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Abstract

Restructuration of Pectin / Biopolymer Composite for Application in Food Industry

Pectin is a functional food and widely used in food industry. Thai industries import pectin
with expensive cost. Besides, it is lack of some structural pectin modification technology for new
properties. Therefore, this research aimed to extract the highest yield of pectin from pomelo peel
obtained using different extraction conditions and created composit between pectin and
biopolymer. The highest yield of pectin extraction used 1.0M citric acid at pH4.5 then pectin
extracted was become chunk directly change with citric acid concentration. Physicochemistry of
extracted pectin from pomelo peel, protein (1.53%), arabinose (0.085 g/L) and galactose (0.090
g/L) are higher than their commercial pectin (1.40%, 0.059 g/L and 0.048 g/L, respectively) except
for rhamnose and glucose (extracted pectin, rhamnose 0.030 g/L and glucose 0.102 g/L;
commercial pectin, rhamnose 0.032 g/L and glucose 0.9 g/L). Moreover, extracted pectin has
355.50 g/L methanol, lower moisture content. However, the pomelo pectin showed lower viscosity
than commercial pectin at the same concentration. The results of SEM, DSC and FT-IR presented
that extracted pectin crystal structure was fine and more purify than commercial pectin. For
microbial inhibition test, at 60 ppm, extracted pectin has microbial growth inhibition of gram
positive bacterial strain Bacillus subtilis and gram negative bacterial strain Serratia marcescense.
Although commercial pectin can inhibit growth of gram negative bacterial strains Klebsiella
pneumoniae and S. marcescense, gram positive bacterial strains B. subtilis, Enterococcus faecalis
and Staphylococcus aureus can grow up. In addition, pectin adding to biopolymer type polylactic
acid (PLA) has ability to increase tensile strength and improved Young’s modulus except for
elongation at break was decreased. From this study, information can used to produce or improve

film or new product for food industry.

Keywords : Pectin, Biopolymer, Composit
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g) 0.1M Hydrochloric acid
o4

h) 0.1M Nitric acid

37 3.1 dnvazvosmsanalaauianalannuldenduTornnsariina1ee (a) 0.1M Citric
acid (b) 0.5M Citric acid (c¢) 1.0M Citric acid (d) 0.1M Oxalic acid (e) 0.5M Oxalic acid (f) 1.0M
Oxalic acid (g) 0.1M Hydrochloric acid (h) 0.1M Nitric acid
) A 9 a a o a a Aayy o a =
mmsdenldnsagainanaladu naaunldezihuuauaisazare Isaeu'lsason
& A [ a { [ Aa a {
laiiolSy pH vesasazae)aduiana arensada3nnaNUTNTH 0.1M, 0.5M tag 1.0 M
[ a o g’/ 3’; 1 [ a
1918 pH 4.5 1azyMIANALABUAIY 95% LoNaleanadeasnasaiu Wy arsanaladuae
Aa v v W a I 9 o <= o Y %,’ 9
NANTIVAINY MR UADUSNIHULUAIFUI 1an¥n Iaen tazasaazalerinld Iasaiy
Y 9 A ,3 A a A 9 [ U Y a A o (% Yy ]
[WUTUNGIIUYDINIATAI NI IFanadana lriazneunladuiioniin13lsy pH uad Nvwnalvg
g é [ a d' 9 d' @
Yy Feanvauzveudaauila uaaaluaisied 3.1 91an15naaeelunmsdsy pH  ve
a d' v 9y d' 1T aA [ a Aa A 1 g’/ d' o
msazarvilaaunanaldaannsadununimisaamsadaladuannIagsas a1 uNgIna

anvauzvosnanlaaulfld



~ [ a =1 v Y Aa A 1 a3 1 9
A15197 3.1 anvuzvoulafundnanleaisazatensasain Usunnumdunsanianie

asazane oy laasonlad 10 lamanuilunsa-a19n 4.5

$19814

v 9
AUV UU

0.1 M Citric acid

0.5 M Citric acid

1.0 M Citric acid

a J A a
3.2 wamsnaaeunazInnzinaaniaveulanu
a r'd = a ’o’
3.2.1 maveamsanszHlsua ldsaunazstiavesiiinia
o a o . a { o o
M3 AAT12H 11U5AUTINA87T Kjeldah! 1laduianaldvnnldendule snmsana
k) a A Y 9 a o'aol 9 A 1
A0 NIATATN ANUTNTU 0.1 M 1azAATIEHUIAAAIOIATOY Ton chromatography LWL

%’ %’ a 4 {
amaylase vag ananga lad vansuaszruaadlumsem 3.2



H ¥ 1 =) % =)
a13199 3.2 P5una Tdsaunazihaaludsdaladumamsmnazesananlaauanlaen

Fule
msanalaau
alaaumansm

naldendule
Ts@u (%) 1.40 1.53
usulue (NSuADaNS) 0.032 0.030
o510 Tua (nSuaoans) 0.059 0.085
nuanlad (NSunoans) 0.048 0.090
nglaa (DSuAvans) 0.9 0.102

% Inse (NFuADaAnT) - -

Wyalaa (nSuAvans) . i

a 4 a
322 wammmiamﬂzﬁﬁ1ﬂ§'mmmmuammzﬂma$%@ﬂ
A o a d v [ ] a 9 A A o
Lj\l@‘]/l'lﬂ'lﬁ'gl,ﬂi'lgﬁﬁ’J@ﬂ'l\?ﬁ'liﬁﬂﬂlﬂﬂﬁuﬂﬂﬂmiﬂ\‘l Gas chromatography W‘]J'J'lliJ'Oﬁﬂﬂ!l]

