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ABSTRACT

The total phenolic content and DPPH scavenging activity of ethanolic extract
from nine herbs/spices, basil, sweet basil, kaffir lime leaf, garlic, shallot, turmeric, galangal,
fragrant screw pine leaf, and lemon grass before and after heating at 175 °C for 20 min were
investigated. The results showed that turmeric, pandanus, basil and shallot extracts improved the
antioxidant activity after heating. Therefore, these extracts were selected and added to
commercial palm oil at the concentration of 150, 500, 1000 ppm. Chemical and physical changes
of the oil were determined after heating at 175°C for 10, 20 and 30 min. It was found that palm oil
added with turmeric and pandanus extracts at any concentration could prevent free fatty acid,
peroxide, TBARS better than other treatments (p<0.05). However, palm oil added with shallot
extract had lowest viscosity value. In addition, color of the extract affected to L*, a*, b* of palm
oil both before and after heat treatments. Antioxidant activity of single extract and mixture of
turmeric and pandanus extracts (1:1) to prevent oil quality deterioration was also investigated.
Results revealed that using single extract could prevent peroxide value better than the mixture
extract, while using of mixture extract could retard TBARS better than single one. However, there
is no significant different in free fatty acid value in both mixture and individual extracts (p>0.05).
Therefore, turmeric extract, pandanus extract in form of single and mixture (1:1) at the
concentration of 150 ppm were added to frying oil and heated at 175 °C for 30 min before
subjected to fry the marinated chicken wings. The result showed that individual extract could
retard the peroxide value but could not TBARS and free fatty acid value (p>0.05) when compared
with the mixture. Moreover, frying oil added with only turmeric and mixture extracts after
repeated frying had higher rating score for color and appearance attributes compared with other
treatments. However, there was no significant difference in odor (frying oil), flavor (fried

chicken) and rancidity (both frying oil and fried chicken) scores in any treatment.
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Ugnsereendiaduaed luguidulaseniinaaeauamiaInsuinis A
v Y
Yaoans & nausd uaziloduAdv0991%13 (Shahidi er al, 1992) MiNAl Ao NFTIAFUVOI
Y a d? = ' aaa a @ . . £ g A v
luiiuerunadueusenii Ufnse1oe Inoondiadu (Autoxidation) Fuilugasuduueanis
=) aan a % 1 a aAan a % = 09:
inalgnseeendiaduas 1 Tasna lnmsinaljnseree Tnoendadudl 3 Yuaou (Jadhav ef al,
A
1995) A®
g.’l d' o e eie e I A 9 Aaaa ~ o [
1.1 Yumeumstvtiedii (nitiation) Huszezisuduvesljnse Tashnsa ludiu (RH) uanda
< a o L ~ A A Qo Aaaa Y ~
Wueyyaddsz (R ) Faluad gangil nie lavziluausaljnser deaumsi 1
[ )
RH + initiator — R +H (D)
g.’l A‘ o I a aaa 1 4
1.2 YunaUMSIANS1UIU (propagation) 11 uszezmsinalnsergnIsaeiilosveseyya
a Ay ¥ :;’ A o o aaa o a a g J = .
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R"+70, — ROO e ®)
ROO +RH —» ROOH+R" oo 3)
ROOH — s RO +OH oo @)
RO +RH — ROH+R oo (5)
OH +RH —> H,O+ R e (6)

g’J Qq’ . . I A a a o P 1 3 a Aa
1.3 TuneUTUGA (termination) 1Tuszoznandanaand liillueyyadasy Taveyyadasy
09/’ A a d? Qle J ~ v W Y a g A @ ] ~ )
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Ufnsenaely aseauns 7-9
[ ) [ ]
R +R — RR (7)
[ ] [ ]
R +ROO —> ROOR ... (8)

ROO +ROO. ~—> ROOR+0,  ocvereeeen ©)
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Figure 1. Generalized scheme for autoxidation of lipid

131 : Nawar (1996)
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msalfnseeendiaduvedluiy  dldinanmsuldsunlasvesguaniauay
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94A1)32noVYRI01%13 U Marlasuuilasd Wedura naw nausa gadeIniiu tagiilving
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mygaydodn nueeTUsAn (Nakatami and Tkeda, 1984) aatiumsldasdueongaduiaainio
rraem3nalgnseesndiaduved lvdudiwademsaanmsgaudeniy q szaemadouds ns
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manauiy viomalasumlasd swilunainilfnsereondiatu (Shahidi and Wanasundara,
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1996) Yanishieva-Maslarova (2001) lautisyiiavesansduesngiadusenilunguaie Al
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@ . a g . &£ o A A 1 a ~ o Y
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dvgmsdaueendiadulunquilldun  BHA, BHT, tocopherol 1ag PG &3

Tasearfradauanaly Figure 2
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Figure 2. Radical scavenger/hydrogen donor antioxidants
‘?'IN1 : Yanishieva-Maslarova (2001)
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degnaaueendatulunguilldun  quinones (Vitamin K, ubiquinone, OL-

tocopheryl quinone) Faf Tnsearradanaaaly Figure 3
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Figure 3. Electron-acceptor antioxidants

131 : Yanishieva-Maslarova (2001)
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3.3 Metal chelating agents wuasdudanian pro-oxidant ﬁgﬂuawaaﬁiwaﬂam N

aumsn 14

Mn"+ AH —» Mn'H ... (14)
Y Y
dedramsdudseendiatulunguillaun ascorbic acid, citric acid, tartaric acid,

EDTA, 1ta2 flavonoid 4% Insears1edauanaly Figure 4
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Figure 4. Metal chelating antioxidants

301 : Yanishieva-Maslarova (2001)

3.4 Singlet oxygen quencher 3231t lumsasuesndounogluglues singlet oxygen
< . % 1 4 ] o aaa Y % .
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1O2 +Car —» 3O2 +Car* — Car + thermal energy ................. (15)

