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Folic acid fortification in traditional Thai noodle; Khanom jien
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Research Title: Folic acid fortification in traditional Thai noodle; Khanom jien

Researcher: Assoc. Prof. Dr. Praphan Pinsirodom

Faculty: Agro-industry, King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Folic acid or folate is a water soluble vitamin B. Deficiency of folate can increase the risk of
several diseases such as neural tube defects in a new born baby, heart disease, cancer and Alzheimer
dementia. Folate deficiency in Thai population has been found in all sex and age groups. Fortification of
folic acid in the staple is an efficient way to reduce the problem of folate deficiency in the population.
This research was aimed to investigate the effect of folic acid fortification on the physicochemical and
sensorial qualities of “Khanom-jien” , a thai traditional rice noodle , and the stability of folic acid during
its production and storage.

The folic acid was added into the flour mixture at different levels of 100, 300 and 500 pg /
100 g and the flour mixtures were then processed by mixing , extrilding , first washing and second
washing to obtain the noodle. It was found that , the color parameter of folic acid fortified noodle tended
to have lower L values and slightly higher b’ values as the level of folic acid added increased , while the
a’ values were not effected, In addition , fortification of folic acid at higher levels resulted in the noodle
samples with lower pH values which corresponded to the higher total acidity. Sensory evaluation showed
no significant difference in terms of sour taste, but color, off odor, unusual taste, and texture were higher
for all folic acid fortified noodles over the control sample. However no significant difference of those
attributes among all folic acid fortified samples. At all levels of folic acid fortification, the loss of folic
acid was observed in the sample form each step of production and the moisture contents of the samples
were also increased in each step. The loss of folic acid in the final noodle sampies with the fortification

level at 100, 300 and 500 pg /100 g flour mixture was 63.20, 30.52 and 49.47 % dry wt, respectively.



The fortification level of the folic acid in the Khanom-jien at 300 pg / 100 g flour which resulted in the
final product containing about 111 pg folic acid per 100 g wet wt noodle was selected as a suitable level.
This level was safe and sufficient for all age consumer according to the DRI recommendation. The effect
of noodle size diameter on the losses of folic acid during the processing of folic acid fortified noodles
were evaluated. It was found that losses of folic acid were observed in each step of noodle production
with the greater extent for the smaller diameter noodle than the bigger one. Moreover, storage of the folic
acid fortified Khanom-jien at 20 °C for3 days resulted in the loss of folic acid about 18.3 % wet wt. The
Hedonic scale preference test of the plain noodle and the noodle with green curry showed no Asigni-ﬁcant

difference between the folic acid fortified Khanom-jien and the control sample.

Keywords: Folic acid, Fortification, Noodle
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a = [l v d { a o s kY
USuas Aulduinden uidEungunnil 4 esruwadua dmsoldiu
stock solution
a Y 9 o ' a aa
2.1.2 asazatonsa IWandudu 100, 300 taz 500 lulasnsy re iaadas
Unlamsazanonsa Inananuaa stock w3on131uds 2.1.1. U5was 1,3, 5
fingans asluvinlsulsinasue 50 fiaaans dmsumsiasunsalWan
TuguuIunszau 100, 300 taz 500 lulasnfuae 100 asuutl YsudSuas
kY : 1 R A @ a =1 [l Pt o o kY ﬂ =
aanihguiudiadailsinas inuldviadndmivignauasluutwuniu

¥ 3
Tudumoumsuran Tavlddadruvosutlsvuuiu s Alansy aeasazate

asalWdnnszAua1e q 50 daaans
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msnszrdsuansalan
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a d [a a a . .
m3anTzidSinansalianlagdsniagadainen Microbiological assay

(Lactobacillus caser) AMITN15U89 AOAC 960.46H (2000)