ARUAIY 0.4 M NaOH/80% isopropanol a1sarnan’la duSunauuniuea 0355 nSunedans

v
A o

1 1 aa @ ] o a a 7 & =
(11.079 mmol) L!@]@]i’l%"bJW‘U nsAozFAn luAledasanaaauNiINIs AT 1Y “ﬁ’\iﬂﬁﬂTﬂ!
Aa N YN A ' = 3 9
UJ‘VHHE]EI‘VI’JLFI3WzﬁllﬂllﬂSMTﬂ!NTﬂﬂUWﬂTSﬁﬂHTﬂJ@Q Savary 4182 Nunez (2003) e lagny

Fuanumueasinaau 2.59 mmol

3.2.3 5annuvu

a =

A o a A o A Y Y 9 A 1A
Wwerhwaaaungnannlasnaule GLﬁﬂ’JT?Jﬁ@H‘VIQﬂ!Wﬂ?J 110 a3 alsas WUy

U

a Y

dy A = Y 1 dy Aa ] <3

PFananudui 13.57% FadosninfFainaanudunilusalaaunanmsm 16.53% og1elsn
a 49’ A A [ A Y Y v A A Ay

aw SnuanuduvewladuiianavinuldenduTenazniansmdalilsmaniuiugs

nladunniisaszgadu (8.3%) Nanadlonsadainanududu 0.5 M qungl 65 0e1

= < o .
ratFed (una 2 ‘lf'JIMQ (Kurita et al., 2008)

a 4 4
3.2.4 HAMIAATIEHANUNIIAAI8IATDI Brookfield
msanan)aauainaldenduTenanuduty 3% (wiv) Jamanuniialén 25.3 cP 1o
= [ [ a 9 A 9 a o L= A d‘
Weunuasananadunemsmanisasznaduvredussn Fluka wuniiainnuviiai 88.8
(% a 9 ay a o =l =} d‘ é
P uazmsanalaaunanmsmnueliavesussn Fluka iAnumilafl 574 P a9g9

1 [ a = 9
nanasananlaauanlaendulo



9 ;4
3.2.5 HamsnageUAMANIA ITUMIGUgINT Yo uFoIUANGY
A o & a dy A A o Jd [ dy A A
ﬂ1§ﬂﬂﬁ®ﬂﬂﬂ!ﬁﬂﬂ@]1uﬂ1iﬂﬁﬂﬂﬂ'lili]iil{]ﬂl@\iﬁf’ﬁ]uﬂﬂﬂﬁEJfT'IEJ‘W‘L!‘IjG]'N"] AU LUANLTY
9 1
unsuwIn 1Aun Bacillus subtilis, Enterococcus faecalis Q% Staphylococcus aureus nuaAise
9 1 9 [
uAsNAY AU Escherichia coli, Klebsiella pneumoniae Q& Serratia marcescens Tagldarsana
a 3 A g Y A 9 9 =
nladunsnnaendu Teuagmsmnanududu 60 ppm wamsnadoutaadlua15199 3.3

=

H k4
A1519% 3.3 11 Inhibition zone "UEN’@Hiﬁﬂmﬂﬂ@]u@m‘%ﬁ]uﬂﬂﬁl i)

Inhibition zone (Haduns) vosasanaaau

~

dal a 4
I¥oIaUNTY

nnuldenduTe nMImsmaniyasznady Control
Bacillus subtilis 9.4+0.5 - -
Enterococcus faecalis - - -
Staphylococcus aureus - - -
Escherichia coli - - -
Klebsiella pneumoniae - 74+0.8 -
Serratia marcescens 21.0+1.4 7.7+0.2 -

=1

9
- ulllfﬂllﬁﬂfJ‘]JfJ\iﬂ”ISL%SﬂJjIJ@\?LL‘UﬂﬁL g

Control : Deionized water

9 9
v W a ' v a F)
%TﬂNﬁfﬂi‘Vlﬂﬁ@\‘1fﬂifJ‘]JfJ\?ﬂ”IiH]iﬂﬁJ’f)\iL%ﬂlmﬂﬁﬁﬂ WU @1sanalaaunNIeNITA1In
A 9 = Q‘{ Y é’, a dal S A Y Al [ g
W%@5$Qﬁﬁhulllh’q1/l‘ﬁsl,ufﬂiEJ°UENfﬂiLi]‘iiyell@\1Lﬂfﬂllﬂﬂﬂliﬂllﬂihﬂ’)ﬂﬁWﬂWH‘1}@]1\16] AU B.
~ o J 12 £ o &
subtilis, E. faecalis, S. aureus {0 LLUﬂT]F‘iEJLLﬂﬂJaUﬁRJWH‘Ij E. coli LW]?J’L]T]‘ﬁGluﬂWiEJUENﬂ1i
a 4 ' @ a
Lﬁ]iﬂlﬂl@\‘]llﬂﬂﬁﬁﬂuﬂima‘]JﬁHEJW‘L!‘lj K. pneumoniae Qs S. marcescens dudTanaaauan
A 9 =\ q’ @ 3’; a j} == v J .
lﬂﬁﬂﬂﬁlli’é] 1Jf|1/l‘ﬁcl,ufﬂiEJ‘UENfﬂiL%iﬂJU"UfN!fb”é]L!’]Jﬂ‘ﬂlifll!ﬂillﬂ?ﬂﬁﬂlwuﬁ B. subtilis g
4 2~ £ o & a 1 @ a
llﬂﬂﬁﬁﬂllﬂihﬁﬂﬁ1ﬂwu‘§ S. marcescens G?Nlli]‘ﬂ‘ﬁslufﬂiEJ‘]JENﬂ?ilﬂifQMWﬂﬂ’Nﬁ1iﬁﬂﬂLﬂﬂﬁu
9y = 9 1 1 = Q‘{ @ 3’; a dy ==
1/]1\1ﬂ15ﬂ1ﬂ1ﬂw%ﬁi$gﬁﬁhﬂi$h1m 3 1M LmllllMq‘ifl‘ﬁsluﬂWiEJ“]JENﬂTiL%'iQ‘J"IIfNLG])"E)LL‘]JﬂTIL ]

v o J
UNTNUINTIIWUT  E. faecalis, S. aureus Lla$llﬂﬂﬁﬁﬂllﬂiﬂaﬂﬁ']ﬂwu§ E. coli 1o K.

