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Abstract

This research investigated the effect of rice bran extraction using selected edible vegetable oils including
soy bean, coconut, canola, sunflower, corn and palm oils as solvents on physicochemical quality, bioactive
compound and antioxidant activity of the oil extracts. Results showed that the extraction using edible oils did not
affect free fatty acid content, but they had a significant effect on PV, TBA and AE values (p<0.05). The highest AE
values were observed for the extract using soybean and sunflower oils as the solvent (3.25 + 0.91 and 3.19 + 0.63,
respectively). Additionally, the rice bran extracted by soybean oil gave the highest concentration of y-oryzanol (549
+6.21 ug/ g). On the other hand, the highest a- tocopherol content was found in that of the extract extracted by
sunflower oils. Both oil samples showed the strongest antioxidant activity compared with others tested. This result
suggests that the application of soybean or sunflower oils as an alternative bio-solvent were effective to improve
bioactive compound and antioxidant activity from rice bran for producing as an oil ingredient in a food product or

functional edible oil.
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5.1 PFUFITEINAIDENAITARA
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fruilasigaes Loypimai et al, (2015) 4469081941587 AHNY 1.0 NFN LANA1TALANENANTZTUIN

a )
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= dl v o @ a s Qe‘ b % a
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5.2 38 DPPH radical scavenging activity
N1331AT1EANEN19FAIUe Y ABaT 2835 DPPH radical scavenging activity Anulaeu1a1nis
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987



M9EsTIMENAIERTyYIW T 25 (R1TUN 3) Muaneu - FunAN W.A. 2563

BURAPHA SCIENCE JOURNAL Volume 25 (No0.3) September — December 2020 UNAINNIAY

AaufFsenluitiodiuean 30 wndl ubadnAanizganauuasiinainenanaiu 517 unluues lneeiesanining
WIndmas (Thermo scientific, GENESYS 10 Series) LLﬁqﬁ’]ﬂ"]@mﬂﬁuumﬁiﬁmﬁ’]mmm@ﬁﬁ‘ﬁum’mmqw%rmaﬁm
DU ABATTAIANNNT
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5.3 39 Total antioxidant capacity
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5.4 3% Ferric reducing / antioxidant power (FRAP)
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d9fna193119U 1.0 NFN anARINATURY Loypimai et al, (2009, 2015) N133LAT1ZHMN TN MLANEN
aestunaLazieainnlasaaraeinailn HPLC (Shimadzu, LC-20AD, HPLC SIL-10AD, Auto Injector) 13u1ms
fratinaian 20 lulnsans ru security guard column WazABANY Phenomenex C,, (1WA 4.6 x 250 NAAINAT 4
luTasiuns) muawaqmuqﬁm@”mﬁmﬁ 45 °1 Favnazantulaindeud (mobile phase) Usznaudas uniuen
T ueauaztin (EMINEIU 92: 4: 4 (V/V) ANNAIAL) Raednangiua (flow rate) 1.0 Radam U1 WU 12 Wi
‘vizi“wﬁmfuﬁﬁm?mﬁ'ﬂuﬁmm'qmmLumuﬂ@ ﬁqmuﬂmmzﬁ”mﬂu 92: 5: 3 (v/v) warEnsnsaiulu 1.5
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mm?@mnﬁuumimmﬁm UV- detector §AfiAa1NenaARL 192 way 325 unluims A1951Anniusuazunusi
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7. N9UATISINNADE (statistical analysis)

b

foyauanailupiade £ ANJEULUNIATIU AINNIINAGBIAIUIL 3 §1 IN1TTATIEEAI NI L9
n19LAE9 (one way ANOVA) Foaililsunsd SPSS version 16.0 bazisauiigLAN@ANLLILIT8AAIN35189 Duncan’s