1. ;msindl
1.1 msazawinasgiunsa IWandudu 100 lulnsnsu de addas
12 msazaevoamativves pH 6.1
13 myazawveamairlives 0.5 % nsausanedn
1.4 ou'land 2 % weavhes luaa
1.5 81M13(E 6418 Lactobacilli MRS broth

b4 -4
1.6 9I1M151A09¥® Folic assay medium

< IS)
2. MIAUATEUTIIAU

o a ¥ 3 o ! a aa
2.1 mamsuuarsazarwasginsa IWandudu 100 Tulasnfu de dadans

Faesazar0aasguniaTWan (sigma, USA) 25 flaaniu AuinTeetiazidun avlu
=3 L4 o aa 3 @ = k4
fnnasuuia 50 Tadans aza1eaae 0.1 uesiia Twdonlaasenlus (NaOH) au
@ [~ o a o a

amravaela U5y pr il 7§18 0.1 Tuansninlelasaassn @c) UsilFinasifiu 250
a aa 9 < [} = r9d A a = 9
iadans 420 25 % eumuen wuldviaden usdiungumal 4 osrmiraFoa 78013 17
uUd T UMIAToNNTIMLIATgIU

2.2 mImsouasazaovemvatiies pH 6.1

] ¥
2.2.1 %9@13 Disodium Phosphate 31.2 54 azarwdniiilsigeinloaeu DI UiulSuas

-y

o aa ar a 1 19 a {
dlu 1,000 iaddns drovandsulSuins iuldvaiedn urdEunguyni 4 sam

L3

waFea dnsuldaiude 1y
2.2.2 %3e3 Monosodium Phosphate 28.39 n51 ava1oanitlininleosu

a a a aa @ a o 1 19 d
YsudTinanidu 1,000 Taddas Arevaadiulsuas muldvandn urdiou

]
I =

Nounnil 4 osrugraied dwsuldauas i

q q
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2.4

2.5

2.6.
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muaTouasazawnemativiies 0.5 % nsaueanein (m‘%’au“lminnﬂiza)
amsazats (2.2.1) 212.5 Tadans asludnmesvuie 6,000 dadans uazadd
a1sava1n (2.2.2) 35.5 inaans aslufinnedludy Wunsausanein 5 nfu aslunuld
iy 5o pH i 6.1 §e 15 % Twdon leasenlad (Na0H) USuiTuasidiu 1,000
fnddnsdanihlsisnlossy DI

msaTouen ol 2 % ueavhes luea (m%’au“lﬁﬂnﬂﬂiza)

41 O-amylase 0.5 N5 azaredaeni1 DI WFuUS sl 50 addns nyUMIEadi 3,500
souaoui Wunal 1017 hudnlulilfaude 1

SRS OO TMI3E04130 Lactobacilli MRS broth

#1 Lactobacilli MRS broth 55 a3 azanodamitlsminlooeu DI sz 1,000

P 1
fiadans 1 lUdsuy hot plate stirrer (e 1#om1sazarw Tilaldanasanaasdunion

]
I

-4
Ve 15 Taaaas Uszunm 5 Tadans Uadnillauseneunnil 121 serdoa 15 wn

9 Y

2 2 d g v d - ol 0 &
e ATy (huusbuiiqungd 4 owmuwaiFoa (d1m3u 13 subculture)

3 »
A151A3 UNO1MI51A041YP Folic assay medium
v »
¥4 Folic assay medium 9.4 A¥Y aza1wai01i1s1#91n leoau DI Uszanu 100 Haddas
v )
11 1U@ a0 hot plate stirrer 1o 18111502870 ATOIHIU membrane filter YUIA 0.45

Tunasu

3. msmsgiilSinansaldan

3.L

32

=) dy o w a '4 a
Mswssuedmsuimsizrinsalwan
3 [ 2 v v ) )
nFedoa Bszana 24 $alue linyumlsawnira A201A509 Centrifuge 71 2,000
' = ‘fl a o s 4 v y & A da YY)
seUADUIN WUMa1 5-10 U1 N MT@eFoIA1 A1anutiunionUANUITNIY
= Y 4 \ P v < a
0.9% MYUMITUBNITA AI0IATOL Centrifuge A 2,000 sOUADUIR (HU1A1 5-10 AT
9 b4 ¥ Y 3 3
Aduveninnds (Han 2-3a59) Wearde Itanududu 1:10 droiunde Tasdou
o
Aae 138 0.9 %
a I'4 a ¥ ad a a
MIAATIZYNIA IWaNA283EN139aTITN0
32,1 guiediuduruniuaiuniaIianfissauaie q uazdaniugy weudumsazaly
o a y Y Y as s/
Woalatiivey 0.5 % nsauadnein iulfazBeasuiuilo@oriuais Blender