pneumoniae



{ L g‘l a g o a
5UM 32 muwudasmsdugimsnsyueuseuuniitevesasanalaauainnlaendule (1)

U

(% a FY &' == v J . . j’ ==
tazasanalaaunIenNIsM 2) IOLUANLIYTIINUTD Bacillus subtilis (A) 1¥DUUANITYNY

v

&’ v J
WU Klebsiella pneumoniae (B) L%E’JLL‘]Jﬂ‘ﬁGEJﬁWEJW‘LAﬁ Serratia marcescens (C)



3.2.6 Waﬂﬁ‘ﬂﬂﬁ’ﬂﬂﬂﬁﬂﬂﬂﬁWﬂﬂ’ﬂN%ﬂu

HAINNITNANOUARIBIATEI DSC Adaadlugiii 33 uag 34 wun AT, (glass

. a 4 o A Y A = ' .
transition) WeladuNanannlaenanlelanlssuna 75 serwaimed tagal T, (melting

a A Y = =y a 4
temperature) VodaauIntaonduTelalszua 258 osramed 11005 NS AATIEH

1 a A 9 =\ a £ 1 a Y X o Y 1
DSC wun waaunndendule Hanuuiqns mnnimladunensm Jei1d ldawisa

Wi T, vearladunumsmla

DSC Heat flow
100

90 A
80
70 -
60

50 4™
40 -
30 4
20 -
10 |
0 : : : :

30 80 130 180 230

280 330 380 430 480 530 580

Temperature (°C)

10

1 9 9 A [ a A 9
33 ﬂi17\lllt’f@\1ﬂ1ﬂ1‘i@ﬂﬂa18?]’31%361!@’3&?]580 DSC eumﬁﬁﬁﬂmﬂﬂﬁummﬂaaﬂﬁuTa




DSC Heat Flow

160 -
140
120 4
100
80 -
60 -
40 -
20 -

O T T T T T T T T T T T

30 80 130 180 230 280 330 380 430 480 530 580
Temperature (°C)

= 1 9 Y A o a Y =
E‘lh’l 34 ﬂi']‘V‘IL!ﬁﬂ\‘lﬂTﬂ']'iﬂﬂﬂﬁ?ﬂﬂ?ﬂlliﬂuﬂﬁﬂmiﬂﬂ DSC a3 1sanalaaun1eamsnInInny



a 4 ] 4
3.2.7 MTUATITHHINY functional ﬁ?ﬂ!ﬂ%@\i FT-IR
a d Y A 1 Y [l 1] a A Y =
INNITAUAITIEHAVYLATOI FTIR WU G]')E]EJNET'Iiﬁﬂﬂl‘lJﬂﬁu%']ﬂlﬂﬂ@ﬂ’duiﬁ] UAINITT

A 1 . A o = [ v a A 9 a
AANAULFIVDINY function NAKVUIUATINUNY Lﬂﬂ@u%WﬂW%ﬁizﬂaﬁN wae iaauanued

U

L A

'd
Aa WenSeuieununladunianmssimui ssananaauandenduTelinnuusgns

MnANETaEnalaauNIINIIM

Absorbance Units

0.02
I

0.05 0.06

0.04

0.01
1

I I I 1 I 1
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

= FExiracted pectin === Commercial pectin Pectin from citrus Pectin from apple

~ a 4 [] . 9 A
‘iﬂ‘ﬂ 3.5 ﬂi1WLLﬁﬂQWﬁﬂ1‘i’JLﬂi1$’ﬂ’ﬂH functional A38ATDI FTIR

u




a o a Ja 3 a U
328 Nafﬂﬁ'Jlﬂﬁ13WTﬂﬁ\‘lﬁ'%l'anle!fJﬂéllfJ\‘lWﬁﬂlllﬂ5‘5]1!ﬁl'lt’lﬂ'(,%lfNﬂaﬂﬁﬁﬁuﬂlaﬂﬁﬁﬂu%uﬂﬁ@\i
NIe
a o 9 Y FY Ia 1 A ) a
ﬂ1ﬂﬂ153lﬂ51$‘Viiﬂﬁ\?ﬁﬁNﬂ’Jﬂﬂa@ﬂi}a‘ﬂiﬁﬁu@mﬂ@]iﬁ]ullﬂﬂﬁﬁ]ﬂﬂi'lﬂ Wworwulaauu
J Y A VAo w =2 a A @
TOUAWIASUNIINUVUIA 50 vllliﬂilllﬁi WU NARIVIY 50x VUIAVBIRANIUARUNENADIN

A Y = YA @ 1 a 9
wasnduletvualnamesnuunnInlanunianism



69 T L
B 1 il

' i P iopngd
ofiT @2BRU - %2, 000 38

a \,1 P m A
T 20Kl A1, @80 39mmp

A o 9 = A v v = A A o
E’IJ‘VI 3.6 ﬁﬂ‘Hﬂ!zTﬂﬁ\iﬁi?\iﬂ']ﬂuﬂﬂ"]]@ﬂNaﬂlﬂﬂ@]u@nﬂﬂa@ﬂ SEM (a) Nﬁﬂ!ﬂﬂ@lu‘ﬂﬁﬂﬂﬂWﬂ

nldenduTe (b) wanulaaumamsmaniaaszgads



3.3 wamsmaeulUdnsznnadaduiululonoames

o a { o ' o o a d a a
wnlaaud ldh1dedluzlvesasazate udnimsnaunuluTonedmes viianea-
wananuada (PLA) Tasnaulusasiaiuves)adudas PLA 0%, 3%, 6%, 9% uaz12% lagls
4 { a < 0 4 1 g o
1A504 Internal  mixer NQaMQH 170°C (Hurar 10 Wi udriuduasosdavugihiverirld

d : g 1A o J a
ins1zraaaae 11 FanamsyugdnuiunaanudinuldsenialaauuazPLA 1dduaz

[y}

Y [
amnsodugli 170°c laawdons

3% laau + PLA 6% 11ladu + PLA

9% 1laAu + PLA 12% 1laau + PLA

~ Aa @ A A Yy 9 !
E‘lh/l 3.7 MINTUNTAN PLA ﬂmﬂﬂ@luﬂmmmumumm



PLA
3%tiladu + PLA
6%1ln@A1 + PLA
9%uilaAu + PLA
12%tilaau + PLA

d' g a d’ A 1
517 3.8 msvugineuTiFnonadoumaNIAA19)