Y 1 9 a v 1 dy 4 1 . .
m’aﬂwmimuaaﬂm%ualuﬂ’quu 1&un carotenoids (B-carotene, canthaxanthin,

lycopene, zeaxanthin 8¢ lutein) Fali Inseaedauanaly Figure 5

B-carotene
o VI \‘

Zeaxanthin
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canthaxanthin

Figure 5. Singlet oxygen quencher antioxidant
131 : Yanishieva-Maslarova (2001)
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3.5 Enzymatic peroxide destroyer Wuasdumsinaeendiatun1esssunantimnlgau
9 4 a [ 3 a a v A a
GL“LM”IL!’EN“H”I? L@ullglfll‘]JNGIfuﬂﬁ”lﬂJ”liﬂﬂ']JENﬂ”lilﬂﬂ’f)’f)ﬂ%m%uiﬂﬂﬂﬁlﬂﬂﬂu@@ﬂcﬁliluclugﬂ’f)‘léi;lja

daszwselalasimesoonlua Inegluzlnlidesldel§nse dsaunsi 16-18

ROOH+ 2GSH — ROH+ H,0 + GSS ......c....... (16)
[ ] L] SOD 3

0, + HO, — 0, + HO, ... (17)
catalase 3

2H,0, - 0, +2H,0 (18)

Y Y
dvgnmsiudseonsatulunguil  1dun  Glutathione peroxidese (GSH),

superoxide dimutase (SOD) LiQg catalase
a Y a U
4. VUAVIIA1IATHOOINBIAB U

4.1 MIFUATILY (Synthetic antioxidant)
nsdmeondasudunnziiionlFlue s Taoia U luvareq Uszme 14un
butylated hydroxylanisole (BHA), butylated hydroxyltoluene (BHT), propyl gallate (PG), octyl
gallate (OG) #1ag dodecyl gallate (DG) 88191570 sduoondindumaraiinuiuiy
UANFaY (lto er al, 1986) TuegiuUTinaii 1450 azluilogiudu Inafuinldauaulaly

A dgl o Y 1 A Y Y a @
LIDNURIFUANWNINVU mﬂﬂmmazﬂszmﬁaaﬂﬂgwmmwammmmﬂ%mimuaaﬂm%u
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Y v v Y v
wiadl (Table 1) FelSuaismuatidsziivmnnnlsnandus aaansosuldlunaaz ulu
(-7 l:' u

szaunilanany

v Aa A 4 1 1 % QsJ‘ a Y] { A [ [

Fua ANen (2535) nann msdudesndasunienlyiuuin 1dun BHA,

9Jq 9 1 dyw g’ % % a

BHT, TBHQ uaz PG watelszmeeyanaln demsmariinuiiniunas luiuludsuunnu
Yy 9 1 Y] ] 4 ] a 9Jq 9 - [ dyd
ANTUA AU 1FUBIANTOIMTHAZ TUEHTTOITN (FDA) oua 19 lgasnuiumailiies
il nse 1t la lulSunaanududu lunudesas 002 wie 200 awulududiu
d'i Y] u’d’ a o [ e’d' 9 a o Y a 1] 4 a di’
WeInnasdudieanFasudun e lslulSnamnizi lmnamsnaeiuguazinaiiio

onlunynaaeg

Table 1. Snapshot of some antioxidants regulated in CODEX Alimentarius, America, Australia and

New Zealand
Source Antioxidant Level

CODEX BHA, BHT and PG in fat emulsions mainly of 200 pg/g
type oil-in-water, including mixed and/or
flavoured products based on fat emulsions;
emulsions containimg less than 80% fat; and
margarine and similar products

USA BHA, BHT and PG in rendered animal fatora 100 pg/g individually or 200ug/g in
combination of such fat and vegetable fat combination with other antioxidants approved

for use

BHA,BHT, PG, OG and DG in margarine or 200 pg/g individually or in combination with
oleomargarine other antioxidants approved for use

Australia, BHT, PG, OG and DG 100ug/g

New Zealand  BHA in edible oils and oil emulsions 200ug/g

301 : Sin vazANE (2006)

4.1.1 Butylated hydroxyanisol (BHA) ¥ 2 11Uy Ao 2- tert-butyl-4-hydroxyanisol (2-BHA)
1aE 3-tert-butyl-4-hydroxyanisol (3-BHA) 14 1dafunansaaienmineaazey  eldiiufy

BHT, TBHQ %30 PG wiediulidinanniesnumsiuganisiamed Iagmmig BHA
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NauAD BHT uais1ea1131iiele BHA nuilsuiai FDA sviua (175 aauluduaiv) wauiu
[ o a 1 < § .
BHT 019k uns1evi 1¥inaasneuziSataziioden (Du and Li, 2008)
4.1.2 Butylated hydroxytoluene (BHT) H¥eFenmaniin 2,6-di-tertiary-butyl-p-cresol
%30 2,6-di-tertiary-butyl-4-metyl phenol 1% l@anaauAITHUBIMITNRALAYIY X150 193w
BHA, %38 PG
Al A A . . . Yo o
4.1.3 Propyl gallate (PG) WYDLTINNIUANI 3,4,5-trihydroxybenzoic acid 950 Tusiu
[ 1 a I Aa o o a I ) ] $ o
Fa7188  ugazinatiuasiszneusideudulansi liinauddmsoduruty  Faaziloaiu
1 Y
1A TaeMs1ANENTNIN chelating agent a4 liie lisaunvdesuveslany aswiniildun nsa
Fasn nsauoaneila uaz  @Fau 1Weld PG Jaufu BHA waz BHT liwalumisileadu
A Y
msitulaa
4.2 M15ANAINGIINBIA (Natural antioxidant)
] P Al 9y Aa 09; o 1
Anuazwa ldilse Teminogunmvesduilnn  Meduiluuvawwesmslsznon
phenolics, flavonoids, anthocyanins 481& carotenoids Tagn Igbal ttag Bhanger (2007) ANB NN
Y
U52anFAINANNAIAIVOIINUADANMIUAZIY (Refined, bleached, deodorized (RBD) sunflower
4 a Y] a g
oil) He@uasanammMUeaveInILiien 1agATIZHAT Antioxidant activity index (AAI), Free
fatty acid (FFA) content, Peroxide value (PV), Conjugated dienes (CD), Conjugated trienes (CT) ba1g
Thiobarbituric acid reactive substances (TBARS) WU a13aia91nnIeMeunaNuyudy 1,000,
1 1 Aa A I a o 1 3’ o ]
500 uaz 250 arnuluduain Hilszaniamlumsiuesdueengiaduuminiuaenniuas u
@n71 BHA 1ag BHT Nanudiudy 200 aruludvdiv ewdidu
¥aA1 NATDINT LAZOUTANG AU (2545) Anteenllsznoumaniivesasana
Yy A A 1 LA Lo s & A
wmueavedng lafdemaiin NMR Wunia1snqy flavonoid Ao luteotin 1Y upeA1lsz noudaiie
g
Wmadeugniaueyyaddse DPPH wuhiidszansnmand1 BHT Uszunm 4 1 dau Su
o a 4 a = a @
gazAae (2007) Knsansizrimlsuiavesarslseneviueaan anueainisolunissulavne
A a a o [ 4
LgaxﬂmammGlumiéfmawaaﬁiz@um W30 Inedn (black peppercorn) , @NIUNIINA (nutmeg) ,
Y
T5a8 (rosehip) , DUI¥Y (cinnamon) taz 1U883n1 U (oregano leaf) WUETANAINNBIHAHT
d Y a A I @ g a Aaaa a @
Aalsz Teminequamueddus Ina iiesnniluaisdudimsifal §nseeendadu lagais
ANADL Y IAUUDIDULIFY (cinnamon) 1uTUSooaz 50 Hpuantalumsdweyyaddasyluszuuy