Multiple Range Test N1s2ALIANNT0NW 95 Wafidus

NANT53AE

1.@274f7’iw1/1’)\7m§n’)ﬂﬂ’11/v (physicochemical quality)

oA

nan1sAATIzdAnesaan s (Peroxide value, PV) Anfidie (TBA) waziinnaunsalusiudase (free fatty
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anpifinadenasad PV uazAn TBA atneltludnAtyn1eada (p<0.05) ‘Emmfﬁﬁumw’émﬁm PV 1laz TBA ﬁ'ﬁﬁlqm
(p<0.005) (2.05 + 0.15 meq./ kg WAz 1.26 + 0.08 mg MDA/kg) FDIAINAD ﬁwﬁﬂuﬂ’]@fm (4.11 £0.11 meq./kg baL
5.39 + 0.29 mg MDAKg) Wazinsfudainaed (4.15 + 0.07 meq./kg LAY 5.61 + 0.12 mg MDA/Kg) (MWl 1-2) luainsy

£
o

Mhdumsanennuazduiazindudininaien PV uaz TBA g3gn (p<0.05)

t2
o a o

nan13atAszdTuunsalasdiudasy 3ailudaddanisiianauiiu (rancidity) 189811159LARAINNNST
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g
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10.0
9.0 -
8.0
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Peroxide value (meq./kg)

2.0
1.0

0.0
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TBA value (mgMDA/kg extract)
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5.0

4.0 4

Free fatty acid (%)
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unnsngruetnaldadnAnieania (p<0.05) lurmziiAn L* lduansneii (0>0.05) WalFauiaunauuasuaanis
arim WudnAn L anas Tuaniei b* JA1diindu (p<0.05) Tnaninsauninidasuutlassd wise AE wud1ansainingu

v '
o Y o o

nanpfathsiutamaesarinuNAnnannuazIulA1 AE 4940 (p<0.05) HAWNAL 3.25 + 0.91 uay 3.19 £ 0.63
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AMNANAL 9098901AD 113UANTWAN WiniU 2.80 + 0.91 Tuanuiindiunendoiien AE Angn (p<0.05) winiu 2.25 +
0.63

2. gUBN19AIUBYYABATE (antioxidant activity)

HANNTILATIZUNIgNENITH1ue Yy aaaszinudT DPPH radical scavenging activity, Ferric reducing
antioxidant power (FRAP) Laz33 total antioxidant capacity 18418941381 ARNsMaNT R aiasaainsuna in

A9 %) LA UL NN BN 96 U AR A T TN TU(HARNNIE NN VBN TAUE LY ADATZLRENIAT AT TN

o v o

Mudsnisaiaiugninisfinueyyadasyaesinduitieunnsa

o

o = L= o o gy
A) NAANAITINN 2 wWuINTtaasAINIar AN bl

£
a o o o

mmﬁm%ﬁ’mmﬁiﬂqw%rn’m%hu@%mmx 4 3 75aeltiudnAty (p<0.05) Tneindnafiaingaaiindudavdeuas
fisuadamenmuAziu ﬁm'ﬂqwaﬁrﬂﬂiﬁm@%@%mzqmmﬂwﬁﬁﬂzﬁﬁﬁfymmaﬁ (p<0.05) AaflAnwinriu 47.19 +
7.18 Uaz 39.08 + 3.33 Lla5Ldus (DPPH assay) 11.64 + 1.42 Uay 12.27 + 0.87 mg FeSO,/g (FRAP assay) LAz 0.43
+0.05 WAz 0.47 + 0.04 ug BHTE./g (total antioxidant capacity) ANNATAL TuusRenfundniinafiatagasiniy
NTNE19 ﬁqmqﬁfﬂ'ﬁﬁmfa%@%m:ﬁ‘iwquaﬂ'wﬁﬁﬂﬁqﬁmm@ﬁ (p<0.05) FaiiAwinifu 11.78 + 6.01 ilafifus (DPPH
assay) 2.92 + 0.62 mg FeSO,/g (FRAP assay) Waz 0.09 + 0.01 ug BHTE./g (total antioxidant capacity) ANNANAL