3.3.lNﬁﬂTi‘l/]ﬂ’(?ff]‘Uﬂ’JHJG%’LJ“VHuLLiQﬂ‘iZLMﬂ

[ 4
Taol41AT09 ATLAS polymer evaluation products BPI (USA) 1vtinlumsldnszunn
v

270 54 1¥ANUMUIVBIFUNU 3 HaWAT AIANNADMULTINTZUNANLIINAEAN PLA 11
1 1 9 A U A A = a 1 A a A 9
MABAIUITINTZUNIN 0.7 98 uazAve anauainSalaau uaasiudaauiid
A o Y <3 A A v W [ o o A
NdawhldanundasavesTumnaniensenduNuTzHINWUTZ Y09 PLA gnyianonazso

Ay A Aa 3 Y =) Y I S o A A
QﬂLL‘VILl‘VIﬂ’JfJL‘iJﬂ@]uﬂuﬂﬂmm%!ﬂu@ﬂﬂ’ﬂ mm“lwmmmmmuuaﬂm mmmm‘lugﬂw 3.9



1 1
AnNUnNUAINIINIZUND (J)

0.80

0.60

0.40

0.20

0.00 | l

0 3 6 9 12
W3mnaniladu (%)

4 : g 4 o d D e
319 3.9 anuaasmnnuaemuusInszunn NSl aduRLAnA 1Y

3.3.2 HanmInaaoUIaA UL IR TR

) Y
173949 Duro-Tech model M202 ASTMD 2240 1437230 Shore D 11111in Tvaa 4,000 N3
1% 1 a 1 < 1 1 o @
Tag Tauuugu 5 90 30z 5 317 Aanuudanieanudiuniaenmsnan Idinuwlanany

, < g A Y 3 Y g A o o 3 o
ANUDILUUIVUDIUHANNAT 1.66 umuﬂﬁwmﬂuﬁ@ﬂazmmummamfmﬂ‘umaﬂ WNaUDIN1IIN

]
a A 1 ' < a %

[ a o o 1 a a 2 kS ' { o
mwmmwmmauWﬁwumﬂimmzﬂﬂmumwuﬁuuﬂuﬁwammmmumﬁmamﬁmm

o ' 9 A
f10819 3319 3.10



AV RINIT U (Yo)

100

40 -

20

0 3 6 9 12
USnaudadu (%)

d' 1 I~ a [ Y d' a d‘ 1 @
319 3.10 nauaaImANUUTIVBIRIFURa NS AR URLARA 1Y

! ' 9 = . ' J < J A w1 .
ANNNUNDATULLTIAY (Tensile strength) !,La$ﬂ1Lﬂ®iL°ﬁu@ﬂWiﬂﬂ¢nﬂﬂuﬁlﬂﬂ (Elongatlon at

break) Y94 PLA tiag PLA wearui)aauluifSunuaee uaaslugali 3.11 uay 3.12 Tagh arna

9 =

ADAIULTIAIUBY PLA 087 54.16 MPa naziliolinis lanladuaslinunmanuaediuusda

Y Y
% A X

uumnyulsunams@uanlangegaogn 6% waaunaainnuaod1unsiae 106.02 MPa
A A X A g ' o v o P~ 9 [T J J =2 o
vsetiuyuAAly 95.8% uazAsganasnuaIny agln 3.11 dmvaulesiyuanissad?
' 3 v Y v 9 A ' ' s 3 A w1 A
neuatunay lvinalunieasainuiiune mgegavesntlesisudmssadineuvinrznuien
d’w = Y d‘ d’ = a a = d' A dsl o o é
4.79 % Nia9 PLA uaziuud liunasauieimamunlaauadlufSnaimuvyuaudidn a.
A a A A = 1 S I 4 A v 1 o =X o Y
prtlounnaauiiiuashlisigegavesanlefiduanistaaineuviadinaii lian

Y v 1
Aanantuaadiag auaaluglin 3.12



A1 Tensile strength (MPa)
120

100
80
60

40 -

0 % 6 9 12
PFmnamladu (20)

4 1 1 9 . { a § 1 %
N 3.11 ATINLEAIAINNUADAIULTIAY (Tensile strength) N5audaauiuana1any

m Elongation at break (%)
& e

5

4

3 |

2 |

1

0 T T T 1
0 3 6 9 12

P3namladu o)

{ ' o o o 1 § A A
317 3.12 naluaasa e sirudmstadinonana (Elongation at break) Nf3mauiladun

HANAIIAY



v
1 [

lugauueeA1 Young’s modulus aasainainnugarguyesigqnoumsnlaoudnin
3/ L= d' A g a é a d' A a g‘; Y d' A 1
HUNUNUMIANNIUINAN (PLA) Badaauimuasluilsum 3% duldmasnanusangu
[ U ~ ~ = d 1 =\ 9 I 9 1 ]
Youiagnounsildouaning 1986.18 MPa Fuiluaigaganaziinul uaaauaniiooua i
v T Y ' 9
uanaAnY A3 3.13 Faaasiudaauindanuannsalumsmuninnuaisoaediu
=2 A ' o 1 = PR Y 1 o o q¥ s s =
ussRazANudarguueirgnoumslasuaninldnoudied uanduildilesimudanisoa

o 1 Z A A~ A a a9
G]’Jﬂf]uslnﬂuua@a\HlagfNa@a\1lllf]llﬂ’lilWNﬂ%ﬂTmm@Qlﬂﬂ@uaqqﬂ@ﬂ@?ﬂ