2,2'-azino-bis(3-ethylbenzothiazolamine-6-sulfonic acid) (ABTS+), Oxygen Radical Absorbance
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_ o - - - A
Capacity (ORAC), ANuasalumsivlans vaziSmavesansiszneuilueadn qagaie

[ (% a 4 o [ . . ¢ o a 4
MEURUATANANNNSFUADUTIIAY  §1MFU Maisuthisakul HAZAME (2007) FINIMTUATIZH

=) a 9 a A dy A
msdsznovilueadn uazanuansolumsduoyyadasy vesiynwlowosszimalne 26
a =1 [ < [ 1 a =1 a o

e Umaas Uy Usuavesaisdszneuilueaan uazasdszneu arTrussdlu

Y] < VoA = o A (a 1 v A 9 @ =\
msanannwaseduimasnnmsind Tlsuaganhamsadan lanndnuazayulng uazdl
anuasalunmsdiueyyadasyluszuy 1,1- diphenyl-2-picrylhydrazyl radicals (DPPH)

Boskou (2006) ldajiunasvesensdulgnsereondiadusiniianianiag Table 2

Table 2. Source of polyphenol antioxidant derived from plants

Source Antioxidants
Fruits
Berries Flavanols hydroxycinammic acids,
hydroxybenzoic acids, anthocyanins
Cherries Hydroxycinnamicacids, anthocyanins
Blackgrapes Anthocyanins, flavonols
Citrus fruits Flavanones, flavonols, phenolic acids
Plums, prunes, apples, pears, kiwi Hydroxycinnamic acids, catechins
Vegetables
Aubergin Anthocyanins, hydroxycinnamic acids
Chicory, artichoke Hydroxycinnamic acids
Parsley Flavones
Rhubarb Anthocyanins
Sweet potato leaves Flavonols, flavones
Yellow onion, curly kale, leek Flavonols
Parsley Flavones
Beans Flavanols

Spinach Flavonoids, p-coumaric acid




Table 2. (Continued)

15

Source

Antioxidants

Flours

Oats, wheat, rice
Teas

Black, green
Alcoholic drinks

Red wine

Cider

Other drinks
Orange juice
Coffee
Chocolate
Herbs and spices

Rosemary

Sage

Oregano

Thyme

Summer savory

Ginger

Caffeic and ferulic acids

Flava-3-ols, flavonols

Flavan-3-ols, flavonols, anthocyanins

Hydroxycinnamic acids

Flavanols
Hydroxycinnamic acids

Flavanols

Carnosic acid, carnosol,

Rosmarinic acid rosmanol

Rosmarinic acid, Carnosol, Carnosic
acid, lateolin, rosmanul, rosmarinic acid
Rosmarinic acid, phenolic acids,
flavonoids

Thymol, carvacrol, Flavonoids, lubeolin
Rosmarinic, carnosol, carvacrol,
flavonoids

Gingerd

1301 : Boskou (2006)
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Table 3. Antioxidative compound of nine herbs/spices used in this experiment

Herbs/spices

Antioxidative compounds

References

Holy basil

Sweet basil
Kaffir lime leave
Garlic

Red onion

Turmeric

Galangal

Lemon grass

Pandanus

Usolic acid, Apigenin, Luteolin, Eugenol
Rosemarinic acid, Caffeic acid, Linalool, Eugenol
Citronella, B-carotene

Organosulfer compounds, Gallic acid
Organosulfer compounds (cysteine derivatives,
e.g. S-allyl cysteine sulfoxide.), Quercetin
Curcumin, Demethoxycurcumin,
Bisdemethoxycurcumin

Galangin, Kaempferide

Luteolin, Eugenol, Linalool, Menthol, Citronellal,
Camphor, Geraniol, Nerolidol, Methylheptenol,
Furfural, Methylheptonone

Caffeic acid, p-Coumaric acid, Quercetin

Bhargava and Sing (1981)
Liet al. (2007)

Murakami et al. (1995)
Kamel and Saleh (2000)
Shahidul et al (2008);
Lombard et al. (2005)

Tiwari (2006)

Samart (2007)

Mutsuda et al. (2003)

Nor et al. (2008)

Usolic acid

Apigenin
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Figure 6. Structure of antioxidative compound of nine herbs/spices used in this experiment
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Figure 7. Changes occurring during deep fat frying
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21

Peroxides

—— e —— — S
— — —

< 'Fof;ﬁeric material

Increasing value ————»
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- Butylated hydroxytoluene (BHT)
- Gallic acid

- Folin-Ciocalteu reagent
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Sodium carbonate
2, 2-diphenyl-1-picrylhydrazyl radical (DPPH)
Absolute methanol

Distilled water

) [ a J 3’ %
2.3 ﬁ1ilﬂﬁﬁ1‘ﬁiﬂﬂ13’3lﬂ31$‘ﬁﬂﬂ!ﬂ1wu1uu

u

aell
Q

Butylated hydroxytoluene (BHT)
Acetic acid

Chloroform

Potassiumiodide solution
Sodiumthiosulphate solution 0.01 N
Starch solution 1%
Sodiumhydroxide solution 0.01 N
Ethanol 95%

Phenolphthalein indicator
Thiobarbituric acid solution (TBA)
Trichloroacetic acid (TCA)

0.24 N Hydrochloric acid

Distilled water

razqunsel

Spectrophotometer (UV-16001, SHIMADZU, Kyoto, Japan)
Homogenizer (PT-MR 2100, Polytron Kinematica AG, Littau-Lucerne,
Switzerland)