3. 1Bunamear niaireauazunusasi s Lea

d‘ o a o 1 = ] a o ' o 09/ L ° b4 ¥

Wannisdimmsimiunaueaihinlaseauazunuineedauealuse s sanniiduainirdnasae
o o R =y o o = @ , = | a =
Favnazae i iuNTTingi1e ] Haf iuanefaning 4 (eraenunaduFunnueaiiinlafseauazunusiegianuea
Q‘ ﬂg/ o o U o O dl A @ ° v ! ' 1 = 1 a ] a
WNTUnAINTsane) nudsinazatenldlunsainidnadesietiunnuearininlaWseausazunuiieeisueaatiell

= v v

&Rty (p<0.05) Iaaindinanarnfoatindiudamaeeain AN uuNNN1e83 1 4a494n (p<0.05) Wi 549 +

| v
= v v °

62.1 pg/ g 789a9NNAR MiaRainfaatnduuannanniunzdy JBununuineeITIueawnGg L 527 + 70.2 ug/ g
uananisrdnanainfosindundananniuaydi dlsunuueainniaiseagagn (p<0.05) winiu 40.7 + 5.52 g/

g lanenidnnannfaeinduneninlinuasueanininiafsea
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19l 1 AndresiminazanaiaunsaiauazasaininguR lEa il atnaliiasng 1
ERIRIRN L* a* b* AE
YRR fau N fau Vo nau o
vnsudwies 49.23 +0.11*° 44.86 + 3.74°° -1.45+0.05™  -1.40+0.01°° 0.65 + 0.15%° 2.95 + 0.35°°° 3.19 + 0.63"
Yinsumz s 50.10 + 0.90*° 49.60 + 1.00™ -1.50 +0.30™  -1.35+0.05™ 0.50 + 0.50“° 2.10 £ 0.20%° 2.25+0.63"
vsiuanlugn 50.50 + 1.30"° 47.75 + 0.05°° -1.55+0.05™  -1.50 % 0.20°* 0.25 + 0.45°° 2.35+0.15%°° 2.80 + 0.69°
vhsfumuaz sy 50.25 + 0.45"° 46.80 + 0.20%° -1.55+0.05"  -1.45+0.15°° 0.15+0.15°° 2.05 +0.35°° 3.25+0.91"
Thsfuginetne 50.50 + 1.10"*° 48.50 + 0.20™* -1.50+0.20"  -1.60 % 0.10°* 1.70 + 0.40°° 2.77 + 0.64%° 2.71+0.56°
vhsutdu 50.10 + 1.50*° 49.20 +0.70™* -1.85+0.05>*  -1.45+0.15"° 1.90 + 0.40™° 415+ 0.05"" 2.40 + 0.56°

P @, 1 P oA £ o e
ﬂ@?ﬁ]@LL@ﬂ\iLﬂuﬁ’WL’ﬂﬂﬁl * mul,uﬂ\nuummgm (n=3) 2RISRV IEN]

ab o o o

Sa
AUANTNNAIDN

A
’

mrlunnaieniu Afussiuuanstaiuasnlidad Aty (0<0.05)

19199 2 OrENSinueyyaBaszaasatsaiatun ifantTuNTtiasing o

TupaduliAaaii AdusaTuLAnssiuest1efivad Ay (p<0.05)

_ DPPH radical FRAP OMBNTIHUE Y ABATEIIN

TUAURN
. scavenging (UM FeSO, /g) ug BHTE./g ug VEE./g
FANNATANE ce .