M Young's modulus (MPa)

2,500
200 L
1,500
1,000

500

0 3 6 9 12
mnaniaau (%)

= ' = & ' o = <
g‘ﬂ‘i’l 3.13 ﬂiTWL!ﬁﬂ\‘lﬂ”lﬂ\‘l‘VIﬂ’J”lllﬂﬂﬁquﬂ]ﬂ\‘]’lﬁﬂﬂBUﬂ1§LﬂaEJUﬁﬂTW (Young’s modulus) 0

Fnalaaunuanaany



VN 4

unagy

a 1 ] o (% Qy A A 9)
arsladudrulngazsimsananmaueiila mouzwomea nazilasndy uenain
wiinnudidaglugaamnssuonnsuda Tudapiu ldlimsvuladuindaulaanenagiirll
4 - < [ a
lulFlugaamnssudundnale minaaesiiilunsanaladuainnldendulelasldnsa
1 I @ v = [ a A [ a A 9 Y 1
anedludiana aawun nsadasn ennsoanan)aaunndendule’laanii nialalasaae
a a a gJ/ Y o = a 4 wa A A [ 9
30 N9 lUATN NTABBNINAN 1INUU IdThMsAny Az Inziauduliavesladundna 14
1 (% a = dy 'o 1 a Y A A = = Bo}
Wy asanalaay Ianurudiniuaauniamsa JUsuallsau 1.53% Uhmausy
Tud 0.030 NFUADANT 02311 TUd 0.085 NTUADANT NLAA Tad 0.090 NFUABAAT tazng laa
[ 1A a 4 ' a a o 1A ]
0.102 NFuABAAT 3NNTAATITHNUNTYT UL 355.50 Taaniuaoans TiNUNIAoE
Aaa 1 A (% a A 9 A 9 U [ a 9
Fan wazmanuriavesssananladuainulaenduTelmusennarsananaaunianism
= a g = @ a Y A A o P
FIIWANMTAATIHAMANUKHA asananadumemamiianumuzaunazii 114 ums
o a o a A A 49! =i 2 o a J
nenTdannuasnedweiowiedugduazanuiluduaeuvesnisiiluTowedwes
dy @ a A Y v A wa o & a dal A A Y
wennniasananaauninilaenan Tedalgaaniia lunmsdugimsniyveureuuaiize 1a
annensananladuniensmaniisaszgaduilszinm 3 11 uazINKANINATODNITYA
a 4 v 4 a J
ARIIANUTOU WAN1TIUATIZHNY functional AIBIAT09 FT-IR LAZHANIUATIZH IATIAFS
a Ja o a ' ' o a
MeuonveInaniladualondesganssmiolanasousiadeIniianua arsanalaauain
A 9 = a Q‘{ =1 Y A [ 1 [ a 9
nlaenduTelanuuigniuazivina lnamesnumnnnnasananaaunianism
o a 1 a a J Aa a a a A
pamsineu Tlansznialaduuaz luTonedwessiianoauananuoda (PLA) 1o
o dsg a 4 1 1 1 g’; a Y o Y dsg d' 9
' lugduazimazimaaie wun asnsaesytadnulda awsadugdamidesnis
A Aq 1 A 2 ' < T ' '
18 unandadunlad lmvdiuiinaldaanuuidsvesidudamsiuuanuasusanszunn
[ 9
AAAY 18Z9INA1 Young’s modulus Nuaaswadmisodillai waauindanuannsolums
A 2 ) = 2 = A qu A A A , o
MUNIANNTINITOADAIUUIIAIGIVUDY 95.8% 1WplHalaaui 6% tazanusanguyeITag
' A YR 9y T o o 9 I ' K o 1 o A
noumslasuanmlanoudsd uanduildilesimudmsadineunaiuannuazgianas

WelmamulFuavealanuaslal



19NA1301999

Al-Ruqaie, .M., Kasapis, S. and Abeysekera, R. (1997). Structural properties of pectin-gelatin gels.
Part II: effect of sucrose/glucose syrup. Carbohydrate Polymers 34, 309-321.

Einhorn-Stoll, U., Kunzek, H. and Dongowski, G. (2007). Thermal analysis of chemically and
mechanically modified pectins. Food Hydrocolloids 21, 1101-1112.

Elsabee, M.Z., Abodou, E.S., Nagy, K.S.A. and Eweis, M. (2007). Surface modification of
polypropylene films by chitosan and chitosan/pectin multilayer. Carbohydrate Polymers
(accepted).

Fishman, M.L. and Coffin, D.R. (1998). Mechanical, microstructural and solubility properties of
pectin/poly(vinyl alcohol) blends. Carbohydrate Polymers 35, 195-203.

Gilsenan, P.M, Richardson, R.K. and Morris, E.R. (2003a). Associative and segreegative
interactions between gelatin and low-methoxy pectin: Part 1. Associative interactions in the
absence of Ca’". Food Hydrocolloids 17, 723-737.

Gilsenan, P.M, Richardson, R.K. and Morris, E.R. (2003b). Associative and segreegative
interactions between gelatin and low-methoxy pectin: Part 2. co-gelation in the absence of
Ca’". Food Hydrocolloids 17, 739-749.

Grizotto, R.K., Bruns, R.E., De Aguirre, J.M. and De Menezes, H.C. (2007). Technological aspects
for restructuring concentrated pineapple pulp. LWT 40, 759-765.

Koubala, B.B., Mbome, L.I, Kansci, G., Mbiapo, F.T., Crepeau, M.J., Thibault, J.F. And Ralet,
M.C. (2007a). Physicochemical properties of pectins from ambarella peels (Spondias
cytherea) obtained using different extraction conditions. Food Chem. (accepted).