Oil bath (Daihan LabTech CO., LTD, Korea)

Water bath (W350, Memmert, Schwabach, Germany)

Blender (Imarflex IF-300, India)

Hot air oven (Memmert, Schwabach, Germany)

Air dryer (MR CORDON, Bangkok, Thailand)

Magnetic stirrer (D-79219, IKA-WERKE, Germany)

Centrifuge (RC-5B plus, Sorvall, Norwalk CT, USA)

Evaporator (Aspirator A-3S, EYELA, Tokyo, Japan)
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- Hotplate (HW-116A2, House worth, Chaina)
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Table 4. Nine herbs/spices used in this experiment
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Zingberaceae Curcuma longa L. Ka-min Turmeric Rhizome
Zingberaceae Alpinia galanga Linn. Kha Galangal Rhizome
Graminae Cymbopogon citrates D.C. Ta-khrai Lemon grass Stem
Pandanaceae Pandanusa amarylifolius Roxb.  Toey Pandanus Leaf
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Table 6. Characteristics of initial palm oil before heating

Parameter mean+sd.
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Table 7. Effect of heat treatment on free fatty acid value of palm oil added with BHT and

herb/spice extracts

Free fatty acid value (%)

Treatment
Heating time
Herbs/spices Concentration of

extract (ppm) 10 min 20 min 30 min
Control - 0.13+0.00A,a 0.13+0.01A,a 0.13+0.01AB,a
BHT 150 0.14+0.01AB,a 0.14+0.01A,a 0.14+0.01BC,a

150 0.21+0.02C,b 0.18+0.01B,b 0.11+0.00A,a

Pandanus 500 0.21+0.02C,b 0.20+0.01BC,b 0.15+0.02C,a

1000 0.16+£0.01B,a 0.20+0.01C,b 0.21+£0.01D.b

Control - 0.13+0.00A,a 0.13+0.01BC,a 0.13+£0.01A,a
BHT 150 0.14+0.01A,a 0.14+0.01C,a 0.14+0.01AB,a
150 0.19+0.01B,c 0.11+0.01A,a 0.14+0.01AB,b

Basil 500 0.19+0.01BC,b 0.12+0.01AB,a 0.13+£0.01A,a

1000 0.21+£0.01C,b 0.15+0.01D,a 0.15+£0.01B,a

Control - 0.13+0.00C,a 0.13+0.01C,a 0.13+0.01B,a

BHT 150 0.14+0.01C,a 0.14+0.01C,a 0.14+0.01B,a

150 0.08+0.02A,a 0.08+0.01B,a 0.07+£0.01A,a

Turmeric 500 0.10+0.02B,b 0.07+0.01AB,a 0.07+£0.01A,a

1000 0.10+0.00B,b 0.074£0.01A,a 0.06+£0.01A,a

Control - 0.13+0.00A,a 0.13+0.01A,a 0.13+0.01A,a
BHT 150 0.14+0.01AB,a 0.14+0.01A.a 0.14+0.01AB,a
150 0.13+0.02A,a 0.13+0.01A,a 0.13+0.02AB,a

Shallot 500 0.13+0.01A,a 0.15+0.01B,b 0.15+0.00B,b
1000 0.16+£0.01B,a 0.15+0.01B,a 0.15+£0.01AB,a

A-C, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 8. Effect of heat treatment on peroxide value of palm oil added with BHT and herb/spice

extracts
Peroxide value (meq of peroxide/kg of oil)
Treatment
Heating time
Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min
Control - 5.18+0.06A,b 4.88+0.26A,b 3.65+0.33B,a
BHT 150 4.44+0.38A,b 4.81+0.16A,b 3.09+0.19B,a
150 6.50+0.29B,¢c 5.08+0.08A,b 1.65+0.35A,a
Pandanus 500 6.96+0.05B,¢c 6.04+0.07B.,b 1.57+0.52A,a
1000 5.134£0.82A,b 5.76+0.39B,c 1.98+0.38A,a
Control - 5.18+0.06B,b 4.88+0.26A.b 3.65+0.33B,a
BHT 150 4.44+0.38A,b 4.81+0.16A,b 3.09£0.19A,a
Basil 150 5.68+0.49BC,b 6.07+0.29B,b 4.36+0.08C,a
500 5.83+0.18CD,b 6.13+0.0B,b 4.134£0.19C,a
1000 6.3240.36D,b 5.88+0.39B,b 4.1540.37C,a
Control - 5.18+0.06C,b 4.88+0.26B,b 3.65+0.33C,a
BHT 150 4.44+0.38B,b 4.81+0.16B,b 3.0940.19C,a
150 2.71£0.23A,b 2.71£0.37Ab 1.01£0.27A,a
Turmeric 500 5.63+0.2C,b 2.50+0.34A,a 2.02+0.19B,a
1000 6.35+0.42D,c 2.63+0.01A,b 1.70+0.53B,a
Control - 5.18+0.06C,b 4.88+0.26B,b 3.65+0.33C,a
BHT 150 4.44+0.38AB,b 4.8140.16B,b 3.09+0.19B,a
150 4.72+0.25B,c 3.86+0.36A,b 3.09+0.22B,a
Shallot 500 4.16£0.14A ¢ 3.48+0.09A,b 3.13+0.13B,a
1000 4.52+0.16AB,bc 3.62+0.04A,b 2.61£0.05A,a

A-C, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 9. Effect of heat treatment on TBARS value of palm oil added with BHT and herb/spice

extracts
TBARS (mg of malonaldehyde/kg of oil)
Treatment —
Heating time
Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min

Control - 5.18+0.63A,a 6.04+0.42Aa 6.29+0.61C,a

BHT 150 6.62+0.3A,a 7.85+0.69BC,b 6.23+0.62C,a

150 14.14£0.13B,¢c 9.37+1.26C,b 1.4240.23A,a

Pandanus 500 12.18+1.89B,c 6.72+0.71AB,b 2.55+0.39B,a

1000 21.51+0.42C,c 17.69+1.25D,b 2.73+0.73B,a

Control - 5.18+0.63A,a 6.04+0.42Aa 6.29+0.61A,a

BHT 150 6.62+0.3AB,a 7.85+0.69B,b 6.234£0.62A,a
Basil 150 7.59+0.34B,b 6.84+0.56AB,a 10.71+£0.25B,¢c
500 12.66+0.98C,b 10.54+0.45C,a 13.50+0.58C.b

