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Research Title The development of Marzipan product using by the watermelon seed and

the sacha inchi seed powders for substitution of almond power

Researcher Dr.Naphatrapi Luangsakul
Faculty Faculty of Agro-Industry
ABSTRACT

Marzipan is a paste made from almonds and sugar or honey that used for icing or decorating cakes
and pastries. Almond is one of allergic foods, substitution of almond with non-allergic seed is one of
interesting aspects in product development. This resecarch aimed to replacement of almond seed by
watermelon and sacha inchi seeds in marzipan making. Proximate analysis of watermelon seed {WTS) and
sacha inchi seed (SIS) showed that the percent of protein, lipid and carbehydrate of WTS was 27.59, 40.99
and 23.90, respectively and the percent of protein, lipid and carbohydrate of SIS was 24.42, 43.36 and
22.75, respectively, which were similar to the chemical composition of almond. Hence the WTS and SIS
can be used to replace almonds in making marzipan. The drying condition of WTS and SIS was further
studied. Tray dryer using condition of 40-80 °C for 0-270 min for both seeds were specified. It was seen
that the optimum drying condition of WTS and SIS were 50°C for 210 min and 40 °C for 180 min,
respectively. As for the effect of powder particle size (<560, 560-630 and 630-700 wm) of WTS and SIS
was also studied. It could be indicated that the decreasing in powder particle size of WTS and SIS gave
the highest value on hardness and cohesiveness of marzipan. WTS and SIS powders with particle size of
<560 pm were selected to study sensory evaluation, from which the WTS powder (<560 pm) was selected
to further using for developing marzipan because of its higher preference score in appearance, odor and
overall-liking for WTS marzipan than those of SIS marzipan. Then, WTS marzipan was studied on
Just about right (JAR) test. The test scores of marzipan showed that the appearance and nut odor scores
were rated to 95% in JAR range. The hardness and cohesive scores was 100 and 70% in less than JAR

range, respectively whereas the sweetness score was 95% in more than JAR range. After that,




the development of recipe for WIS marzipan product was optimized by using Mixture design experiment.
The optimized ingredient ratio of WTS marzipan was using 58.44% of watermelon seed powder, 26.83%
of grounded sugar and 14.73% of meringue. The actual and the predicted responses of the optimized
ingredients ratio was further test. It was found that water activity and cohesiveness of both marzipans were
similar to each other, however, the moisture content, hardness, adhesiveness and sensory preference test of
the actual responses were higher than those of the predicted responses of marzipan. Then, the improvement
of increasing cohesiveness of marzipan by adding hydrocolliods (com starch, guar gum, Xanthan gum and
arabic gum) in difference concentration was studied. It was found that the marzipan added xanthan gum
0.02% (w/w) gave the significantly highest cohesiveness value. Finally, the shelf life of the developed
‘WTS marzipan was studied on textural and chemical properties and microbial growth during storage at
4 °C and room temperature. The result presented that the hardness and cohesiveness values of marzipan
kept at 4 °C were not significantly changed. Yeast and mold was found on the marzipan kept at room
temperature for 4 weeks whereas it was not found on marzipan kept at 4 °C for 4 weeks. The shelf life of
developed WTS marzipan storage at room temperature and 4 °C were 18 and 56 weeks, respectively,

which detected the peroxide value and calculated by using Arrhenius Equation.

Keyword: Watermelon seeds, Sacha inchi seeds, Marzipan, Thickening agent, Shelf life
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= e = = . . o a oo 1 Qs a A . a a o
ﬂuaaxmuuﬂﬂwu (phenylalanine + tyrosine) (79 HAGNTUABDNTH) AIYU (leucine) (64 HARNTH
' ) =t . a a o 1 o a o . ) a a o 1 )
ABNTY) TnTsaru (tyrosine) (55 NAaNINADNTH) loToasaru (isoleucine) (50 HaAANTUADNTH)

la%u (lysine) (43 HlaaniuAeniy) w3 1oiu (threonine) (43 HadniudAenil) uagNdu (valine)

o =

s a ow 1 [ & A ' A = a [~ - A
(40 Hadniuaeniy) FleginlonFouivunumaaiyihduriadue (Hamaker taznue,
1992; Gutiérrez wazAmy, 2011) TagiiuldTinmsauaiuldinmsmzilgnludszmalnelunaiy

J H ] Y J %‘ 1
WU 1 Feas1e M0 gATHI tazUTnUGNIINADY (AYNTAINTIM 193 LazMyINL3)
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1510 2.2 e iziniualvesdnaunt

WSura Gevag)

WSty 03.3+0.3
Tuaiu 42.04 1.1
Toadu 247405
1 04.0 0.7
Wi Tulamsasau 30.9% 0.6

]
U1 : Gutiérrez LAZAUY (2011)

2.1.4 T4

1 9 1 1 =] & ] L | 4 5
"lﬂl‘ll'l'.lﬂi$ﬂﬂ'1jﬂ'lﬂﬁ'3u¢lﬂ"] 4 TIU NUATTHHUAR TN ﬂﬂhl‘lﬁl'l'ﬂﬁ‘liuuﬂﬂ {outer

'Y =

o 7]

¥ dl r r t 1
liquid layer) Wuduiioguengaveslian Aaduibeunidon’la Toundu (middie dense layer)

[=

=

) t o 1 3 I 1 i 1 r b [ @ ow
Futuiisgdnanldvnladunen dudiuiivaduldvnlasulunesliuaali foadusunse
o 1 ' 2 ; o T oA e
vinmansznunssiisunnaeusnliny luuas v lasulu Goner liquid layer) lusufiogia

ar 3 ] AT 1 o 1 A o 1 A
fulduas duiiqeeraldunsdaldundliasodrogasinaraesls eduliias (chalazifercous)

-1 4 ' { o it 1 v ] ' '
Wudauuns liv ivimihivedu lvuauazidiuauinuiaugalilduasegnaravloald

] »
24 1 =1

(43, 2529) Afenlvummazilediuiinnagneussiiiuduna aibus-white) (2333, 2529) u

Tiyradaulngesdsznoudinimaz Tusiu ImiTulamsauazussigludsuandes {1l

TuSunandesun daaasluaisan 2.3

o « P! '
ATTN 2.3 ﬂiﬂﬂiﬁﬂﬂﬂﬂ'lﬂlﬂh‘ﬂﬂqll‘ﬂ

U5 Fovaz)