Koubala, B.B., Kansci, G., Mbome, L.I, Crepeau, M.J., Thibault, J.F. And Ralet, M.C. (2007b).
Effect of extraction conditions on some physicochemical characteristics of pectins from
“Amelioree” and “Mango” mango peels. Food Hydrocolloids. (accepted).

Koubala, B. B., Kansci, G., Mbome, L. 1., Crepeau, M. J., Thibault, J. F. and Ralet, M. C. (2008).
Effect of extraction conditions on some physicochemical characteristics of pectins from

"Amelioree" and "Mango" mango peels. Food hydrocolloids.



Kratchanova, M., Pavlova, E. and Panchev, I (2004). The effect of microwave heating of fresh
orange peels on the fruit tissue and quality of extracted pectin. Carbohydrate Polymers 56,
181-185.

Kurita, O., Fujiwara, T. and Yamazaki, E. (2008). Characterization of the pectin extracted from
citrus peel in the presence of citric acid. Carbohydrate Polymers 74, 725-730.

Li, F.T., Yang, H., Zhao, Y. and Xu, R. (2007). Novel modified pectin for heavy metal adsorption.
Chinese Chemical Letters 18 325-328

Liu, L., Won, Y.J., Cooke, P.H., Coffin, DR., Fishman, M.L., Hicks, K.B. and Ma, P.X. (2004).
Pectin/poly(lactide-co-glycolide) composite matrics for biomedical applications. Biomaterials
25,3201-3210.

Menoli, A.V. and Beleia, A. (2007). Starch and pectin solubilization and texture modification
during pre-cooking and cooking of cassava root (Manihot esculenta Crantz). LWT 40, 744-
747.

Morris, G.A., Hromadkova, Z., Ebringerova, A., Malovikova,A., Alfoldi, J. and Harding, S.E.
(2002). Modification of pectin with UV-adsorbing substitutents and its effect on the structural
and hydrodynamic properties of the water-soluble derivatives. Carbohydrate Polymers 48,
351-359.

Norziah, M.H., Kong, S.S., Karin, A.A. and Seow, C.C. (2001). Pectin-sucrose-Ca2+ interactions:
effects on rheological properties. Food Hydrocolloids 15, 491-498.

Olano-Martin, E., Rimbach, G.H., Gibson, G.R., & Rastall, R.A. (2003). Pectin and pectic-
oligosaccharides induce apoptosis in in vitro human colonic adenocarcinoma cells. Anticancer
Research, 23(1A), 341-346.

Ough, C. S. and Amerine, M. A. (1988). Methods for Analysis of Musts and Wines . 377 pp. In.

John Wiley and Sons, New York.

Pilnik, W. (1990). Pectin a many splendoured thing. In G.O. Phillips, P. A. Williams, & D.J.
Wedlock (Eds.), Gums and stabilizers for the food industry (pp. 313-326). Oxford: Oxford
University Press.

Savary, B.J., Hotchkiss, A.T., Fishman, M.L., Cameron, R.G., and Shatters, R.G. (2003).
Development of a Valencia orange pectin methyl esterase for generating novel pectin
products. In F. Voragen, H. Schols, & R. Visser (Eds.), Advances in pectin and pectinase

research (pp. 345-361). The Netherlands: Kluwer Academic Publishers.



Savary, B.J. and Nunez, A. (2003). Gas chromatography-mass spectrometry method for
determining the methanol and acetic acid contents of pectin using headspace solid-phase
microextraction and stable isotope dilution. Journal of Chromatography A 1017, 151-159.

Singthong, J., Ningsanond, S., Cui, S.W., and Goff, H.D. (2005). Extraction and physicochemical
characterization of Krueo Ma Noy pectin. Food Hydrocolloids 19, 793-801.

Thomas, M., Guillemin, F., Guillon, F. and Thibault, J.F. (2003). Pectins in the fruits of Japanese
quince (Chaenameles japonica). Carbohydrate Polymers 53, 361-372.

Willats, W.G.T., Knox, J.P., and Mikkelsen, J.D. (2006). Pectin: new insights into an old polymer
are starting to gel. Food Science & Technology 17, 97-104.

Yamada, H. (1996). Contribution of pectins on health care. In J. Visser,&A.G. J. Voragen (Eds.),
Pectins and pectinases (pp. 173—190). Amsterdam: Elsevier.

Yamada, H., Kiyohara, H., and Matsumoto, T. (2003). Recent studies on possible functions of
bioactive pectins and pectic polysaccharides from medicinal herbs. In F. Voragen, H. Schols,
& R. Visser (Eds.), Advances in pectin and pectinase research (pp. 481-490). Dordrecht:
Kluwer Academic Publishers.

Yapo, B.M., Lerouge, P., Thibault, J.F. and Ralet, M.C. (2007). Pectins from citrus peel cell walls
contain homogalacturonans homogenous with respect to molar mass, rhamnogalacturonan I

and rhamnogalacturonan II. Carbohydrate Polymers 69, 426-435.



Curriculum vitae

Name: Chokchai Wanapu (Intapruk)

Sex:

Nat

Male

ionality: Thai

Religion: Buddhism

Home Address: 114/246 Ratchsima-Pakthongchai Road, Nong Ja Bok, Muang, Nakhon ratchasima

30000, Thailand.

Present Status: Associate Professor in Institute of Agricultural Technology, Suranaree University

of Technology, Nakonratchasima 30000, Thailand.

Education Background and Experience:

From 1978 - 1982: B.Sc. (Chemistry) from Department of Chemistry, Faculty of Science,
Chiangmai University, Chiangmai, Thailand.

From 1982 - 1984: M.Sc. (Biochemistry) from Department of Biochemistry, Faculty of
Science, Mahidol University, Bangkok, Thailand.

From 1991 - 1994: Ph.D. (Engineering in Biotechnology) from Department of Biotechnology,
Faculty of Engineering, Osaka University, Osaka, Japan.

From 1996 — 1997: Head of Department of Biochemistry, Faculty of Science, Prince of Songkla
University, Hatyai, Songkla 90110, Thailand.