1000 16.01+1.63D,b 13.63+0.77D,a 12.2040.95D,a

Control - 5.18+0.63A,a 6.04+0.42A a 6.29+0.61B,a

BHT 150 6.62+0.3AB,a 7.85+0.69BC,b 6.23+0.62B,a
150 8.13£1.70BC,b 6.46+0.47A.b 2.34+0.20A,a

Turmeric 500 9.09+0.07C,c 7.42+0.18C,b 2.80+0.12A,a
1000 9.58+0.90C,c 8.46+0.3B.b 2.8140.59A,a

Control - 5.18+0.63AB,a 6.04+0.42A a 6.29+0.61A,a
BHT 150 6.62+0.3BC,a 7.854+0.69A,b 6.23+0.62A,a

150 4.42+1.20Aa 7.16£2.09A,ab 8.64+0.9B.b

Shallot 500 5.3240.67C,a 5.41£1.60A,a 5.41+1.00A,a
1000 7.79+0.777AB,a 6.19+0.29A,a 7.37+2.14AB,a

A-D, Means within a column of each extract with different letters are significantly different (P < 0.05).

a-c, Means within a row with different letters are significantly different (P < 0.05).
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Table 10. Effect of heat treatment on viscosity value of palm oil added with BHT and herb/spice

extracts
Viscosity value (cp)
Treatment
Heating time
Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min

Control - 87.67+0.06C,a 88.30+0.00B,b 89.17+0.06A ¢
BHT 150 86.87+0.06B.b 86.50+0.00A,a 89.27+0.06B,c
150 87.83+0.15D,a 88.70+0.10D,b 90.50+0.00D,c
Pandanus 500 88.70+0.00E,b 88.43+0.06C,a 90.0340.06C,c
1000 85.90+0.00A,a 91.30+0.10E,b 91.9340.06E,c

Control - 87.67+0.06D,a 88.30+0.00D,b 89.17+0.06GD,¢c
BHT 150 86.87+0.06C,b 86.50+0.00A,a 89.27+0.06D,¢
150 85.77+0.12Aa 86.57+0.06A,b 87.97+0.06B,c
Basil 500 86.67+0.12B,a 87.20+0.00C,b 89.03£0.12C,c
1000 86.80+0.00BC,a 86.93+0.15B,a 87.23+£0.12A,b
Control - 87.67+0.06E,a 88.30+0.00D,b 89.17+0.06B,c
BHT 150 86.87+0.06D,b 86.50+0.00B,a 89.27+0.06C,c
150 86.60+0.00C,b 86.33+0.06A,a 89.80+0.00E,c
Turmeric 500 84.93+0.06B,a 87.47+0.06C,b 89.50+0.00D,c
1000 83.73+0.12Aa 86.57+0.06B,b 89.00+0.00A,¢
Control - 87.67+0.06E,a 88.30+0.00D,b 89.17+0.06D,¢c
BHT 150 86.87+0.06D,b 86.50+0.00C,a 89.27+0.06D,¢
150 84.17+0.06B,a 85.63+0.06B,c 85.23+£0.06A,b
Shallot 500 83.90+0.10A,a 85.57+0.06B,b 85.73+0.06C,c
1000 84.50+0.10C,a 84.53+0.06A.b 85.43+0.06B,c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Figure 10. Color of selected herb/spice extracts (a = Pandanus, b = Basil, ¢ = Turmeric, d =

Shallot)
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Table 11. Color of herb/spice extracts

Herbs/spices extract L* a* b*

Turmeric 38.83+0.18C 37.81+0.10C 66.25+0.26D
Shallot 65.21+£0.09D -7.53+0.03A 36.42+0.11C
Pandanus 1.20+0.22B 2.80+0.14B 1.16£0.22A
Basil 0.92+0.10A 2.81+0.31B 1.5240.26B

A-D, Means within a column with different letters are significantly different (P < 0.05)
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Table 12. Effect of heat treatment on lightness value (L*) of palm oil added with BHT and

herb/spice extracts
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Treatment

Lightness value (L*)

Heating time

Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min

Control - 98.3240.01D,c 98.20+£0.01D,b 98.12+0.01D,a
BHT 150 98.39+0.00E,c 98.37+0.01E,b 98.22+0.01E,a
150 88.72+0.02C,c 86.56+0.03C,b 78.61+0.01C,a
Pandanus 500 73.22+0.01B,c 66.39+0.01B,b 63.04+0.02B,a
1000 59.4440.03A,c 41.47+0.01A,b 40.82+0.00A,a
Control - 98.3240.01D,c 98.20+£0.01D,b 98.12+0.01D,a
BHT 150 98.39+0.00E,c 98.37+0.01E,b 98.22+0.01E,a

150 82.63+0.01C,c 81.00+0.02C,b 77.05+£0.0C,a
Basil 500 65.13+0.01B,¢c 65.05+0.00B,b 64.35+£0.01B,a
1000 49.06+0.00A,¢c 46.38+0.01A.b 26.06+0.04A,a
Control - 98.32+0.01C,c 98.20+£0.01D,b 98.12+0.01D,a
BHT 150 98.3940.00C,c 98.37+0.01E,b 98.22+0.01E,a
150 95.67+0.01B,a 95.7440.01C,b 95.74+0.02C,b
Turmeric 500 93.54+0.3A,a 94.55+0.01B,c 93.95+0.00B,b
1000 93.57+00.03A,¢c 93.52+0.00A,b 93.36+0.01A,a
Control - 98.3240.01D,c 98.20+0.01D,b 98.12+0.01D,a
BHT 150 98.39+0.00E,c 98.37+0.01E,b 98.224+0.01E,a
150 97.3840.00C,c 97.2440.00C,b 96.54+0.00C,a
Shallot 500 97.30+0.00B,¢c 95.914+0.01B,b 94.73+£0.01B,a
1000 96.80+0.01A,¢c 95.03+0.01A,b 93.20+0.01A,a

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 13. Effect of heat treatment on redness value (a*) of palm oil added with BHT and

herb/spice extracts

Redness value (a*)