Tiarlos Tajw12 (CTE

Wanadfiluly 100.0 58.0 31.0
ANty 65.5 88.0 48.0
Talsfu 111.8 11.0 17.5
Tuaiu 11.0 0.2 325

i 117 0.8 2.0

17 : Y5 (2529)

a




1

2141 Tals@ululvenm
1 0 1 H g 1 ar ]
Tilsaululvvndmiugeg lugltazaoi 18 vasuanaredu Tos@ulu leuaq

fisssrnTusaulu'lduauiiulalyTusin dipoprowein)  ualuldvrnilutnalaTdsdu

a5

(glycoprotein) AYUA LU TUA (mannose) nSenuan lna (galactose) TlsAululuviilsznsudae
Tai’auﬁu (ovalbumin) fovag 75 Tﬂiﬂﬁ?ﬂﬂﬂﬁ’ {ovomucoid) Fowaz 13 Talaiindu (ovomucin)

favaz 7 TeTaTautyiiu (ovoconanbumin) Sovaz 3 uaz T Tinao)ydu (ovoglobulin) ¥ovay 2 vo

@ & L

1 a’l ] Ay = oy 1 ¥
Tajaasianua (a3, 2529) TdsRunsazdlinaaifuazSinansaezii Turindieq deiife
@ = . g = { ! '

1) TeTayiiy (ovalbumin) 1Hu TelsRuniiunngaluldvir drznovudae
a13 Tn'lamsavazdeamafiguauidlunisidanauaziiadesszgnulfeunuauiiadie 1d5y
auieu

= o {
2) TeTailaneed (ovomuciod) WulnaTnTusAufitsznoudiunglaeiiv
o L ¥ = A o [
(glucosamine) 800 14 tazuyuTug {(mammose) 5088 7 gfmJaﬂuﬂmauumuﬂ'lﬁ’mmmsau

uanuarwiou lumantiTedayiuues To T Tawiay iy

3) To12519% 4 (ovomucin) (U TUsAuAT1 1M IRednuaziluduve e lvuidu

a

TasRadluTaseadresaidie (4o, 2529) Tivlauaz liviadunandresduilsumTe Taiiagu

T lgg19uii Te TaaBunnnai 1y ldv lalszua 4 wih W ldvaduias v leti TeTaiiagu

LY o o o oo oM as, ] 1‘,' ] - o
F006Y 5.11 1Az 1.91 !umai Tahmmummﬁnm"luagmum unazareiuaiiazaranaoy

pH 7

LY

4) TeTanasydu (ovoglobulin) Hnmanialunisfedes gruldsugaaudsld
T8 6 M gaunidine bydrochloride 1uldvnilis§lulamsauinadilulauas ld 1 ves vzl

1 of é =1 { I 1
a13 Tu'lsimsmagilszunel 0.5 n§u Fe¥evay 75 voulTinafioglulau (43, 2529; gassw, 2529)

3 =

o i o o o 1 - 3 1
iridafieglugildase Aellunglaauazsiudregiy Tsduriianiaq 19y fd-unulud

a

(D-mannose) sanagnu TadayiuuazTe TanasydunsengTae wuulumazniuaaloe sauegny

ar

TeTafianosq iad lulvuniifieaTaTada13u (Ovoflavin)  ad1ufulszua 007 fadnfy §

o

aa Yyuw o w1 ' a w1 1 & P4 ' A
ﬁl’ﬂﬂﬁgﬁ'wu']blﬂ fn?ﬁ'l]uiﬁ’!ﬂﬂ’m"] Hﬂ'J'Illﬂﬁ'lUﬂUlliﬁ'lﬂ‘luvh!llf’N HIUDNVINUINWUUITTIRDU

(U agiidisy neuns Wgoosu nzd wwamba dinsd uazleledu (320ins, 2556)
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o ) -~
5) TeTaTaurayiiu (ovoconanbumin) v1anFeGend1 “TaTmsuaessu>

. P=1 =y w 3’; a = J == A glas 9 d'
{ovotransferrin) Uﬂﬂlﬁlﬂ‘Uﬂ‘Iuﬂ‘liU‘]JfNﬂ'l'ilﬂiiymﬂjﬂﬁ]ﬂiﬂfﬂ!lﬂﬂﬂE'EB mﬂ“lﬂiﬂﬂ'}'lnﬁﬂ‘lﬁlzll}ﬁﬂu

wa v ' W a = a ) & o a 1
auauiialadieniiTodayduanaznouiguugil 63 ssrwaied Fuiluguuginldvin

ANAZNOU
2.1.4.2 M510a 11 (Foaming) (W58, 2549)

mafaTduSluauiRidanhfiveaTis@u (functional properties of protein)
iy 117 (egg white) TUsiufiezifia Tlu18Ruazaeia doafinnudangugs aunsanaiiy
wuiduuie naziufwsanefterariizafnfveiniald TaeTusAuitianudangu
famrsofia Ty 18RSl udB A1 surface hydrophobicity ﬁqq Feluszniamsaniemsmld
e T gy TosAuda T daandhas i lfAa Tl (foaming agent) 1519100157 wioifu
pg1guLse W InWuse lalasinussuat luanavo TsAuinan1sFeanInm 9555894 (protein
denaturation) LaIRAN1AATEN (unfolding) ¥e1Tasad 1w TlsAu dadluitdunay suduiiseg

ar 4 a i i
souq Tagviud iy hydrophobic 1918 11T vee Insead 19 Trlunaziud1uniiu hydrophilic

!
v ~ o

5 g a . a o ' { w
panuduuen Fuludimnvh inalassadves Iy TaoRadwwuilaunneg fawisadn

o 1 4 ° ar
uoIn1a 131d 1y WeAwsisan (meringue) s anadnmsavia livuszlalasoulullsivves

Taarrvzumnad Hildlassad e TlsAuinuE16900 AINaADAIINM UM UYDUNDUTIA

] 1 o é”/ 5 @ 1 5 !
nizumMsalvautesnlditluaman munsvugiliazada ldun asseaseu hunais uaz

& =1 Qs a a g .
AtpAIAY duiiAmsina TWuvoaTasAngNe13 011910 foamability 150 foam capacity vaaT1/5@Au

Favgs1ealugy feam power (FP)

EY
WFasvoamamavaaTu vy
Foaming Power (FP) = x 100
15uasvosveavian

- 4 & '
Fp - voeTsAvvzivuionnduduves Tsfunuiuau 1da1gega uay Fp

o & X { o a { wa a {
davnegnuannlsi Idina TWudis FP veaTilsAunlquantififa Ty luemsiaisazareaim

iWutudow 0.5 pH 8 uanaluangian 2.4
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15197 2.4 Foaming power v09 TilsAufifigaiauniafia Tl luomns