(1 didue)
Tduduvana 4719 +7.18° 11.64 +1.42° 0.43 + 0.05° 0.62 + 0.05°
T8 UNENED 11.78 £ 6.01° 2.92 +0.62° 0.09 £ 0.01° 0.18 £ 0.36°
1A Tuan 32.61 +5.56™ 7.50 + 1.05° 0.19 £ 0.02° 0.28 + 0.01°
TNSUNURZI 39.08 + 3.33% 12.27 + 0.87° 0.47 + 0.04° 0.59 + 0.06°
13uE9 e 12.19 + 1.68° 12.67 +1.81° 0.24 +0.01° 0.32+0.03°
RPVEIIRVAEY 29.07 + 5.08° 6.09 £ 1.27° 0.22 £ 0.07° 0.30 £ 0.04°

¥ Slo i A oA at o Sl o C A o o o . o o, i e 4 Ao o o
ﬂ@HﬂLLﬂﬁﬂLﬂuﬁﬂL’ﬂ@ﬂ £ ANLENILUNIATINUN (n=13); fananNaneslulaAuREaiW NAUANIRl ANLANA19TWat 9 lizdN Tty (p<0.05)

BHTE: Butylated hydroxytoluene equivalent; VEE: Vitamin E equivalent
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(ND = Not detected)
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ﬂi‘:Lﬁuﬂ’]i‘Lﬁﬂﬂ?ﬂluﬁu@ﬂﬂﬂﬁﬁ?‘ﬂ’]’ﬂ'ﬂﬂ%Lﬂ“ﬁ/uﬂlﬂﬁﬂﬁﬁ’]?ﬁlflhﬁuvlﬂéuﬁ'] wueadlszney (Sommers & Fan, 2002)
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a a ' o

nAuRngNatsnanAlauuazdan lastanwansuAnnlatialadanlas (MDA) (Endrini et al., 2002) TnaitnAtingiu

Q a

b

= a

NrU3tnAlEN19N17A1 AasiAn PV LA 10 meqg./kg (Mielnik et al., 2006) lun1s@nEaTiifaaened1sanininsim
o v o o ' A o A ' - e oA a v o A P
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UNEHA L ﬁﬂﬁumﬁmmnmumﬁm:ﬁnmhﬁuﬁ%u[ﬁ’q@;\i ARAARBINLNNUINE 8 Mielnik et al, (2006) WU4N4NT
o A | oAl o v v o a o = a a aca a o o
anafnsznasduiszAuANdingu (1.6 nfu/Alaniu) gegea Nuszansnnlunisandjieneendndusedlaiuly
amnsuaziAndieenfiea (TBARS) Wintuetedn - sendenisfivineg dumiunanisinszinsunnines lasiu

a 1 o O 09/ o A 4dl v o o v [ 1 v a ldl b‘dﬂl dl o v
farz wudnminazanansiuien 1 lunnsainindnalddanaseFununga lasiudasy uanliienaiiasunainiiginng

993



M9EsTIMENAIERTyYIW T 25 (R1TUN 3) Muaneu - FunAN W.A. 2563

BURAPHA SCIENCE JOURNAL Volume 25 (No0.3) September — December 2020 UNAINNIAY

. o A4 o Z o4 o < o o a2 2= =
fauNTanARIUNIZUIUNNIAsAaN TN e gL iTainanaeuladlala "INL‘JJ‘LAZQ’]L‘I/T[?m@ﬂ‘ﬂ@\m’]?mmﬂ{]ﬂiﬂﬁiﬂt@ﬁ‘i@sﬂ@

(hydrolysis) 18437419 #amAA@9rT1N11ASEI89 Zullaikah et al, (2005) 318911431073 WA NFAUAYANINUAIANNT AR
Y y

12
a L

svuntnasusananssnraeulmllauladqsmzaanisiinlutea Bununsa lsuaase 18 naznnsliinouieuaaasn

a

A o ' . oA 1 aa . = 1 | Sd
NIBNIALNQN metallic prosthetic mg‘l,umu”lﬁﬁmwM\Iu@mﬂﬂmmm (polyphenol oxidase) smnqumammwmﬂu