3.2.2 Faaegvuniulszing 1 sy asluvaaglauydan v 250 iiaadas
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wumsazateleadativives 0.5 % niaueaneila 30— 40 daaaas Jaihn
-y . 1 ) a ' rta o ' = a a
Q18 foil WEULU1Y) AT OULLSA (blank) Tag luAudred19vuLduEsunsaTnan
wumwizasazarwdeaaiiWives 0.5 % nsaueansiln 30 — 40 Tadans
. i a '\ & uyg vd
3.2.3 §88820 autoclave figungil 121 sssiwaiFua unat 10 wil Uaseia 31y
d‘ a gy
Ngungines
3.2.4 @ueulei 0 - amylase cat no A3176 ( 20 mg/ml) 2 dagansaensufIod1e i1ly
unlugriniigungil 37 seenwafoailuna 2 $2Tus
o Py = p=
3.2.5 vigamsinuvedou lanif 100 esrrarBuaiiunat 5 i 1ag autoclave
v
3.2.6 UsudSuasilu 200 Taddasdaeinlsaeinlessu DI
3.2.7 ATO9E1TAZAWAIBETIAIUNTZATHNTOY Whatman (1195 42

3.2.8 U5y pH I 6.2 @26 0.1 Tua1s HCI taz 15% NaOH

3.2.9 19999A1IALAAIDINAINATT NI WA

mM3nTnas §Iu:

anududuvensalian anlunsunevasa) | 0125 | 025 | 050 | 0.75 | 1.0

A15ALAIWUINTTIY (sigma , USA) (iadans) | 025 | 05 | 1.0 | 1.5 | 20

ilsimnnTose (fiafiting) 475 | 45 | 40 | 35 | 3.0

15100 i (ladang) 5 5 5 5 5
M309190 18014

anududuvesnsalnan anlunsudoviasn) | 0.125 | 025 | 0.50 | 0.75

MIaza1eAI001 (Hadans) 025 | 05 | 1.0 | 15

vinlsennlosou (fadans) 475 | 45 | 40 | 35

o MsAsadeyiiatiey (adaay) 5 5 5 5

° 1 g H v Qy 3 4
3.2.10 111 11/ai1d4e 11 autoclave 71 121 osrusaiFod Wuna 15 wil asufia 13 1FEuN

gungives
=} d” y a a
3.2.11 @W5ou¥en1ude (7) wuadlurasanaaed 100 lulnsans

]
a

3.2.12 Unludrindigungil 37 ssmuzadar funar 16 42 Tug

£ o



a a dy o = 4 9
3.2.13 ﬁq‘ﬂﬂWimiimeTﬂ%an‘ﬂﬂ'ﬂ 100 'ﬂQﬁ'll“lfamefﬂﬁuna’] 5 U AW autoclave

3.2.14 'l damsganfunasianuenniu 620 nTudimeialomiosanlalas v la

a I 1 Ay
Hines (FARNUYUTDUTE)

° o 0 9 '
3.2.15 ﬂ]u’lmNalﬁﬂ‘uﬂUﬂi?ﬂﬁ15ﬁ$ﬁ1ﬂﬂ1ﬂi§1u ATUIUATATUDUNITATUA

USinansalnan (lulasnsu /100 nsu)

E 4
= 1Smaunsa IWan9InnsMNATFIU X dilution factor X U311Asianua

USmasaied1anld

53

feehansAnnuvundwasunaalidniis=zav 300 Tulasnsuse 100 nsuuildy @aSoulasliidu

o)

s o ' = Py a o o aga Sy Y o 4
FeAve19vUNIUETUNIA IWGN 1.02 NTY (MeUITAAITIZUYD 3.2.1-3.2.14) "lﬂ‘ln'lﬂ']ilil’ﬂi]'lﬂ

msazarwdiediuiiu 5 wh aieldaiide Idegluseresnsiinasg) dundammsganduied

620 W ludiwas nanududuveinsalddn 025 (i lunsude wasa) eiudwesaldwifiu 0.1427

uaz 0.1612 Awwadfinueu Tl 1A 0.0292 raunisvenswuInsg IR (y=0.42x )