Foaming Power Gllﬂs‘!?{'l'iﬁwﬁ'lﬂﬂ'iﬂuﬂ'.l’lu

FoTulsfiu
!‘Ull‘ﬂ‘l!‘iﬂﬂﬁu 0.5 (u‘lﬂi.lﬂﬂﬂﬂ?ﬂ'lﬂi)
Funeaydu (F) 280
ndTlsfu (Whey protein isolate) 600
uaay,mu“lqi {Egg albumen) 240
Tai’ap‘ﬁu (Egg white) 40
Wa1an (7) 260
finr-udnInTnaydu 480
T3 Tutou 360
Tﬂsﬁuc‘i"’zmé‘m (Enzyme hydrolyzed) 500
198U (Acid processed pig skin) 760

fun : 6T (2549)

2.1.5 11018 (sugar) (BUIYY 1Az YHYF1, 2544)

H o o { o 3 @ 1
madlusislszaeuduvidadlunin azareldalnihuaziisaniu daegluermns

]
-~

o = e ' Y & oa ¥ a & ¥ &
dszianailulanse dinafilvweglutowmainduibnihmanssyinindanindes dmail
-1 S [} &
dluylasauigniiovas 99 dognaigrile

2.1.5.0 tmaiioylflumsirdasusiiuings

1) 11A1aNS16917 (Granulated sugar) 1Fwinlumsywansudines ihata
NswTUIMAIINGZIBUANISY AU & Faumiumaz@ean sssum iaeney dmiululssma
= & = A -2 v = ¥

Tnefinanena TE 3 9w1e fe vurasssuan vinendn naneny tevShunsasdon shmanae

A1l dwadnsiinnuazBeatazuy mszvenaudAUE WHETNOUq 10a

[y )
a A

H : . ; ) d
2) 111912l (icing or Confectionary sugar) ihmariiatiilunsazibeaniiudle

Y e
L

] ] Y [ o ar ol o =
1 Twalusgiinlsznudovaz 3 Maliiiellesfumstudadiudeu nieilosdumailundnues
3 . a = LY o ] = g -t
whana daumnnlflumsdi lefazsauduuiladudladnd i gyl anuaziBsavenimayiiail

r ] 5 %) al =y
18 ldmeauaevuLazinl¥funeauladn
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¥
& (=)

S ¥ -
3) Wmansienad (Yellow or Brown sugar)  WIATATUAUIZUNIN
1 X ') w o H Al 1 oA £ oA o v 3 a 3
asuna ussguazasuiuegde uazdutluihman hivsgninssiondt dnady dhaa
= J o =a ar { nl g r 1
a1 lunisindndudindesnisndusea vazivostimiansiouns daulngid
L4 1
Tumshantuazidnunariia miu dyadn Tdldlumsiudaiinnuand driufludedld das
F=y ar PO =
munnuszlasy T ldunlums eeway
2 &4 g . g 3 da
4) WMavINUy W3suan Ing (Milk Sugar or Lactose) 1ilutimaniey luuy
& H a & [ ) T & 2 Y & e '
davi o lunul masiailsiiudmsemiuanunuuazndusa iniasae
] 1 ol P
5) WiAavnuean wio uea Ind (Maltese) ioglunesd laflsomunay
wrmludndasua dalu ¥ lunsinonludaaslsa
1 2 a Aowa A & PR T
wenvinmintand 5 wilaildalinsldieradug lugaamnssuunes wu g
a3 A o H &
120 vIoIan Tnsa (com sugar ¥30 dextrose) (i thmanhnutlsdn Tnmimamn Insailli
” r a a o i
arwvnulsvinadesaz 75 venimmaglase daunin 1lumsiuulvdendadusifldoad
o ¥ ° -
witaaansatinima lll¥ld laenss mldmsmindas v
2.1.5.2 fuaylavesima
2 S i L.
1) @15 liauvu hmaiivais1iaiunnun i Tnsu1n1s Nutritive
= -4 [~ o A A c{ 9 ¥
sweetener) ser@vonimailusannusssumanlsreInsagwdelu nsiisanaiy

s ] 'y e 4w oy o P 8 o
mmmﬂamuiﬂml’amﬂmﬂaumunu iﬂmmmgﬁmﬂummmm‘nuﬁaumauﬂﬂmm‘mm

H 1 @ 1 ¥ o3| o & 3 {
Yaamani1g iy Win Tnadnuniiu 1.3 wvesiaiansid hudy TeeWsniamiluiihean

=4

wiudseiiga uazlinnunnuniiglase himainnusesninylasa de nglag uoalaa
o o o a  a y & A 9
pnazudnTaa mudwy dngisyasananvesms lanaaluennifie malianunnu

¥ o 3w e P 2
2) MIBERIPUL n].uQﬂﬂ"I‘HﬂiiNﬂ'l‘ﬁ'l‘iNﬂﬂgﬂ&'ﬁ'ltlu'ﬂﬂﬂﬂ'lﬂﬂﬂﬂﬂzﬁﬁiﬁ']ﬂblﬂ

= { & ' o 2 X 4 Y- |
Yovaz 30-80 USmaazare tdvslivoddugungll Femsazareldezgeiuilogungligeu

g9 L] L

3y

¥ 4 ? s ] ar ar o 3 i ¥
ﬂ']']lla"lll'lﬁﬁdluﬂ'lﬁaga'lﬂu'l‘llﬂqu']ﬂ']ﬂLlﬂﬂg‘lﬂlﬂ %LMﬂﬂ’Nﬂu‘N‘iﬂTﬂ ﬂlﬂuu’lﬂ‘lﬂﬁﬁgﬁ'wu]'lﬂﬂ

- . 2 o 2 2
fige seeauie glnse daungladuasuealagazasildweq i tnafazasirldies Ae

uanlna
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3) mmiAamhaaiuemis lumseSsuomsulszluazifusneiomsu

=3 1A a ¥ o 3 oo, A 1 [ o o . .
‘lfuﬂﬁwwu'Jmmmmmmnﬂﬂmmnﬂgﬂitmﬂuw"lmﬂﬂwmﬂmau‘lw {nonenzymatic browning

H o

. = 1 1 4:’!’ = 9 é as ar 4
reaction) mwiladszwuhemmsmaiilimbmasuiiudamsddalumsinl§Asountitidu

[ { o 3 & o [N ] o ¥ a
arnlsznou arsmlitifaludadimie wudedd wadulngeziludimiandusavnsonms

a ol
szilasull nalanmsife®iena 1dun
- sy ey (Caramelization) ('ﬁ%ﬂ’l, 2549)

o ¥
WumsldarudougsazarsTumnavenhmaliuensen (Thermolysis)

o

= ﬂa ol ] £ 2y 3 g
saziRanadwe larduyosarssznrovarfvon Idilluasiima U§asorfiansasdusaiiy

darawiify mu mswngTasafamngd 200 swrneaded thezgndsasenlenTuagaves
dmagasalaetl §5na lensu (Dehydration) msﬂszﬂa"uﬁlﬁmﬁuiﬂﬁwﬁﬁ’uﬁzﬁ uagiiun
UYWAY (anhydro ring) Tnudumila Ssauw uasliBduiu Faeiunlsmuszeznaazsedy
qunniifld msilsznevfifatuiorhma ldunandeugs

