la
I~ 1
U1 L*, a* ag b*)
32 @enanassiauae (Mluminant)  HAZAIUAILETIDIIDI (MI
[luminant) 910U D65
3.3 129N0IAINITUDA (observer) 2 ° 130 10 °
3.4 UNAIAI81999 (ML:Iluminant) A NMFURITUUNAIS U ALLE
4. 13729819830 port 1%1lA3v04 port AN
a 4' ag YA
5. arhasev wen lviuaasunIuINMeUDN

A o 0 4 1 ' 3
6. 151 3ama Taeaen read sample LALTOIUATOIOIUA AT
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Appendix Table E1. Univariate analysis of variance of peroxide value, free fatty acid and

p-anisidine value in oil after frying various temperatures and times

Analysis DF 33 MS F

Peroxide Value Corrected Model 8 49.337 6.167 60.326**
Intercept 1 1315.671 1315.671 12869.729**
Temperature 2 45.694 22.847 223.487**
Time 2 2.613 1.306 12.779%*
Temperature x Time 4 1.030 0.257 2.518ns
Error 27 2.760 0.102
Total 36 1367.768

Free Fatty Acid Corrected Model 8 0.124 0.01547 8.192%*
Intercept 1 36.682 36.682 19427.771%*
Temperature 2 0.103 0.05160 27.329%**
Time 2 0.01923 0.009616 5.093%*
Temperature x Time 4 0.001313  0.0003283 0.174ns
Error 27 0.05098 0.001888
Total 36 36.857

p-Anisidine Value  Corrected Model 8 132.042 16.505 50.261**
Intercept 1 3221.242  3221.242 9809.092**
Temperature 2 62.925 31.462 95.807**
Time 2 77.146 38.573 117.460%*
Temperature x Time 4 15.217 3.804 11.584%*
Error 24 7.881 0.328
Total 33 3313.759

** = Significant different (p < 0.05).

ns = non significant different (p> 0.05).



Appendix Table E2. Univariate analysis of variance of color in oil after frying various

temperatures and times

Analysis DF 3S MS F

L* Corrected Model 8 2.699 0.337 13011.5%*
Intercept 1 242694 242694 9x 107+
Temperature 2 1.388 0.694 26775.6%*
Time 2 1.255 0.627 24201.1%*
Temperature x Time 4 0.0554 0.014 534.571**
Error 18 0.000467 0.000026
Total 27 242696

a* Corrected Model 8 10.520 1.315 13149.5%*
Intercept 1 705.538 705.538 7x 10%*
Temperature 2 8.888 4.444 44441 .4%*
Time 2 1.549 0.775 7745.81*%
Temperature x Time 4 0.0822 0.021 205.426**
Error 18 0.0018 0.0001
Total 27 716.059

b* Corrected Model 8 40.611 5.076 44214.0**
Intercept 1 69169.2 69169.2 6 x 10
Temperature 2 29.380 14.690 127947%*
Time 2 7.104 3.552 30937.1%*
Temperature x Time 4 4.127 1.032 8986.02%*
Error 18 0.00207 0.00011
Total 27 69209.8

** = Sjignificant different (p < 0.05).

ns = non significant different (p> 0.05).



Appendix Table E3.

Univariate analysis of variance of viscosity value in oil and fat content in

meat and skin chicken drumsticks after frying various temperatures and

times

Analysis DF sS MS F

Viscosity value Corrected Model 8 1.81x10° 23x10" 5.146%*
Intercept 1 0.131 0.131 3x 10%*
Temperature 2 528x10°  2.6x10" 6.005%*
Time 2 78x10° 39x10 8.891%*
Temperature x Time 4 501x107  13x107 2.8445ns
Error 18 7.92x10  44x10°
Total 27 0.131

Fat content in Corrected Model 8 3.708 0.463 2.197ns

meat Intercept 1 99.372 99.372 471.123%*
Temperature 2 1.115 0.557 2.643ns
Time 2 2.242 1.121 5.316ns
Temperature x Time 4 0.350 0.088 0.415ns
Error 9 1.898 0.211
Total 18 104.978

Fat content in skin ~ Corrected Model 8 186.370 23.296 18.790**
Intercept 1 16693.4 16693.4 13464.1%*
Temperature 2 31.238 15.619 12.598**
Time 2 143.419 71.710 57.838**
Temperature x Time 4 11.713 2.928 2.362ns
Error 9 11.159 1.240
Total 18 16890.9

** = Sjignificant different (p < 0.05).

ns = non significant different (p> 0.05).



Appendix Table E4. Univariate analysis of variance of chicken drumstick color after frying

various temperatures and times

Analysis DF 3S MS F

L* Corrected Model 8 183.775 22.972 28.852%*
Intercept 1 41567.7 41567.7 52208.1**
Temperature 2 113.111 56.556 71.033%*
Time 2 41.227 20.613 25.890%**
Temperature x Time 4 29.437 7.359 9.243%*
Error 18 14.331 0.796
Total 27 41765.8

a* Corrected Model 8 100.703 12.588 26.535%*
Intercept 1 5025.522 5025.52 10593.5%*
Temperature 2 77.953 38.976 82.160**
Time 2 5.863 2.932 6.179%*
Temperature x Time 4 16.888 4.222 8.899**
Error 18 8.539 0.474
Total 27 5134.764

b* Corrected Model 8 315.330 39.416 40.641%*
Intercept 1 13405.9 13405.9 138225%*
Temperature 2 249.229 124.614 128.487**
Time 2 37.272 18.636 19.215%*
Temperature x Time 4 28.829 7.207 7.431%*
Error 18 17.457 0.970
Total 27 13738.7

** = Sjignificant different (p < 0.05).

ns = non significant different (p> 0.05).
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