FBAa  0.1427+0.1612 = 0.1520-0.0292 =0.1228 =0.2924 11 1unsy se aen)

2 0.42

dounduidlufindfasviifu 0.2924 =0.5848 x 5 (dilution factor) = 2.924 (U1TUNSU Ao fadans)
05
Wounduiiiu 200 Taffasvidu 2.924 x 200 = 0.5848 (luTasnsu de 200 Tadans)
1000
Weundudu 100 3Ry 0.5848 x 100 =57.3333 (luTasnsuse 100 ndw)

1.02

P! o v Y a d Y a_ a S e o ﬁ S @ dq o a
ﬁu'lﬂlﬁﬂnimlﬂ‘jﬂuﬂ']aﬂ'l\iﬂjﬂuﬂlﬂai WANARNIUUIHUNNA UL uu']ﬁuﬂﬂi‘ﬁiuﬂ'ﬁlﬁiﬂnﬂiq 9

s FavunluaSunsalwan 50 nFu Autivives 100 n$u Feded193AT1EH 1.02 8L 1.02 x 50 /

150 = 0.34 N5y nuafesundudiy 100 N5y ¥9e 1.02151u 0.34)
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‘ dy 3 dl ¥ o U i d‘ = } :Jl 1 Y o ¥ ¢ Y ¥
wnanstluenansnanulidmsunisidnumenisfnwiintu ldeyaelmiluldusslowisunisen

lidnsallagmsau Snvivhudilvidaudasilon uavdesesdedadiveaenarsynasaninisiluly
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Mg (Minolta Chroma meter)
Qﬂﬂiﬂﬂﬁllﬁlﬂ?@d Minolta Chromameter Gl‘ffl‘l}‘(’s‘:llﬂ(Measuring Head) Tuiaa CR-400
szmagilu witelszurana (Data processor) Tuina DP-401 oo uTuIT gL

(Calibration plate)
S2UUNI5IA : Hunter Lab (L, a, b)

1. MAR3ENTIDHI
o a o ' = a a 4 Y Y . w1 YIRS
Wvuidy dedunluguuazvusiuaiunsa ldanfinnududuszauai q Judaw
E 4 14 ' [
Blander Iazidvaiiiuilomariu laguwaadn e wiidovuuiulinszaiigafiussy

LY ; (Y]
Taglaiianunuadtauswiidu

2. madamoeg
) ¥
2.1 dawnFedtadna i szuim 15 win neuldaiu naaay
2.2 PAUUNULIATTTY
o @ ] ar ) s (] :’ a o p=}
2.3 Widrednmninfediaios 5 ya Tavlisgamy Tuiinma

2.4 Annizvnariemaundouazandouuuina sy

3. MIIATISHKA
. E

AL AoAInINEDIaI14 (lightness) Falimaaud 0 Ain Tidanuaiamiedd demany
doerineiilu 100 AvArudesadiagaiiganiodun

1 & ' d‘ 0 =} U P=} Aﬂ' a1

flla ABAIADNIAL (redness) ilefiauilunin (+) n5A1NNUIATYI (greenness) LBl
du au )

' & A A o d A S a 4

fllb AeMAImINAD (vellowness) tiiofiauiluuan (+) n3ea1n1131iTY (blueness) Lo

Autluay )
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w \ =1 Y
maIamaANNIUNIA-A19 (pH-meter)
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msTamnanilunsa-ana (pH-meter)

gunsalldun 1nFeedn pH 3 Orion TuiAa 210A Uszimsanigawsm

1. NSRS IUAIBENS

1 b4 1
LY o

Tty F1e619070AN wazvuniuEsuasa Tdn Fulmindlenioass 2 dum

a aa

@ — v a 2 o VIR A y a
sz 5 0y asludnines tnhnduilszutn 30 liadans Tudlunsesiluazivon