= = 02 S o L 4
Jupouvasmmnalnsuiams u lacrdy ol

Carametization
HO._ OH OH 0
’\G:k(]\’ /u‘oH
Hoﬂ’ acatic acid{sour)
0% ‘OH glicoss 0
HO - —
OH
HO oR O/\/k((lk, | I'uran(nully)
sucrose malloucaramel Laste)

fructose

Mwi 2.6 nsztumanalgnsnmsulasu

i1 - Crankshaft 017

- l§ffeunaanda ({§i3u1, 2549)

4 ¥ 2o 4 aa .
dievatauea laauien Iae Fulluima3aad (reducing sugar) 1451

da ¥
arudeulunmeiiih (aw > 0.2) fuelluszsiffaainlsznoudisg wnwovatoria Faina

a

3 2 = o &
#o® ndw uazsaRvete s taserdiudifassasdvio lifaszaedi 14 YRS vumand

a & & = N =3 H 4 g |ans ar 1 =
INAYUUIHNSNDA DU ‘]J\i U9 HIDTSHINMTIAYIAYIBINIT ‘H'Ii"l'!ﬂiﬂ?‘]]"i]ﬁﬂ']ﬂgﬂiﬂ'lﬂﬂﬁﬂﬂg T‘H

o

TuTwanavesusuTuidie nszoziilu nazTilsdu 18 fulnaladamTu N-substituted

@ a ¥ = ] ﬂana

glycosylamine)  stazazifnlfismnaiitessuldarsiiinia Fondr Unssuvaaria nie

3

R R & £ ey & o o AT o
nonenzymatic browning °]5\‘1W‘Nil'lﬂﬂ§]ﬂ'iEl’Iﬂ’Iilﬂﬂﬂu'}ﬂ"lﬁmidﬂ’wmuul“ﬁu
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3
a QO

Juneuvoulfnsouuamia Tl

HE==C + H:NR  Amine

Sugar
{aldohexose) “[:Hom‘
CHOH
1) xe
HC=RR
|
{CHOH), Schiff base
CHOR
HC—NHR
{CHOH}s D
| / N-Substituted aldosylamine
cH
CHoOH
HE—NHR o HyC—NKR
COH C=0
(enot form) Amadori compound {Keto form]
{CHGHIy {CHOH)y
CH;CH CH,0M
deamination 1 l deamination
HE=0 CHy
= =0
? R a=Ricarbonyl
CHy intermediates =0
|
(CHOM), (CHOM),
1,011 CH3OH
dehydrationl 1unullzauon
m}:n CHs
11 (ol
ﬁH COH
?H GOH
{;,HOH CHOH
éHgOH CH,0H
R Reductones:
H,GHCQ{,HQ SHNR CHy=~=C0—CHO,

2MNR CH;—C0Q—C0—CHy,
Furfural / CHOH—CO—CO—CHy,
Helanaidins etc,

i 2.7 aszurumsitadffseuuaania

#1141 : WordPress 2017

oo a = o & -
foifevonlfitounaniia AeviildnsassiTuladuduiunsanzdlily

¥ '

o_ ol i = = v & ann a
tudunifieylujisaszunziissdtsznonluTuagaves T sAuandouas duiul§isorimsifing
2 K

L] 1 3 o 1]
anauuviasihIguamlasuinisyvesemisanaide uvennniumniflueims il Tusdu

& a w 1o X I~ 5 t
gauazldfummndougedundasusifinatuaniiuas Heterocyclic amine Haflumsnouzi
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4) maganazmnfiuineauiulastaia guiidnunisgauazAuT e
mm%uﬁmmﬁﬁmdmﬁaﬁ'uﬁ'ﬁ anuamuiunsinydayasveoMITUria n1sge
anuFuvenhmandazriaszuanaiei Sunamauisolumsgannuiuluussente
Wi Inmfushaafiganusuldiaunn sesadlufundnlng g lasa wealna naznudnlna

ar
¥

w3 & ® & ’ o} A ¥ o [} « & d a
gaduiamuilveouhaaiidiugielfemisithimadudiulszaemjuyu msiivsnm
r.?iJ o ar é‘ ‘5.' Ci 3 ot
AMNAY anudsalunmsiunyineiuseaiea weidesduanuasalunisga
é) @ 5 AA’ ¥ E) P ‘g v [
a1 Taev ldmsifusnvianuiuvenihmaduansetiannuiulilalinweeng
UTFOIMEA
e ¥ ¥ Ve a
5) Myagae lazauaulavesaITazaletia inaszazaie1da muilnd
= £ 3 1 ar =y g al =
wwazawlddsvnuivuns 30-80 PSurafiazaisiueddugamgll msazarwldgediusugungd
y 4 4 ¥ ; = ¢ N\
dmanneihihmafiozated Ideuin Ngavgll 25 earnwades 111 nfu azawginsa’ld
ot d' -9 - wa o 153 ] é ‘3’ ) |
2 nfufigungil 90 ssruaaidsanaauinidAyedinilivesaisazainiiaia fio anumila
(Viscosity) (17, 2548)
2.1.53 wihvenhmalundaduninines @5, 2552)
1 IdauunuuANEas )
a ErY s oo ot
2) Midaenveskansuailigady
Py v & ar o
3) snguam InannnsveInaaswe]
4) unAULaEITUDIHART I
o ® o or ag
5) dlusmisvestad MldiAan1sninG 1ty
6) MeTounsuriiaaaqdmsuuaantdudn

1 ] ot 3
7) wslunisaaiy uaz ll¥lanunaduaziuy

1 e & a yé’ s ow & Y
8) saenun1miu i ldilenaadaaiiuey 1duu
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] g =
2.1.5.4 AuAMe1ayINITY0lInIg (0UITe Uazuiing, 2544)

S 2 . @ & H ~ = L2 v

madluumaiwass e isanmbaanswanianuuignindosas 99.5
== a ar i’ = r g s a ar = 1
DITITemulaNaINUYauhmante TasanInimianste 1 nfuliwassu 4 nlaunasd

A o y ¥ q v A ' 2 3 ' P
uonmitenandsuudiatansieluidarsemisdwae adrlsAmutiimaudazaiia
o 1 o ] = a [~1 o £y =
fizulsznevvosussiguatoriie 15U unaBen deadede van Wludu  @1519% 2.5)
-3 ¥ -