2
a o

anwpynliianssuteuladlinay (Castro et al., 2004) wanannfigsiseeuininiunlfiduminazanadaasinlifia
guassasialuanaeandiaudenaliizzaanateanindulazdnsnisaatasaradualsnuess (Pu et al., 2010)
atin913fin1N91U3 B89 Carvalho & Bassinello, (2006) WU4131iN9 N BNN3ASANIWAR A INTUGIUUNHN 120 °a

WU 15 Wil depsinanssuaeaeulodlanlamaony 13 wWaiidus Waninnsiinseiad luglaessn Lr a*, b*, uay

'
al

AE 19959918 2a18naun138 1 aLa L Aa9EN98178 AT WUIFNaTa N AN a* kay b* wAnANeR luaneien Lt

\ e oA = ] o o P a ! a & P LA
VLNLLmﬂquﬂu Lll'ﬂLﬁﬂULWﬂuﬂﬂuLLﬂzﬁ@\iﬂq?@ﬂﬂ WLINAT L* HANAAAY LATAT b* LWNTY ﬂqTLﬂ@ﬂuLLﬂ@\iﬂ’]ﬂﬁﬁ"ﬂ AE

' v
al

' & o o I & o [~3 o A g o ¥ IS D o P
WugntnuiaMas AN NARAa N WA URAY AE gega Tuansiinduneniodan AE Anga waniliniens

HaIN1A NN Ui AT waz N uINA A nNuA s ullsrdnsnnlunisannansainidnodanani linen L*

A A

Andn @dinngn) wazan AE gandniduinasiinaun lifludaiiazanalusnuidaaiel

'
a o v o ©

WannismaziunBunaearinniaseanasinuinaasanuaalusiatinaasainundunatafqesana

(2 ' '
o v 0 o o

Azt NUNTI AN 7 WuAN AR AT AR E1NTUIUMAINL N MUNNEN0EIT B AEIAA 7938INNAR $1E19T
o v 0"/ o [~3 o ldl 091 o [~3 [ [ % 1 = [
anpfatdmdnnennuazdl Twangiiduudanenniunzdu adaliliuuueannnlaisengeqn waznisanin
Fazindunzninldnugnsueanninlafsea siailanaiilasnnainanudnnislunirazataaesasueaininlaWsea
wazinNEnaasIIuearadRNuimaeuarIniuNAnna N uaTIY dauann ladalATiunaaasdindugandn
& o A P = o ¥ & o oA A o U 1a o . A A o 4= o o w
WuNgrdatu o NAne tnevinlludotnsiuieniinealaduligndagandiaziiAasuniinaindnasdanayinli
dse@vsnnlunisannaishindndarinazaeniAiaauniiags (Feyaliliuan) nedunuiiasnrdasiu Goula et al,

' o = - o a N a P D & e A A S
(2017) 9euInnsaiaasualsiuetfannIniLAN IH BN gl udenazarainduiglA1a i tinanas
T UBLAEITUNIZLIUNTATATBIANTU IENDLNAUNIN LT WLINANAMNNTLARIIIFI NN aNsazIdanTane Tt
HIRANIVDIFAINNAZAN SN BLNYIIN T wazLNN 3 ann1nlun13aim (Pierre et al., 2002) atinglsfimuanalunaniann

N138RAIINTUINATASANINTIAF 111 AINNITANENaNNTIN Loypimai et al, (2015) 3184143 n13 s ans1an e

' v
a a

xR udunana liuazilsunns Y-oryzanol lutinsiuindng uaznislddansnanaddaaiiunanannisainmni
an3141a (Khoei & Chekin, 2016) foaimsiasin lfiansadniidunainlfainuidudomassuas idumannen
munzduannlftiunuesiinliafseauazunusitagisuaaainirinagean uazdesanliilgminisfinuenya

a & aa ~ . = , a o v o e o =
ﬂ@?z@]\‘i?‘lmm\? 3 Qﬁ@]\‘]@@ Luﬂﬂq’]ﬂLL@@W'WT‘V]T?WW?@@LL'ZQZLLﬂNNqﬂﬂﬁ‘sﬁquﬂ@qqﬂ?Tﬂq’]NV’lm@gﬂ_ﬂﬂLﬂu@q?mquﬂwﬂﬂﬂﬁix