) ¥ 1 ¥ 1
dy=im 10-15 17 e fazdsaiiuilemoiu d1unseeiluaziduadnindudn 70

a aa a o’ Py
fanans aslufinnes luny

2. M3iadedis
1 F4
2.1 Wenseedn pH el ineuldlszunm 15 uii
) 4
22 dsetiadieiniesia pH laodallszuia 3 59 liunang,

a o g t 4 ' { J {
2.3 Anngvraiemia e miAundsuazaudesnasgIu



AMARUIN 9

P=Y d Ia :’J
MIAAIIHUS NN IANIHNG
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a d |a by’ a a
MIIATIZHUTUIUNIANINNA (Total Acidity) #2835 Titrimetric Method Mm335N15UBA

AOAC 930.35 (2000)

1. M5
1.1 msazaoTwdonleasonlad NaOH anududu 0.01 uesiia
1.2 Hueddmau anududu 1 wlesigud
1.3 enmusaanuidudy 95 lesigud

1.4 Tnuna@ouwinian (potassium phthalate) (KHC,H,0,)

L) <
2. MISAIEHA AT
a1 4
2.1 msazaemasgulvdoylenson laa
M o P E, D a a5 A )
Falanoulansonlyd 1 asu azarwlutiingu 500 fadans 91n1uti11y standardize A0
fsaraeuInTgIu Inunmdeuninian
Jd o
2.2 misararoiusddmau aawdudu 1 wedidud
& 's P} o v a aa
FaWluedviniau 1 nfu azaedivienmiuen 100 foddns
. = I'd
2.3 M3 standardize Taifon laason lae
; a0t 9 a =t I o
azato TwumaFuuwinuaaikunseuudguvgil 120 essnwarsod (una1 2 alus
° < 3 a a : o a aa
uazyh IiduluTaganuul5um 0.6000-0.7000 5y Turiinay 75 addns Tuvae
1 [ ° o
silyuy voamisazmeusdimauanududy 1 nlosidud $1au 2 nea dunlaasy
3y o T a M o a a i v
FawmsazarImfoyleasenlaanussgodluiauge wunseismsazauin/fasanfaouninli
S ‘f] = 1 = o o :’ R a a [
Ttdludvuwdounined Tavviimslamsn 3 41 fuiinlSunsveslwfvnleasen loa

t4
ﬁ1u')ﬂ!ﬁ1ﬂ31ul{lln‘i’l’uﬁllﬂ'liﬁ\iﬂ

Normality ¥94 NaOH = $1u2unsu TnunaFouwinuan x 100

ijndans NaOH x 204.229
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a d :
3. mynszrmdsnanianavua
s L] ot o U d' b4 d' P
3.1 fegidumsIaanudunia-a190nn1anuIn 9 MY UINIBIAGIATBIN UM IO
, < C o 4 2
(Centrifuge) 71 1,200 58U @8 1191 Uszuial 5-10 i Meanazneutlouilvenn
. L4 o a a aa
3.2 ATBIHIUATESAIYATEY Whatman 1105 1 asluwiaialsuiasuuin 100 Haaans
3 ]
YsulSuasdiu 100 Hadaasalotindu
as 1 9/ a a aa 1 a aa
3.3 Tuladedeninde 3.2 UTmas 5 Jaddasasluviagilauyuuin 125 Taddns
a :’ ) a aa = <
wuinau 75 tadansadll veamsazateflueamau 2 vea
) o 2 o P '
3.4 dnnlamsnateasazats 0.01 wesva ladonlansonlue (NaOH) auﬁlu?ﬁrmgaau

L

URANA AIUIHAAIUTUNTS

» ¥
USnmnsanianun (%) = dsiasasazaionas gau 0.01 uesiia NaOH x ﬁmﬁ'nns”uﬁugaﬁumnmuaﬂﬂn x 100

1,000 x Su1ns5f70814
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guUNagaUmMeIaulssamauda
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wuuilszisiumasnagavmulszanauia (Scoring test)