TaohmadTiezunadeuazdeadesa Winanzuinuenainez IuaaiFeu vearesa uaz

wan ud8aEaiue uagluosdu Snaae

P 1 H
A1319N 2.5 ﬂﬂ!‘ﬂ'l“ﬂ'lqi.ﬂ‘lfu'l 1FUIHIMATR

AUAIM N LagUINg haanswan @ thaauzni
Wi (flaunas?) 385 370 383
Tilsau (n5u) ' 0 0 0.4
iy (a5 0 0 0.1

a3 Tulamsa (af) 99.5 99.5 95
unaiew (Haansy) 2 76 80
orwWose (Wadnin) - 37 40
widn @adnu) - 2.6 114
Tuezdu @adniu) 0 0 1
Jeiiue (1U) 0 0 280

V1 : BUIYY unsuTiNgT (2544)

2.1.6 @SNUANINIIA (Thickening agent)
arniiuauniiadadiuingidoluomis (food  additives) Wllulalnsnoansed
. [~ i a
(hydrocolloid) TasvuiaTuwanaveslalnsneansdiluIndmed (polymer) MifiasinTwana
& o a0 w g 14 o I = :i I o
Wamganaenuily Tuenalvanliansusiluaiwen  Jvinadlvgniuvemeuny Tuana
¥ J g ' %’ ' 1 ’n. @ o 1 Ity
woul1 15 1unquil Tiazatwlududezuvivasseglud1 TassuduTuwanavo i 144

o o o ¥ ° & sy = . .
msvudInuih Idat e ifas lunguillinaaud@ lumaiiuauniia (viscosity) va10111s
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leTasnoaaned snezflumslunguues miTu'lemsn (carbohydrate)  wio TalsAu

. a da o &
(protein) TagasiRunnunilafiisnFlugaamnssuams Hdsl

2.1.6.3 M35 1w'laaTn (Carbohydrate) (375001, 2551)

2.1.6.1.1 Twauganlse {Polysaccharide)

o

1) A950% (Guar gum)

@ o w 9

[~
fIANENITOANA 1R8N endosperm YOUUARAY guar (Cyamopsis

= =

tetragonolobus) o uAuialulszimadwnsuazindaru degiulldgnlusgnanda

o g ol

o = o [ 1 = A
auigonsm Tassadrvead2dfudluTwdweseaomnavesuuuTue (manose) Ao AudroWwuse

1,4 taglinauwusvoanwaning Taemn 9 2 TuenaveswuTua dedy 1 Tuagavesnuan Tng
o o 9 ar T ' o = s 15

(galectose) A10WUTE 1,6 MINdandmasauuu TuanenwanInadly 21 Javuialudaag
' as o i g o { o o 4

(non-gelling) (A1 nTzIAMazguU Iaa lududu Seldimdinsnluarsiiunnunila

Ql o g ol - at o o
mummmmuazt‘j’um UAZEEMNTAUNA interact AUULEUINUAN (xanthan gum) 'ﬂﬂﬁﬁﬁﬁﬁﬁﬂﬂ

R

ﬁr 3 o ar | L)
Hanuwmiainiy fidulnswannselumsdinildgegad pi 7.5 - 9.0 (1507, 2549)

ot o o/

naanameinisniinason 1l 1dun swrsnsziles o1uas

o =l o
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9151IAAY (Arabic gum) WisuATazen 81T (Acacia gum)
Slusinduernfie (dcacia Senegal L) Ehunadudnatlsd (polysaccharide) Badfounilaniia
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2.1.6.1.2 t¥aglad (cellulose)
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3232  1599930T19Y Moisture content (Mettler Toledo, UszinAwa i)

3233 130430 Chroma meter (Minolta J1 CR-400, Uszinadjili)
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('i"lﬂﬂglﬁﬂﬂﬂ'!i’?l.ﬂi'lzﬁuﬂﬂﬂu MARUINT n1.2.2, n1.3-01.7)

S o S 4 =
3.3.2 ﬂ'l'.iﬁﬂy'lqmﬂgllllﬂznﬁ'ﬂuﬂ']'if]ﬂ“ﬁ\“ﬂﬁﬂllﬂﬁinuﬂzﬁ”ﬁﬂﬂjﬂ'I'Jﬂuﬂ']

]
L

o o a & ¥ 3l - )
dTnyaanad luduinzmizidasnudiuidu luin@sa v 20 wfl Tasldnde

ok g P-4 2 A ' 2 =
guanaavIA@UAIUgHIna1e 10 472 AN s 12 Taelidnsdiuveunfnunsludy
a "% o ° o 1 ] 4 o = ) g ¥
1 Alanfuaeil 3 ans wazinudaauas Tun ey lududunauiinds Wiy 3 i snduazenii
o af A 3} o = o o
ponuazii ldsudlunsosiunandeunuunia TasdmuatSutauanunaly 250 nfy
A8 1079 (VU1 63 x 80 luAINAT) NQuHaN 40, 50, 60, 70 MAL 80 DIAUTHTUT U

270 WIN UAFIMIGUAIBYINA 30 WA (0-270 W)

]
=]

° & @ = & £ ? A = 3 g
wdataansumaninzmiznldenudduluiniien i 20w Tagldndoa
¥ 1 o Y 2 o 4 =1 = = a
uetagvadurugUIna1 10 11 Ay s 41 TaelionsdiuveundaunTudy 1 Alandy
¥ a ° d & o 1 3 d 3 = ¥ s ¥
Ao 3 Aas uazshuudadaarBusrlindunmaninda wiu 3 e inluazidaiiesn
z d ' a_a & { i X

vimiue ladidunkunisnaunn 2 fadwesdreyaluliavualad (i 3.1) deeSealunay

o 4 o 2 & -
(food processer) Uazti1lloudrmasowuvaniouuvuoia lnsdmuatSuisnudadiainBdum




36

r
= =

250 ATU AR 1 817 (63x80 IFUAAT) ARUHQH 40, 50, 60, 70 UAT 80 BIAUVAITEH WU 270 UIN

wag M guaIg 19 30 WA (0-270 1)

muf 3.1 lufleviualad

=1 2 & - 3 o [ s 1 o [ & a
mﬂﬂllﬁ\‘iiultazmﬁﬂﬂ'ﬂﬂ'l]'ﬂuﬂ'lﬂlﬂl?‘f\‘lﬂulﬁﬂlﬂﬂ'liquﬁ']ﬂﬂ'l“lmﬂ‘].ﬂuﬂ’JUE]QHL‘HUH

v . a -g | -~ A' =y ar 1 L)
(aluminium can) T In&MTUGANNUFY (desiceator) UM 30 UNIHOARYUHNVDIAIBE NN

il
= sy o g o =
332.1 msamredaaauiimaniemwyeandauns Iulazadadiadumeunds

o 1 ] g & a ey r o ' o 4 A
ﬂ?'ﬂHWQlNﬁﬂLLWQTNHﬁgﬂJﬁﬂﬂ'Jﬂ'l'.]ﬂuﬂ']ﬂmlﬂ%'lﬂﬂ'lifINﬂ']ﬂU'l\‘]ﬂ'lll“lﬂﬂlﬂﬂﬂﬂ