994



M9EsTIMENAIERTyYIW T 25 (R1TUN 3) Muaneu - FunAN W.A. 2563

BURAPHA SCIENCE JOURNAL Volume 25 (No0.3) September — December 2020 UNAINNIAY

#gUnan1539E

anTEuNsAnE R Lansliiudnsaiadag i udamaeuaziniune iRz Suta e Buans
wnuxnagsiueaLaainmiaseaainindinanuaisu u'aﬂmﬂﬁymmﬁmé’wﬁqﬁmmmﬁyﬂﬁﬁqwéﬂﬂaﬁmﬂ%@
Baszaeaansatminugegauarlidenansznusenisiiniures Bunmnsaleiudas: faudidn nisaiadagiinaiy
fmAnsuaztinuLAnaenIURLTUgIHaRaA PV e TBA Lwifj“qm”l,ziLﬁuﬂ'qmmﬁquﬁ’mum AeTuuig
sl Al 1 T damaes visetinsunennunsd Tdnanwfludrinaranedanwmnadendaeiia
Lﬁémmma@@ﬂqﬁmﬁqmwLL@xqw?;ﬂﬁsﬁm@%@%mzmn%ﬁmzifwﬁuLﬁﬁ?ﬂmLﬂumummulumﬁmﬁmﬁmmw%

wduElnalAineganw

anAngsNUsznA
o Vo

e BlATUugAuYUAINAnNTUAdELAT WL WuanedBsTA] T uaNialdInezen dszandl

JulgEnne 2561

LANR9A19BY

Achat, S., Tomao, V., Madani, K., Chibane, M., EImaataoui, M., Dangles, O., & Chemat, F. (2012). Direct
enrichment of olive ail in oleuropein by ultrasound-assisted maceration at laboratory and pilot plant scale,
Ultrasonics Sonochemistry, 19 (4), 777-786.

Dasgupta, N., & De, B. (2004). Antioxidant activity of Piper betle L. leaf extract in vitro. Food Chemistry, 88,
219-224.

Carvalho, J.L.V., & Bassinello, P.Z. (2006). Aproveitamento industrial. In: Santos, A.B., Stone, L.F., Vieira, N.R.A.
(Eds.). A cultura do arroz no Brasil. 2.ed. Santo Antdnio de Goias: Embrapa Arroz e Feijéo, p.901-931.

Castro, ., Macedo, B., Texeira, J.A., & Vicente, A.A. (2004). The effect of electric field on important enzymes:
Comparison of inactivation kinetics under conventional and ohmic heating. Journal of Food Science,
69(9), C696-C701.

Chemat, F., Grondin, I., Costes, P., Moutoussamy, L., Shum Cheong Sing, A., & Smadja J. (2012). High power
ultrasound effects on lipid oxidation of refined sunflower oil, Ultrasonics Sonochemistry,11, 281-285.

Endrini, S., Rahmat, A., Patimah, I., & Taufig-Yap, Y.H. (2002). Anticarcinogenic properties and antioxidant activity
of henna (Lawsonia inermis), Journal of Medical Sciences, 2, 194-197.

Goula, A. M., Ververi, M., Adamopoulou, A., & Kaderides, K. (2017). Green ultrasound-assisted extraction of

carotenoids from pomegranate wastes using vegetable oils. Ultrasonics Sonochemistry, 34, 821-830.

995



M9EsTIMENAIERTyYIW T 25 (R1TUN 3) Muaneu - FunAN W.A. 2563

BURAPHA SCIENCE JOURNAL Volume 25 (No0.3) September — December 2020 UNAINNIAY

Hyun, J. W., & Chung, H. S. (2004), Cyanidin and malvidin from Oryza sativa cv. Heugjinjubyeo mediate
cytotoxicity against human monocytic leukemia cells by arrest of G2/M phase and induction of
apoptosis. Journal of Agricultural and Food Chemistry, 52, 2213-2217.