- 3 5 a @t
Wsziiudredunvquudiadu ) asndundazgadnvuznadey ammiuiinsdsziliudiedniiaz
et T oufeususiedadwsmdauiudadu () tasldmfudesiavesditedts asuudunday

o o o Ve vy vy A o
AudnyuzNadey (lrasnigldedy) lussndndegnldinihndshauneuynass

312 RITLIIATUAH 615
| | |
I | I
1. aAadnf
| | | | |
oy [ dunang hn
2.aaulantasu
| % | | |
1oy hunan uin
3.5a387
| | : | | 1
N 1 | ! 1
Yoy thunais 10
4.5aAalnf
| | | | |
ol 1 | | {
liay 1unany Wn
) 1
S.ANNATHEIYN
l | l ! |
N j . ] 1 !
Uy 1unan un

dotauouuz
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o @ o . Yo,
mitsziiunanisnaaeunidulssamIuda (Scoring test) 9z 19351501 Moy
ﬂzuuuLm'az’ﬂiﬁi"mlawj’maau‘?mwiaxﬂmmﬁaadwwu%um?uﬂiﬂiﬂﬁﬂ'ﬁﬁ:ﬁudn q fiy
¥
Fretenruqu TaohAZILLYBILARZA 280 1IMISAIBAZIUUYBIA 10T 1AILAN 2IMTY

[ 3
fUINUN IR AGVBIRNATOUTUTIHUA

f9819NITARIHIN
fladadudiatna
Qs 1 5} i 1 : as
- fedumuauldazmiumiy 0.7

- fredvuniwasunsaiWannszau 100 lulasnsy de 100

asuuiledvldaziunify 1.20
:: o [] 9 LY 1 as
wzaniy detmuguldazinuiiiy 07 whdy 1.0
0.7

fedsrurIwasunsalwanldazuuumiidy 1.20 iy 1.71
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suuilszsivumsnareumudszamauie (7-point Hedonic scale)
wanAum: vuuiuy

4 ¥ a o o
%aﬂﬂﬂﬁauﬁfu .................................................................................................... AU e crrenreer s esreeeanesns

ee

Afues: nadeududedsvuniufiosdediudiifazuuuanusey (7 szAuazuuy) vesudazandnyn

Y99A 08 1NANA 18T UI0ALUUUANLTDY
I = ldseuuin
2 = liyeuthuna
1 -1 ¥
3 = liigemamise
4 = yan'hildnreunsie luvey

) 4 ¥
5 =¥oUlaNU8l

6 = ¥aulunalg
7 = ¥oUNIn
noarBgenanay & ) OGSV € T vy b
=t
a
nay
TAYIA
S, .o’
ioduda
aurou TnusIu

Yolguauuz



S — S

NIANUIN U
=3 & w ¥ oy
Sy uvaInseantl waz vunI U

TuszunamamlsglvuaRuasunsaluan
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d' 1 dy LY 1 P=3 d' EY :: J ] a =) o
AINN ¥ 1 ﬂm:nn‘nu“lumamwun%u'ﬂ'lﬂmnwmumq 9 1uizmwmmamumumsu

nsa Ivan
-] (%)

RLIARINITEITY uwaunsalvidn  Tsedu  Awhedidl dwhediie
A79819A LAY 51.65+0.78 63.84+0.04 65.98+0.23 69.71:+0.08
(adulnag)

wsunsaldan 100 52.43+1.36 61.11+1.38 65.06+0.11 . 66.59+0.41
(uadulna)

wsunsalWan 300 52.43+1.36 70.99+1.83 71684093  72.38+0.77
(unadulng)

wTunsn IWan 500 51.91+1.45 61.82+0.52 66.45+0.24 67.71+1.61
@waduluw)

MUIOME 1 A29019UUNIU 100 , 300 1Az S00 U189 Mstasunsa IWAnTs=AY 100, 300 az

500 TuTasnsy sia 100 nsuutledy
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] 9 ] b 4
AN ¥ 2 annuduludeiisvuudui ldnndunouais q Tuszniemsnanvusduasy

a 4 y g Y '
nsa lWanilviadwanuazvuadulng

F4
AMAITNTU (%)

Ared19vULIY uflamerunsalnan Tsoidu Fubaid 1 dabadi2
A19619A21A Y 51.65+0.78 63.84+0.04 65.98+0.23 69.71+0.08
@uadulng)
sunsalvan 300 52.43+1.36 70.99+1.83 71.68+0.93 72.38+0.77
@wadulng)
wSunsa IWan 300 52.43+1.36 67.93+2.03 72.81:+0.40 75.94+0.15
(vnaduiEn)

VINGIMG ©  A28819UUNTYU 300 WueDy mItasunsalwdniisedu 300 Tulnsniy ae 100
afuutlsay