From 1997 — 1999: Director of Center of Scientific and Equipment, Walailak University,
Nakonsritummarat 80000, Thailand.

From 1999 — 2001: Director of Technopolis, Suranaree University of Technology,
Nakhonratchasima 30000, Thailand.

From 2002 — 2005: Manager of SUT’s Farm, Suranaree University of Technology,

Nakhonratchasima 30000, Thailand.



From 2006 — 2011: Chair, School of Biotechnology, Institute of Agricultural Technology,

Suranaree University of Technology, Nakhonratchasima 30000, Thailand.

Scientific Experients:
Plant and microbial molecular genetics
Fermentation Techniques

Biopolymers

Symposium:

Krongjai, T. and Wanapu, C. (2004) The transformation of chitinase gene into grape plants. The 4"
National Symposium on Graduate Research. 94.

Usansa, U., Wanapu, C. and Boonkerd. N. (2004) Effect of alcoholic fermentation temperature on
red wine flavor. The 4" National Symposium on Graduate Research. 124.

Wongkalasin, K., Wanapu, C. and Rodtong, S. (2004) Selection of maolactic bacteria for wine
fermentation. The 4" National Symposium on Graduate Research. 128.

Kuapunyakoon, T., Wanapu, C., Boonkerd, N. and Chervin,C. (2004) What is the gene which
expression depends ethylene receptor inhibition in berry of Carbernet Sauvignon at veraison.
The 4" National Symposium on Graduate Research. 93.

Cheunkum, O. and Wanapu, C. (2002) Production of Lactic acid from cassava solid waste.The 3"
National Symposium on Graduate Research.633-634.

Sripunya, P. and Wanapu, C. (2005) Selection of Yeast Strains Containing B-glucosidase for
improving Aroma in Grape Wine. 31st Congress on Science and Technology of Thailand at
Suranaree University of Technology, 18 — 20 October 2005, B0100.

Tasing, K., Wanapu, C., Boonkerd, N., Wongkaew, S. (2005) Transformation of grape calli variety
shiraz with Leucaena chitinase cDNA. 31st Congress on Science and Technology of Thailand at
Suranaree University of Technology, 18 — 20 October 2005, B0109.

Wongkalasin, K., Wanapu, C. and Rodtong, S. (2005) Selection of malolactic bacteria for wine
fermentation. 31st Congress on Science and Technology of Thailand at Suranaree University of

Technology, 18 — 20 October 2005, BO116.



Lertpinyochaithaworn, N., Sripiromrak, A. and Wanapu, C. (2005) Ma-Maow wine production. 31st
Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 —
20 October 2005, B0139.

Usansa, U., Wanapu, C. and Boonkerd, N. (2005) Effect of alcoholic fermentation temperature on
red wine flavor. 31st Congress on Science and Technology of Thailand at Suranaree University
of Technology, 18 — 20 October 2005, F0028.

Wanapu, C., Rattana, P., Teaumroong, N. and Boonkerd, N. (2005) Success stories of stainable
factory Management for the Thai traditional alcoholic beverage enterprises. In International
Symposium on “Corporate sustainablility management — approaches and applications” 24-25
November 2005, Bangkok. Session 2B-3: 1-8.

Boonkerd N., Teaumroong, N., Wanapu C. and Chankhun Y. (2005) Application of Bio and
Bioorganic fertilizers in organic farming systems for sustainable agriculture. In International
Symposium on “Corporate sustainablility management — approaches and applications” 24-25
November 2005, Bangkok. Session 2B-4: 1-7.

Muaenjang, T. and Wanapu, C. (2006) The study of ethanol production of thermotolerant yeast S1
strain. The 11" Biological Science Graduate Congress, 15-17 December 2006, Bangkok.

Sripiromrak, A. and Wanapu, C. (2006) Isolation and classification of thermotolerant yeast for
ethanol production. The 1" Biological Science Graduate Congress, 15-17 December 2006,
Bangkok.

Wasuwan, R., Boonkerd, N. and Wanapu, C. (2006) Classification and nitrogen fixation efficiency
analysis of Azolla species in rice fields of Thailand. The 1" Biological Science Graduate
Congress, 15-17 December 2006, Bangkok.

Usansa, U., Wanapu, C. and N. Boonkerd (2005) Effect of alcoholic fermentation temperature on
red wine flavor. 317 Congress on Science and Technology of Thailand, Chaing Mai, 2005.

Usansa U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz,
S. and Zarnkow, M. (2008) The use of response surface methodology to optimize malting
conditions of two black rice varieties (Oryza sativa L. indica) as a raw material for gluten- free
foods. First International Symposium on Gluten-Free Products and Beverages, Cork, Ireland,

September 2008.



Usansa, U., Burberg, F. Geiger, E., Back W., Tea-umroong, N., Wanapu, C. Arendt, E. K., Kreisz,
S. and Zarnkow, M. (2009) The optimization of malting condition for Thai rice. 10" RGI-
Congress. Pattaya, April 2009.

Usansa, U, Geiger, E., Wanapu, C. and Teaumroong, N. (2009) Improvement of nitrogenous
content in wort produced from rice malt. ASBC Annual Meeting. Arizona, USA June 6-10,
20009.

Kongkaew, A., Wanapu, C. and Usansa, U. (2010). Response surface optimization of wort
production for brewing from rice malt using commercial enzymes and malt barley. The 16"
Asian Agricultural Symposium on Agricultural Technology: Sufficiency Agriculture, August 25
—27, 2010, Faculty of Agricultural Technology, KMITL, Bangkok, Thailand.

Satsum, A, and Wanapu, C. (2010). FT-IR study for hydroxyapatite/alginate nanocomposite
beads. The 3" SUT Graduate Conference 2010, November 21 — 23, 2010, Suranaree University
of Technology, Nakhonratchasima, Thailand.