Jayasingh, P., & Cornforth, D.P. (2003). Comparison of antioxidant effects of milk mineral, butylated
hydroxytoluene and sodium tripolyphosphate in raw and cooked ground pork. Meat Science,

66, 83-89.

Khoei, M., & Chekin, F. (2016). The ultrasound-assisted aqueous extraction of rice bran oil. Food Chemistry, 194,
503-507.

Li, H., Pordesimo, L., & Weiss, J. (2004). High intensity ultrasound-assisted extraction of oil from soybeans.
Food Research International, 37, 731-738.

Loypimai, P., Moongngarm, A., & Chottanom, P. (2009). Effects of ohmic heating on lipase activity, bioactive
compounds and antioxidant activity of rice bran. Australian Journal of Basic and Applied Sciences, 3(4),
3642-3652.

Loypimai, P., Moongngarm, A., & Chottanom, P. (2015). Impact of stabilization and extraction methods on
chemical quality and bioactive compounds of rice bran oil. Emirates Journal of Food and Agriculture,
27(11), 849-856.

Lucchesi, M.E., Chemat, F., & Smadija, J. (2014). Solvent-free microwave extraction: An innovative tool for rapid
extraction of essential oil from aromatic herbs and spices. Journal of Microwave Power and
Electromagnetic Energy, 39(3-4), 135-139.

Mielnik, M.B., Olsen,E., Vogt, G., Adeline, D., & Skrede, G. (2006). Grape seed extract as antioxidant in cooked,
cold stored turkey meat. LWT - Food Science and Technology, 39, 191-198

Moyer, R. A., Hummer, K. E., Finn, C. E., Frei, B., & Wrolstad, R. E. (2002). Anthocyanins, phenolics, and
antioxidant capacity in diverse small fruits: Vaccinium, Rubus, and Ribes. Journal of Agricultural and
Food Chemistry, 50, 519-525.

Nam, S.H., Choi, S.P., Kang, M.Y., Koh, H.J., Kozukue, N., & Friedman, M. (2006). Antioxidative activities of
bran extracts from twenty-one pigmented rice cultivars. Food Chemistry, 94(4), 613-620.

Philpott, S.M., Perfecto, I., & Vandermeer, J. (2006). Effects of management intensity and season on arboreal ant
diversity and abundance in coffee agroecosystems. Biodiversity and Conservation, 15,139-155.

Pierre, F.-X., Souchon, I., Athes-Dutour, V., & Marin, M. (2002). Membrane-based solvent extraction of sulfur
aroma compounds: influence of operating conditions on mass transfer coefficients in a hollow fiber

contactor Desalination, 148, 199-204.

996



M9EsTIMENAIERTyYIW T 25 (R1TUN 3) Muaneu - FunAN W.A. 2563

BURAPHA SCIENCE JOURNAL Volume 25 (No0.3) September — December 2020 UNAINNIAY

Pu, J., Bechtel, P. J., & Sathivel, S. (2010). Extraction of shrimp astaxanthin with flaxseed oil: Effects on lipid
oxidation and astaxanthin degradation rates. Biosystems engineering, 107, 364-371.

Rattanapanone, N. (2005). Food science of fat and oil. Bangkok: O.S. Printing House. (In Thai)

Ryynanen, M., Lampi, A.M., Salo-Vaananen P., Ollilainen, V., & Piironen. V. (2004). A small-scale sample
preparation method with HPLC analysis for determination of tocopherols and tocotrienols in cereals.
Journal of Food Composition and Analysis, 17(6), 749-765.

Sommers, C.H., & Fan, X. (2002). Antioxidant power, lipid oxidation, color, and viability of Listeria monocytogenes
in beef bologna treated with gamma radiation and containing various levels of glucose. Journal of Food

Protection, 65(11), 1750-1755.

997