Treatment
Heating time
Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min
Control - -7.84+0.01D,¢c -8.05+0.01B.,b -8.10+0.01A,a
BHT 150 -8.02+0.01C,c -8.10+0.00A,b -8.11£0.01A,a
150 -10.60+0.02A,a -7.48+0.00C,b -5.55+0.02B,¢c
Pandanus 500 -9.10+0.01B,a -4.29+0.01D,b 0.95+0.00C,c
1000 -6.91+0.02E,a -0.25+0.01E,b 4.49+0.02D,c
Control - -7.84+0.01D,¢c -8.05+0.01B,b -8.10+0.01A,a
BHT 150 -8.02+0.01E,c -8.10+0.00A,b -8.11£0.01A,a
Basil 150 -14.294+0.02A,a -4.20+0.01C,b -2.45+0.01B,c
500 -9.74+0.01B,a 0.3140.00D,b 2.41+£0.0C,c

1000 -8.9840.0C,a 0.37+0.02E,b 6.54+0.03D,c

Control - -7.84+0.01D,¢c -8.05+0.01C,b -8.10+0.01CD,a
BHT 150 -8.02+0.01C,c -8.10+0.00D,b -8.11£0.01C,a

Turmeric 150 -13.33+0.01A,a -13.05+0.01A,b -12.92+0.01A,¢c
500 -11.00+0.13B,a -10.57+0.01B.b -9.93+0.01B,¢c
1000 -8.02+0.01C,b -7.67+0.01E,c -8.09+£0.01D,a
Control - -7.84+0.01B,c -8.05+0.01B,b -8.10+0.01A,a
BHT 150 -8.02+0.01A,c -8.10+0.00A,b -8.11£0.01A,a
Shallot 150 -7.57+0.01D,a -7.544+0.04C,a -7.16+0.01B,b
500 -7.15+0.01E,a -6.67+0.01D,b -6.00+0.00C,c
1000 -7.63+0.01C,a -5.91+0.01E,b -5.11£0.00D,¢c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 14. Effect of heat treatment on yellowness value (b*) of palm oil added with BHT and

herb/spice extracts

Yellowness value (b*)

Heating time

Herbs/spices Concentration of
extract (ppm) 10 min 20 min 30 min

Control - 44.15+0.01B,b 44.33+0.00A,c 43.68+0.02A,a
BHT 150 43.60+0.01A,a 44.61+0.01B,¢c 43.73+0.01A,b
150 86.45+0.06C,b 88.20+0.05D,c 80.75+0.04C,a

Pandanus 500 94.44+0.02E,c 92.91£0.15E,b 90.33+£0.02D,a
1000 91.7440.06D,c 69.12+0.02C,b 68.37+0.09B,a

Control - 44.15+0.01B,b 44 .33+0.00A,¢c 43.68+0.02A,a
BHT 150 43.60+0.01A,a 44.61+0.01B,c 43.73+0.01A,b
150 93.8840.02D,c 87.41+0.02D.b 84.10+0.05C,a

Basil 500 97.63+0.02E,c 96.51+0.03E,b 94.50+0.06D,a
1000 75.07+£0.04C.b 80.74+0.09C,c 44.47+0.11B,a

Control - 44.15+0.01B,b 44 .33+0.00A,¢c 43.68+0.02A,a
BHT 150 43.60+0.01A,a 44.61+0.01B,¢c 43.73+£0.01B,b
150 90.2940.02C,a 91.7340.00C,c 90.43+0.04C,b
Turmeric 500 100+0.27D,a 102.69+0.02D,c 101.33+0.04D,b
1000 111.83+0.07E,c 111.37+0.02E,b 108.57+0.03E,a

Control - 44.15+0.01B,b 44 .33+0.00A,¢c 43.68+0.02A,a
BHT 150 43.60+0.01A,a 44.61+0.01B,¢c 43.73+£0.01B,b

150 45.27+0.02D,a 45.31+0.01C,b 45.62+0.01,¢

Shallot 500 45.95+0.02E,a 46.36+0.01D,b 47.08+0.01D,c
1000 45.23+0.01C,a 48.13+0.02E,b 49.09+0.01E,c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 15. Effect of heat treatment on AE value of palm oil added with BHT or herb/spice extracts

Total color different (AE)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)

Control - 1.69+0.01A.b 1.73+0.00A ¢ 1.64+0.01B,a
BHT 150 1.70+£0.00A,b 1.72+0.01A,¢c 1.58+0.00A,a
150 44.03+0.06D,b 46.18+0.04E,c 42.44+0.03F,a

Pandanus 500 57.04+0.02H,a 59.28+0.121,b 59.67+0.02J,¢c
1000 62.47+0.03J,a 63.79+0.00K,b 64.78+0.03L,¢c
150 53.24+0.02F ¢ 47.55+0.02F,b 46.19£0.04G,a
Basil 500 59.45+0.021,a 63.40+0.02J,¢ 62.42+0.05K.,b
1000 63.89+0.02K,a 65.20+0.05L,b 74.89+0.04N,¢c

150 46.92+0.02E,a 48.31+0.00G,c 47.00+0.03H,b

. 500 56.52+0.24G,a 59.06+0.02H,¢ 57.74+0.041,b

Turmeric

1000 68.160.06L,c 67.71£0.02M,b 64.95+0.03M,a

150 2.67+0.01B,a 2.84+0.00B,b 3.55+0.01C,c

Shallot 500 3.11+£0.01C,a 4.50+0.01C,b 5.98+0.01D,c

1000 3.18+0.01C,a 6.38+0.01D,b 8.54+0.01E,c

A-N, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 16. Effect of heat treatment on free fatty acid value of palm oil added with BHT or mixture

of turmeric and pandanus extract (1:1)

Free fatty acid value (%)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)
Control - 0.13+£0.00C,a 0.13+0.01B,a 0.13+0.11B,a
BHT 150 0.14+£0.01D,a 0.14+0.01B,a 0.14+0.01B,a
150 0.07+0.00A,a 0.08+0.0A,b 0.08+£0.01A,b
*Mixture 500 0.07£0.01AB,a 0.08+£0.01A,ab 0.09+0.01A,b
1000 0.08+£0.01B,a 0.08+£0.01A,a 0.08+£0.00A,a

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 17. Effect of heat treatment on peroxide value of palm oil added with BHT or mixture of

turmeric and pandanus extract (1:1)

Peroxide value (meq of peroxide/kg of oil)

Treatment
Heating time
Herbs/spices Concentration
10 min 20 min 30 min
of extract (ppm)

Control - 5.18+0.06D,b 4.88+0.26Cb 3.65+0.33C,a
BHT 150 4.44+0.38C,b 4.8140.16C,b 3.09+0.19B,a

150 4.72+0.04C,b 3.06+0.29A,a  2.64+0.22AB.a
*Mixture 500 3.26+0.13B,a 3.89+0.22B,b  2.86+0.40AB,a