. Y 2 o o
YLIARIBIAS 0TTUHANBIMIT (food processer) TaldatuTagega win 1 wiil wazsitlimsed

ot

A9 99

he

' X
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o ! o g & = X o a = 1
dedrauaaunt Tuiazmaanm1dumidu 10 n¥y hnimsisiad
A18iAT0 Chroma meter JU CR-400 1hA1# L¥, a* uaz b* 7114 Grwazdeamsiasiziuanslu
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Kaya (2005) ﬁgmmsﬁmammﬁ
Browning Index (BI} =[100 (x - 0.31)] /0.172
iite x = (a+1.75L)/(5.645L +a—0.3012b)
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A15197 3.2 NS TSURUNITNAGBIUUY Central composition design (CCD)

g1y AaaARI (03) Thaanswuaazidon (A5N) wesiusan (n3Y)
1 56.66 26.67 16.67
2 60.00 25.98 14.02
3 56.66 26.67 16.67
4 60.00 20.00 20.00
5 55.13 30.00 14.87
6 50.00 30.00 20.00
7 60.00 20.00 20.00
8 60.00 30.00 10.00
9 60.00 30.00 10.00
10 55.17 24 83 20.00
i1 56.66 26.67 16.67
12 51.74 30.00 18.26
13 55.13 30.00 14.87
i4 57.97 22.23 20.00
15 50.00 30.00 ) 20.00
16 58.76 23.61 17.63
17 60.00 2598 14.02
i8 56.67 26.67 16.67
19 56.68 26.79 16.53
20 53.45 28.23 18.32
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3.3.5.2.1 Asuasizvwanileseonlad (Peroxide value)
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33.5.6 MIUATIZHNNADA

Aeszidoyanisingziaien Tagaeurumsnaasuyugusdayysal
(Completely Randomized Design, CRD) 3iA512¥AMUU5H53U (Analysis of Variance, ANOVA)
HAENATDUAMMIANAIVDIAUNAUAIB Duncan’s New Multiple Range Test (DMRT) RLALAIM

Groau¥ouas 95 dr1ailsunsuinseRan1aada (SPSS 21)
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Influence of Drying Condition and Powder Particle Size of
Watermelon Seed and Sacha Inchi Seed in Making Marzipan
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Abstract

In this study, watermelon seed (WTS} and sacha inchi seed (SIS) were used to totally
substitute for almond in making marzipan. The etfect of drying condition {40 to 80 °C,
0 to 270 min) of cooked WTS and SIS were detected by determining meisture content,
water activity and browning index. The study revealed that significant effects of drying
condition on moisture and water activity of both sceds were decreased when increasing
in drying temperaturc. The increment in temperature and time of drying condition were
indicated the higher value of browning index. Drying condition at 50 °C for 210 min
was selected to be the optimum drying condition of WTS. For SIS, drying condition at
40 °C for 180 min was considered to be the optimum condition. Then the effects of
powder particle size (between 630 and 700, between 560 and 630 and less than 560 um)
of WTS powder and SIS powder on the textural properties of marzipan were
investigated by using texture profile analysis {TPA). The particle size of WTS powder
and SIS powder significantly influenced texture of marzipan, as the smaller particle size
give higher value in hardness and cohesiveness and lower value in adhesiveness
{p<0.05).

Keywords: Marzipan, Watermelon seed, Sacha inchi seed, Particle size, Drying
condition
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4 0.6197 0.0298 0.4139 33.557 50.7614 -17.2044

P a 1 o o A o ow o oo o
a1519% n1.2 msannanuleiesnlad (peroxide value) TundasuaiuiFunuainmaauns Tuly

asiRugmumgiive

nat  Auwledeenlad  Auwlefeanled  wemeulfiiny 1, e, 1C,-1/C,
L Tavsludu Taus duss 1
(dlasi) .
(«,) alasunlasly
(I (C,/C, )
(CJ

0 0.0197 0.0197 0 50.7614  50.7614 0

i 0.0197 0.0494 0.9193 202429 507614 -30.3324
2 0.0197 (.0718 1.2933 139276  50.7614 -36.8338
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3 0.0197 0.0832 1.4406 12,0192 50.7614 -38.7422

4 0.0197 0.122 1.8234 8.1967 50.7614 ~42.5647

o
12 NITUATIZHNIEMLATH
A2.1 MIVATISHANT (L% a *, b
LY A . 1 ] o 1 '

M3IAILUY CIE A201AT09 Minolta § CR 400 Tawazlvar 2* dlusianuaig

J = [} T .’,’ =
(lightness) A1 a*HusmAuauazdiFu7 (redness / greenness) uaza1d sxumdmaouaziiiiy
(yellowness / blueness)

Tagfia L* fie Awaasanuadieweddiaedlugieo 89100 nsdidrar 2= ey

&4 vy A et ¥ Yy Aa ot |

ruwae IMnNuaI9tesnsall a1 (darkness) UAG IR L* ¥IA MUEDITAIAIIUXITININ
(lightness)

1 3 ] = 1 = 1

A1 a* fin swaaIn NN uFuAuas F1do9 (redness / greenness) n3Aid1a7 a* Hauiy

1 o

170 MInsaeauauazdia o* Buay nunsfadiiien

A1 b+ fin muaasn I udmaowaz 3T (yellowness / blueness) ns@ig1A1 6* A1
o 1 =1 g 2 la
huuan nuededivaesuazdiat b Ianiluaunuiedamintu

4 o w a’: 5} a | =i 1 1 5

fouriimadanannassdesitmaioufisun i esns 1989n18429 standard
calibration plate #3711 illuminant M10D C nsiana081e TaaldiiaEaniuasuudiogeiu

] o 1 a L g at 1 :
AuaaskantsIamaiinmsia 94 ﬂﬂﬂﬂﬁﬂllﬁ?ﬂTﬂTlﬂﬁﬂ

AN =
n2.2 msimsizdgaaiiedudavasniduny
N5 UNTIZHAIOATS Texture analyzer JU TAXT plus #10133A Cylinder probes 35

mm (P/35) Tasldan1ie audl

TAXT plus Setting Mode : Texture Profile Analysis (TPA)
Option : Return to start
Pre — test speed : 1.0 mm/s
Test speed 1 5.0 mm/s
Post —test speed : 1.0 mm/s
Stain :80%
Trigger type : Button

Data Acquisition Rate  : 400 pps
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T = A‘ at = o o as
EJEJ'Nﬂi’Iﬂﬂ'I‘i"Jlﬂ‘i'lS‘ﬁlHﬂﬁijﬂﬂﬂﬂdﬂaﬂﬂﬂlcﬁ’ﬂ'l‘af“liuwu UAAIAININAIA