Fo-ana_ w0 AT WUT TURTION. e

dszTamsfnm
A 1 (- o A ard
FodolTayan o aoiuiay sy
=) a o 1
M. 1Al ynTInduyes v 2531
MY wa TulagnsoImis NI NI INGGY 2534
Ph.D. Food Science University of Wisconsin- 2543
Madison, USA

= a d' YV
numsanswazidefimelasy }
aa aasn a ar o =] @ ! a kY
L aulamsdulfasmeendinduresnsadaoinmadumoiugeane (quidusiola 1l 2545)
va Aaa o) @ a as o
2. sulimsdudfasnesndinduiazmsdgaunidveaisadannuaenuasiuda
3 .
Fudgimu (quentlszinadl 2547) ,
. L4
3. luomsamiseeendindumnanaliiias faqmaeiisoinna Ll (quanlszinedl 2548)
a &4 a v aaa a Y 3 :‘ Y
4. USinamsdiznevfusinuazanuansalumsdnlgnsnesndiaduvainalsnitnuag
a o 4 '
nanfmal (queanlszunuil 2549)
s
5. Smansatluedn mstszneuiluednfmuauazanueunsa lumsdulisneengadu
& & o ' w g & o Y =
vaaulden e uaziwialuvsuziiniugaa q Aveduanugnaiu@uanlszina 2550)
o Ed
6. auliansdwiljisovendinduvesdisaianiziouaunzraveulnarHAANT A
a o 9 aaa a o a g a o I'd 1
UszAninmasdnyiisnesndinduvesmsatanszfouuaclundadusiquizoaas sy (qu
qulszundl 2551)
a 1 a " a a 1a :a 3
7. m3ldRrayuInsriada qlumsduyaaudend ydias gua g TMYB ATy

adu (u an-awa. eulssunm 2551)
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a o o [} Aq Vo a da d o
8. MIAIINHIBZATAL LA luAIDd eI I 1¥Tagauniiesdilszneuvesms Tulamings

wazdunszuIumsulsylIagiimanen (yuaudszanal 2552)

a

k4
o 9

9. WaveINsiAssuTuAuLAzMINeanwldanzqyenARenunMuAIMIuAlinun WAz

Tnauinisvesndloneanse UL (uavlszanadl 2553)

HaanA e ssA AR (zFunRtazumai)

1. dsgius TudTsay uazTunild srales. 2545, msnfSoufoudSinaasisznon Tnd-
uaaﬁywummzﬁﬂﬂmwnm’i’mﬂﬁﬁ?maan Fiaduvesasadannwiafisnszgadumonug
s  fidgnludssmeng. e1ms. 324): 300-307.

2. seius Tuilsau.2546. wavesnssuisudsgiemsgudouo'lalatluhusdeme.

91119, 33(2): 111-117.

3. dseius tudlsan. 2546, wavesgngdl anuiunsa-a1e tazindedanzdnaelsdde
ANUAAIVBITRIIVRIMITanA lUIAY, 81113, 33(4): 277-282.

4. #52330 $uunms oz Useius TuATsau. 2552, navesssiunnugndelSun
fniﬂs:nau‘WuaEnua:ﬁnﬁﬁmiﬁ'mﬂﬁﬁ%wan%xm‘?u%uﬂﬁanuam‘t‘fané’aawauwamaz
ndagld.2smsgaaunssuinyaswIzaaNIAd. 1(1): 49-60.

5. Anderson, C., Pinsirodom, P. and Parkin, K.L. 2002. Hydrolytic selectivity of patatin
(lipid acyl hydrolase) from potato (Solanum tuberosum L.) tubers toward various lipids. J. Food
Biochem. 26(1): 63-74.

6. Pinsirodom, P. and Intaporn, C. 2004. Composition and positional distribution of
fatty acids in triacylglycerols of papaya seed oil. Proceedings of the 1" KMITL Interanational
Conference on Inte- gration of Science & Technology for Sustainable Delvelopment. 25-26
August, Bangkok, Thailand. Vol. 2. 349-351

7. Pinsirodom, P.; Watanabe, Y.; Nagao, T.; Sugihara, A.; Kobayashi, T. and Shimada,
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