1000 2.90+£0.15A,a 3.3540.39Ab 2.48+0.14A,a

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 18. Effect of heat treatment on TBARS value of palm oil added with BHT or mixture of

turmeric and pandanus extract (1:1)

TBARS (mg of malonaldehyde/kg of oil)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)
Control - 5.1840.63AB,a  6.04+0.42C,a 6.29+0.6C,a
BHT 150 6.62+0.39B,a 7.85+0.69D,b 6.23+0.62C,a
150 5.03£0.43Ab 1.69+0.47A,a 1.34+0.25A,a
*Mixture 500 5.59+£0.82AB,c  2.51+0.35A,b 1.43+£0.23A,a
1000 6.67+0.50B,b 4.46+0.6B,a 3.9140.11B,a

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 19. Effect of heat treatment on viscosity value of palm oil added with BHT or mixture of

turmeric and pandanus extract (1:1).

Viscosity value (cp)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)
Control - 87.67+0.06E,a 88.30+0.00E,b  89.17+0.06D,c
BHT 150 86.87+£0.06D,b 86.50+£0.00D,a  89.27+0.06E,c
150 84.70+0.00C,a 84.80+0.00A,b  84.93+0.00A,c
*Mixture 500 83.90+0.00A,a 85.83+0.06C,b  86.87+0.06C,c
1000 84.40+0.00B,a 85.50+0.00B,b  85.87+0.06B.c

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 20. Color of selected herb/spice extracts

Herbs/spices extract L* a* b*

Turmeric 38.83+0.18C 37.81+0.10C 66.25+0.26C
Pandanus 1.20+0.22B 2.80+0.14B 1.16+£0.22B
*Mixture 0.27+0.04A 0.96+0.09A 0.23+0.09A

* Mixture of pandanus and turmeric extracts (1:1)

A-C, Means within a column with different letters are significantly different (P < 0.05).
Table 21. Effect of heat treatment on lightness value (L*) of palm oil added with BHT or mixture

of turmeric and pandanus extract (1:1)

Lightness value (L*)
Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)
Control - 98.32+0.01D,c 98.20+0.01D,b 98.12+0.01D,a
BHT 150 98.39+0.00E,c 98.37+0.01E,b 98.22+0.01E,a
150 93.02+0.01C,c 92.70+0.00C,b 87.324+0.14C,a
*Mixture 500 84.48+0.00B,c 84.31+0.02B,b 70.98+0.07A,a
1000 73.96+0.01A.b 74.04+0.00A,¢c 73.27+0.05B,a

* Mixture of pandanus and turmeric extracts (1:1)

A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 22. Effect of heat treatment on redness value (a*) of palm oil added with BHT or mixture

of turmeric and pandanus extract (1:1)

Redness value (a*)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)
Control - -7.84+0.01C,c -8.05£0.01C,b  -8.10+0.01A,a
BHT 150 -8.02+0.01B,c -8.10£0.00B,b  -8.11+0.01A,a
150 -11.7140.01A,a  -11.75+£0.00A,a -7.72+0.07B,b
*Mixture 500 -4.31+0.01D,b -4.55+0.01D,a  -4.564+0.00C,a
1000 3.28+0.01E,c 2.95+0.01E,a 3.23+0.01D,b

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 23. Effect of heat treatment on yellowness value (b*) of palm oil added with BHT or

mixture of turmeric and pandanus extract (1:1)

Yellowness value (b*)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)

Control - 44.15+0.01B,b 44.33+0.00A,c 43.68+0.02A,a
BHT 150 43.60+0.01A,a 44.61+0.01B,c 43.73+0.01A,b

150 90.724+0.06C,a 91.18+0.03C,b 94.23+0.08B,c
*Mixture 500 104.20+0.02D,c  101.26+0.02D,b  100.52+0.04C,a

1000 107.64+0.09E,c  103.19+0.08E,b  101.65+0.03D,a

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a—c, Means within a row with different letters are significantly different (P < 0.05)
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Table 24. Effect of heat treatment on AE value of palm oil added with BHT or mixture of

turmeric and pandanus extract (1:1)

Total color different (AE)

Treatment
Heating time
Herbs/spices Concentration of
10 min 20 min 30 min
extract (ppm)

Control - 1.69+£0.01A,b 1.73+£0.00A,c 1.64+£0.01A,a
BHT 150 1.70+£0.00A,b 1.72+0.01A,c 1.58+0.00A,a
150 47.46+0.05B,a 47.97+0.03B,b  51.49+0.05B,c
500 62.21+0.02C,b 59.40+0.02C,a  64.65+0.06D,c

*Mixture
1000 69.49+0.08D,¢ 65.35+£0.07D,b  64.32+0.01C,a

* Mixture of pandanus and turmeric extracts (1:1)
A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Table 28. Sensory scores of repeated frying oil
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Number of frying

Attribute

1 2 3 4
Color
Control 6.73£1.94A,b 6.83+1.42A,b 6.63£1.87A,b 5.53+£1.57Aa
BHT 7.07+1.44A,a 7.37+1.30AB,a 7.10+£1.75A,a 6.77+1.41BC,a
Pandanus 7.17£1.34Aa 6.83+1.44Aa 6.53+1.78A,a 6.40+1.71B,a
Turmeric 7.13£1.22A,a 7.13+£1.31AB,a 6.93£1.28A,a 6.97+1.30BC,a
Mixture 7.30+£1.42A,a 7.57+0.86B,a 7.10+1.27A,a 7.37+1.00C,a
Odor
Control 5.67£1.97A,a 6.07+£1.96Aa 5.83+1.86A,a 5.30+2.05A,a
BHT 6.03£1.97A,a 6.17£1.58A,a 5.80+£1.52A,a 5.97+1.75Aa
Pandanus 6.57£1.70A,a 6.53+£1.68A.a 5.93+1.86A,a 5.73+1.74A.a
Turmeric 5.77£2.14A,a 6.17+1.78A,a 6.03+1.90A,a 5.87+1.48A,a
Mixture 6.30+1.24A,a 6.23+1.52A,a 6.37+£1.96A,a 5.97+1.69A,a
Overall liking
Control 6.27+1.39A.a 6.17+2.07A,a 5.93+1.96A,a 5.60+1.63A,a
BHT 6.87+1.36A,a 6.13+1.48A.a 6.47+1.76A,a 6.00+£1.95AB,a
Pandanus 6.43+1.52A,a 6.30+1.68A,a 6.47+1.68A,a 6.43+1.72AB,a
Turmeric 6.17£1.95A,a 6.60+1.52A,a 6.40+1.79A,a 6.63+1.33B,a
Mixture 6.43+1.48A,a 6.67+£1.49A,a 6.53+1.63A,a 6.53+1.4B,a