3
mimsianidane il ‘

FORCE —+»

1 =1 ' { a -f '
1) AINUUTS (hardness) HUEBE AMSIGIGATINATUIZHINMSNA
= =1 = o/ Af 3’; = ] ] 1 =
(maximum force) Haathou ldnunisieinsausn Inveilunileveanse gy 17
Al (N)
' j a {o o
2)  AINISINIENUAT (adhesiveness) Wu1804 Nt uiulunisag
@ W o w ] v o [} = @
#1318 HI9MINA 80NRINATIDHTT WD ﬁﬂuamﬂuuﬂﬂmﬁ"wnm Y IR,
=y =1 g} = - -
AUTIN (N.s) UNATILTUN stickiness
1 @ @ = w J
3) mmamrailundsutamnienunteluitiosints vilaen

o/ 1 J ! ' { =1 1 c’.‘; { :', i
anduvesiunlaniarundludiunveinsnansan 2 (Area 2) HAZATIN 1

(Area 1)
FIRST BITE SECOND BITE
DOWN up DOWN up
Hardness
Fracturability
\ P Arfa 2
0 Tca ’” >

Springiness

Adhesiveness TIME" 7

A = 5’ ar ar — o =
AIMNNIARUINT N2.] ﬂi‘Iﬂllﬂﬂ\iﬂﬁ’Jlﬂ‘ﬂﬁﬁluﬂﬁuﬂﬁ‘uﬂdﬂa nnmﬁm’%’mmu

L S
& : . i
R v
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i = j at ar = o/ l =y
MANTARUINT N2.2 M3 iRszRlioduiTvesnaas s NS Tuny

= < =y e~ d
A3 MITAATISFIMITAUNSE
n3.1 msTmsiediSuiaiBesdunidninuadauss (oal  plate  count,  TPC)

(AOAC, 2000)

gulnsal

& .

1) ATUIAIZIHD (petri dish)

2.) nasanaaoua 10 iadansniourtla (test tube)

3.) luTastlula

. 2
4) grine
& =
5}y wifeilaanuau
c? ti} r =
DTy SRz a e S IS 8014
5 Ly
1.) 9116 Y31TD plate count agar
2.) 0.1 % peptone
i PN

MRS INBIMISEYYD

& 4 & o o

3911518918 (plate count agar, PCA) 131131 23.5 0 azanauazySulSuasdae
¥ s o aa o & : Yo,
wnawily 1,000 fiaddas 1l anudeuruemsGsaseazasnus anunilil

=

v A & o A =
aiuge Tuwieilmnudunguvgll 121 sssuaai@es Hunal 15w

mswseuAsazawd IS Ui

wssnasagasld Taunanumdududosas 0.1 Taoiinsvutd TaudSuin

ar a 9 ¥ & o o o

50 N3y azatazdsuSinesalredtnduily 500 Hadans

S

Ems

& t > ' ¥ Py & .

1) Fedred199 17w 25 niu ldaslillugadasaire Tae 3t Us1memize (aseptic
technique) WA uAY peptone water avly 225 fadans wanliiddudremnsoatlunan {Vortex mixer)
vwldasazarudnedeingonis 1: 10 wie 10"

2) ilulngaaisazansinde 1 luilSues 1 faddas voams@eanii 107w fe 107
maslu petri dish

o

3.) 1¥1m01M15 (plate count agar, PCA) figarvgil 43 sermwaidse udnhmsnauldid

O

ar d, T, L gy 4 a
ﬂuTﬁUﬂ’lTﬁHHQTUEﬂuUQﬂaHﬂUTQ‘Iﬂq 1’]\11“ﬂ11‘f15“'ﬂ3ﬂ3

4.) 411 petri dish lilvnfigungil 37 ssruaaidoa Wian 48 ¥alua
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5) ﬂ’m‘imnu‘Iaﬁngﬂqﬁuw‘%ﬁuumms'lumiazmmﬁmN (30 - 300 TaTal)

6) Arnaudeyduvitaiiy (log CFU /mi)

mansa91u Ia TatluazMsseaune

nenfannyrnuwisdeninfuuanands insasaeiusiuanlalad
numumm%aﬁﬁi‘hmu‘[ﬂhﬁﬂg:szm'n 30 - 300 TnTafl mimsauTalafimfennitiresa

& oz 1 a " a 1 at
meammmmﬂwu“luﬁmumu'mTﬂTﬁﬁﬂamama 107U (CFU/ g)

= o =2 o
n3.2 MsaRTEAdTnataauazi (yeast and mold) (AQAC, 2000)
gilnsal
2 "
1.) TTUWIBIHB (petri dish)
2.) HaRANAaBIYLIA 10 daaansniouriila (test tube)
3) luTasilula
4) duiude
4 ~
5) nifeilanuau
3 A’ ] a
pIMIsasoIaTaTazad 1M uRD19
ot AN
1.) 811131089198 Dichloran Glycerol (DG18) agar
2.) 0.1 % peptone
3.) 10 % tartalic acid
“ 3,2
ASIHTENIMITIANYD
o & 3 o ar
FI01M15I009UFD Dichloran Glycerol (DG18) agar U3ng 39.0 n¥N azaeuazliy
4 o o oas o 5 5 & 5
Faasdruhnduiiu 1,000 Haddas 'l ldaimideususmsiGsudeazaonua s1nsiuir iyl
1 g é F i =y ot
sinyelundeflanauduiigungi 121 eermusaiFoa funar 15 wd Yuanudly
T ¥ J ] ' oo o
n3AA1e Vasorsiavate i linunidy 3.5 Taun1stAu 10 % tartalic acid aey
= ot |
Ass s ITazatef NS Imiend
wisuasasatonl Taunanududuiosasy 0.1 Tasvimssan)u Taual3urw 50 ndu
s ¥ & o a as
ararwuazdTuisiasdsthaauil 500 Tadans
[="-}
Ems
u'l o L a 9/ ! A’ = J .
1.) H9a7081981u9u 25 nFu ldasldlugelasmbelaeiTis1Aeini¥a (aseptic
= a an o & ¥ .
technique) WAUAY peptone water as 11 225 Tadans naw i udmnToalunay (Vortex mixer)

ag ldesazae
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aa

2) Halagaaisazarseinde 1 ludbines 1 faddas ldlunasananssfivssy
arsazaetiiefnltTau o Sadans wirldididudoniosiunan (Vortex  mixer) 9214
#15azaw

3.) fe81fTo919 1: 100 wie 107 suldszduiFonvesasazariiedhafiaams
f13AzAERIDE R0 1: 100 Wi 10" Tnla 1 faddns vesnsAestadt 107 wih 8 10° wihas
Tu Petri dish

4 Wim8M13 Dichloran Glycerol (DG 18) Agar igaivgii 50 - 60 aastusaFod A1
aswen AU Tasmsuyunudiuasnanegiadg e rmaudena

5 111 petri dish 'lthiuf 30 ssrrusadva duna13- 55y

SN

ar [:] &’ )
6. iuduTa latiegAunsdunotms luudaza e 3o - 300 Taladl)

d 3 (= -]
7. fuireaunidih (log CFU/ mD)

AAHEUIN Y

uuvilszdiugammumadszamdda

w1 nydszdiupunwmeadssamdudavesdaiamin S
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mInmsfiin sy fimy

Rice products, Bread technology, Bakery technology, Cereal-based products and Fermented-

cereal based products, Starch technology.
w9 Py VYV o 3’ 4 vV P oA ! Yer
TNIAATUITINMFNUIBB/ NI UT TN TIR (ﬂ'li!ﬁi’l'ljz 11‘56614‘-]) ﬁ‘lmu

Young Investigator's Award, the excellent paper of Characteristics of two_cultivars of Thai glutinous

rice and their application to the rice crackers (arare) in the 2" International Symposium on Rice
P

_and Disease Prevention, 26%-27" October, 2008. Wakayama, Japan.

=2 o e ci Var
nuﬂ'l'iﬂﬂﬂ'lllﬁs'ﬂ'H'J'ﬂf.l‘mﬂﬁ‘lﬁﬁl!

oo Y- 3
nuUMsAnynasyuItY aoniunld
Utilization of rice flour and legumes flours in dnNUANENTIUNSITaULMER sudsvana
making gluten-free bread. HHUA

wAeRuneld anvgramnsnuns da1u

Development of pound cake for vegans. o v -
waluladnszeaunanitnuymsatanszdy

IugnaAIENS

Development of healthy ready-to-eat fried rice, . -
P y reacy (orils 3T, w.A.2557-2559)

Value added agricultural products: Utilization of P
UYNEAERS

resistant starch in legume flour for healthy pasta | -
s Y P ouifas 2 ¥, wer.2557-2558)

and bakery product.
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8.1 Publications:

Luangsakul, N, 2003. Varietal Differences of Thai Glutinous Rice in relation to  Quality
Characteristics of Traditional Thai Rice Cracker (Khao-tan). King Mongkut’s Agricultural
Journal, 21(3), pp 55-67. (in Thai)

Luangsakul, N., Kulmanoachwong, D. and Chivavithunekit, P. 2004. Utilization of Skipjack
Fish Bone in Traditional Thai Rice Cracker (Khao-tan) for Calcium Fortification.

King Mongkut’s Agricultural Journal. 22(1), pp 61-69. (in Thai)

Keeratipibul, S., Luangsakul, N. and Lertsatchayarn, T. 2008. The effect of Thai glutinous rice
cultivars, grain length and cultivating locations on the quality of rice cracker (arare).
LWT-Food Science and Technology, 41, 1934-1943.

Luangsakul, N, Keeratipibul, S, Jindamorakot, S. and Tanasupawat, S. 2009. Lactic acid
bacteria and yeasts isolated from the starter doughs for Chinese steamed buns in Thailand.
LWT-Food Science and Technology, 42, 1404-1412.

Keeratipibul, S., Luangsakul, N., Otsuka, S., Sakai, 8., Hatano, Y. and Tanasupawat, S. 2010.

Application of the Chinese steamed bun starter dough (CSB~SD) in breadmaking. Journal
of Food Science, 75, 596-604.

Keeratipibul, S., Luangsakul, N., Otsuka, S., Sakai, S., Hatano, Y. and Tanasupawat, S. 2013.
Effects of the amount of Chinese steamed bun starter dough (CSB-SD} and the activation

time on dough and bread propertics. Journal of Food Processing and Preservation, 37, 232~
244,

Luangsakul, N,, Supasom, B. and Yaiyen, S. 2016. Impact of the Enzymatic Modification of
Rice Flours on In Vitro Digestibilty and Molecular Properties. Journal of Agricultural
Technology. 12(7.2): 2141-2154,

Wongsrisiri, S and Luangsakul, N. 2017. Effect of setting agent on quality of tubed-package on
sesame tofu. Journal of Agricultural Technology. 13(7.1): 1517-1526.

8.2 Conference papers (full text):

Chupanit, W., Mulser, C. and Luangsakul, N. 2003. Utilization of Red Snapper  Fish Bone

In Butter Cookies for Calcinm Fortification. In Proceedings of the 5" Agro-Industrial
Conference THAIFEX AND THAIMEX 2003. Bitec Convention Center, Bangkok. 30™

31 May, 2003: pp: 282-288. {in Thai)

Luangsakul, N. 2004. Effect of Processing Parameters in relation to Qualities of Traditional
Thai Fried Rice Cracker (Khao-Tan), In Proccedings of the 1" KMITL International

Conference on Integation of Science and Technology for Sustainable Development.
KMITL, Bangkok. Thailand. 24"-26" August, 2004: pp: 379-384.
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Luangsakul, N., Katekasem, P., Suksawang, M. and Pornanansiri, S. 2011 The effects of the
amount and type of wheat flour and mixing method on the guality of fortune cookies. In
Proceedings of the 49™ Kasetsart University Annual Conference. Kasetsart University,
Bangkok. Thailand. 174" February, 2011: pp: 200-298. (in Thai)

Luangsakul, N., Siamtong, A., Wongthida, T., and Punga, U. 2011. Effects of dough sheeting,
dough weight and proofing temperature on dough and bread properties using no-time
dough method. In Proceedings of The 12th Asean Food Conference 2011. BITEC Bangna,
Bangkok, Thailand 1618 June, 2011: pp: 556-559.

Lunnawa, P., Luangsakul, N. 2012. Composition and physicochemical properties of starch
isolated from Chinese water chestnut (Eleocharisduleis Trin.). In Proceedings of the 1*
Asean plus three Graduate Research Congress (AGRC 2012). Chiang Mai, Thailand, 1°-2 !
March, 2012. pp: 422-428,

Luangsakul, N., Ruenpirom, S., Boothsri, A. 2012. Pasting properties of Chinese water
chestmut (Efeocharisdulcis Trin.) starch and textural properties of its gel. In Proceedings of
the 14" Food Innovation Asia Conference 2012. BITEC Bangna, Bangkok, Thailand, 14"-
15" Tune, 2012. pp: 37-42.

Luangskul, N., Apiwong, P., Reungsang, M. and Kaewmon, A. 2012 Development of freeze-

dried snack from Chinese water chestnut (Eleocharisdulcis Trin.). In Proceedings of the
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