A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Figure 17. Effect of heating cycles on rancidity scores of repeated frying oil
* Score of rancidity level (3 = high, 2 = medium, 1 = low, 0 = non detect)
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Table 29. Sensory scores of fried chicken

Number of frying

Attribute

1 2 3 4
Color
Control 7.37+£0.81A,bc 7.47+0.33B,c 6.73£1.05A,b 5.23+£1.92A,a
BHT 7.43+1.14A ¢ 6.37£1.56A.b 6.97£1.13A,bc 4.93£1.87Aa
Pandanus 7.80+£0.96A,¢c 7.57+£1.07B,bc 7.10£1.12A,b 5.63£1.79A,a
Turmeric 7.57+0.68A,b 7.63£1.13B,b 7.63+0.72B,b 6.93+1.23B,a
Mixture 7.80+0.76A,b 7.13£1.14B,a 7.73£0.91B,b 6.93+1.14B,a
Flavor
Control 7.40+0.77A,b 7.60£1.19A,b 7.10£1.09A,b 5.97£1.47A,a
BHT 7.07£1.51A,bc 7.40+0.81A,¢c 6.57£1.72A,ab 5.93+1.78A,a
Pandanus 7.50+1.01A,b 7.30+0.92A,b 7.30+0.70A,b 6.33+1.37AB,a
Turmeric 7.17£1.02A,ab 7.53£1.01A,b 6.73£1.96A,a 6.53+1.48AB,a
Mixture 7.63+£0.76A,b 7.27+1.14A,ab 7.00£1.44A,ab 6.83+1.58B,a
Overall liking
Control 7.13+£0.90A,b 7.07£1.11A,b 6.30+£0.92A,a 6.10£1.65A,a
BHT 7.07+1.46A.b 7.03£1.00A,b 6.83+1.26AB,ab 6.40+0.81AB,a
Pandanus 7.03+1.03A,a 7.00+1.17A,a 7.13+1.12B,a 6.93+0.91B,a
Turmeric 7.37+0.93A,a 7.20+0.93A,a 6.93+1.76AB,a 6.90+1.21B,a
Mixture 7.27£0.79A,a 7.07£0.91Aa 7.00+1.26AB,a 6.97+1.03B,a

A-D, Means within a column with different letters are significantly different (P < 0.05)

a-c, Means within a row with different letters are significantly different (P < 0.05)
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Figure 18. Effect of heating cycles on rancidity scores of fried chicken

* Score of rancidity level (3 = high, 2 = medium, 1 = low, 0 = non detect)
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Appendix Table 1. Moi [tiire content|_of nine herb [ﬂﬂce Lafter incubated at 50 °C for 24-28 hr.

Herb mce ] %Moi [tiire content
Balil 9.78+0.10

Sweet balil 10.23+0.22
Kaffir lime leald 8.48+0.25

Garlic 8.06+0.28

Red onion 9.15+0.01
Turmeric 8.75+0.25
Galangal 10.91+£0.28

Lemon gra [ 8.39+0.10
Pandanul | 8.800.02

Appendix Table 2. Solid content Lof lelected herb/ @ice extract| |

Herb /Ipice [ éxtract Solid content (ppm)
Balil 38333

Red onion 46724

Turmeric 73833.3

Pandanul_| 45166.7

Mixture of pandanu _dnd turmeric 68600
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Appendix Table 9. Rancidity [cbre of repeated frying oil
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Number of frying
Treatment
1 2 3 4
Control 1.10+1.21BC,a 1.30+1.06B,a 1.10+0.96A,a 1.63+1.03A,a
BHT 1.33+0.99C,a 1.13£1.07AB,a 1.13+£0.94A,a 1.40£1.10A,a
Pandanu|_| 0.53+0.68A,a 0.90+1.06AB,ab  0.97+0.85A,ab 1.27+1.08A.b
Turmeric 0.77+1.04AB.,a 1.03+0.81AB,a 1.10+1.18A,a 1.30+0.88A,a
Mixture 0.63+0.85AB,a 0.67+£0.84A,ab 1.17+0.95A.b 1.17+1.09A,b
Mean |cbre of rancidity le (3= high, 2 = medium, 1 = low, 0 = non detect)
A-C, Mean | within a column with different letter [ are @niﬁcantly different (P < 0.05)
a-b, Mean [ Within a row with different letter [ dre lignificantly different (P < 0.05)
Appendix Table 10. Rancidity [cbre[ of fried chicken
Number of frying
Treatment
1 2 3 4
Control 0.03+£0.18A,a 0.23+0.63A,ab 0.47+0.82A,b 0.53+0.82A.b
BHT 0.43+0.73B,a 0.50+0.97A,a 0.47+0.78A,a 0.53+£0.73A,a
Pandanu | 0.27+0.45AB.,a 0.37+0.56A,a 0.33+0.61A,a 0.60+0.86A,a
Turmeric 0.20+0.55AB,a 0.20+0.41A,a 0.37+0.72A,a 0.37+0.76A,a
Mixture 0.20+0.61AB,a 0.30+0.53A,a 0.40+0.77A,a 0.40+0.72A,a

Mean [cbre of rancidity le el (3 = high, 2 = medium, 1 = low, 0 = non detect)

A-B, Mean | within a column with different letter [ are @niﬁcantly different (P < 0.05)

a-b, Mean | within a row with different letter [ dre lignificantly different (P < 0.05)
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MARUIN A

(©) (d)

(g)
Appendix figure 1. Treated palm oil with (a) control, (b) BHT 150 ppm, (c) pandanu [ éxtract 150 ppm, (d)
balil extract 150 ppm (e) turmeric extract 150 ppm, (f) [hhllot extract 150 ppm (g)

mixture 150 ppm
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Appendix figure 2. The preparation of herb/ @ice extract| before analy lil of total phenolic

content and DPPH radical Eh@nging acti By.
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Appendix figure 3. The preparation of herb/ Bice extract|_before added with palm oil
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Appendix figure 4. Calculation of lolid content in herb/ @ice extract|_|
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