Li, L., Wanapu, C., Huang, X., Huang Q., and Huang, T. (2010). Genetic variation of Brassica
napus cultivars using SSR markers. The 3" SUT Graduate Conference 2010, November 21 —
23,2010, Suranaree University of Technology, Nakhonratchasima, Thailand.

Kongkaew, A., Wanapu, C., and Usansa, U. (2010). Beer production from rice malt based in pilot
scale brewing : chemical and sensorial properties approach. The 3" SUT Graduate Conference
2010, November 21 — 23, 2010, Suranaree University of Technology, Nakhonratchasima,
Thailand.

Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable
polymer with convertional encapsulation. Burapha University International Conference 2012,
July 9-11, 2012, Burapha University, Chonburi Thailand.

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast
Production. Burapha University International Conference 2012, July 9-11, 2012, Burapha
University, Chonburi Thailand.

Ditsayabut, P., Kupittayanant P., and Wanapu, C. (2012). High selenium-Enriched Yeast
Production. School of Biotech, IAT, SUT 1" International Colloquium, July 16-20, 2012,

Suranaree University of Technology, Nakhonratchasima, Thailand.



Lertpinyochaithaworn N, and Wanapu, C. (2012). Effect of ethanolic on black-kernal rice
flavonoids character. School of Biotech, IAT, SUT 1" International Colloquium, July 16-20,
2012, Suranaree University of Technology, Nakhonratchasima, Thailand.

Muaenjang, T., Ponchana P., and Wanapu, C. (2012). Improved Enzymatic Hydrolysis of Cassava
Residue by Polyethylene Glycol Addition. School of Biotech, IAT, SUT 1" International
Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima,
Thailand.

Pinpeangchan, S, And Wanapu, C. (2012). Controlled releasing of urea fertilizer by biodegradable
polymer with convertional encapsulation. School of Biotech, IAT, SUT 1" International
Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima,
Thailand.

Pliansrithong P., Usansa U., and Wanapu, C. (2012).Protein Properties in Broken Rice for
optimizing of Rice Ratio in Beer Production. School of Biotech, IAT, SUT 1" International
Colloquium, July 16-20, 2012, Suranaree University of Technology, Nakhonratchasima,
Thailand.

Satsum, A, and Wanapu, C. (2012). FT-IR study for Aiginate/Hydroxyapatite/latex
Nanocomposite Beads. School of Biotech, IAT, SUT 1" International Colloquium, July 16-20,

2012, Suranaree University of Technology, Nakhonratchasima, Thailand.

Scientific Publication:

Intapruk, C., Tirawanchai, N., Wilairat, P. and Panyim, S. (1984). Application of cloned
malaria parasite DNA in strain identification. Mahidol University Annual Research
Abstracts 11, 297.

Intapruk, C. (1984). in Manual for international laboratory workshop "Genetic engineering
techniques in tropical diseases research" to be published by WHO special programme for
research and training in tropical diseases, 195-204.

Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradubkul, S. and Panyim, S. (1984). Strain
characterization of human malaria parasite, Plasmodium falciparum, by the use of a cloned

parasite DNA probe. Microbial utilization of renewable resources. 4, 210-213.



Tirawanchai, N., Intapruk, C., Wilairat, P., Yuthavong, Y. and Panyim, S. (1985). Cloning of
repetitive DNA from Plasmodium falciparum and its use in strain and species identification.
Mahidol University Annual Research Abstracts, 12, 250.

Intapruk, C. (1985). in Manual for national laboratory workshop "DNA cloning techniques" (in
Thai) to be published by the National Center for Genetic Engineering and Biotechnology, the
Ministry of Science and Technology, 172-188.

Wilairat, P., Tirawanchai, N., Intapruk, C., Tungpradabkul, S., Sertsrivanich, R., Panyim, S.,
Yuthavong, Y. (1985). Recombinant DNA techniques as potential diagnostic means. Ann. Ist.
Super. Sanita. 21, 299-305.

Sriroongrueng, W. and Intapruk, C. (1989) The prenatal diagnosis of thalassemias (in Thai).
Songkla Med J. 6, 428-435.

Intapruk, C., Higashimura, N., Yamamoto, K., Okada, N., Shinmyo, A. and Takano M (1991).
Nucleotide sequences of two genomic DNAs encoding peroxidase of Arabidopsis thaliana. Gene
98:237-241.

Intapruk, C., Yamamoto, K., Fujiyama, K., Shinmyo, A. and Takano, M. (1993). Cloning of
cDNAs encoding two peroxidases of Arabidopsis thaliana. J Ferment Bioeng 75: 166-172.

Shinmyo, A., Fujiyama, K., Kawaoka, A. and Intapruk, C. (1993). Structure and
expression of peroxidase isozyme genes in horseradish and Arabidopsis. In: KG Welinder, SK
Rasmussen, C Penel and H Greppin, eds, Plant Peroxidases Biochemistry and Physiology.
Univ Geneva, Switzerland, pp 222-228.

Intapruk, C., Yamamoto, K., Sekine, M., Shinmyo, A. and Takano, M. (1994). Regulatory
sequences involved in the peroxidase gene expression in Arabidopsis thaliana. Plant Cell
Reports 13: 123-129.

Intapruk, C., Takano, M. and Shinmyo, A. (1994). Nucleotide sequence of a new cDNA for
peroxidase from Arabidopsis thaliana. Plant Physiol. 104: 285-286.

Wanapu, C. and Shinmyo, A. (1996). cis-Regulatory of the peroxidase gene in Arabidopsis thaliana
involved in root specific expression and responsiveness to high-salt stress. Ann New York Acad
Sci. 782 (12): 107-114.

Rodtong, S.; Wanapu, C. and Ishizaki, A. (2000). Starch-utilizing bacteria for L-lactic acid

production. The 12" Annual Meeting of the Thai Society for Biotechnology. 52.



Kanchanatawee, S., Wanapu, C. and Ketudat-Cairns, M. (2000). Biotechnology postgraduate
program in Thailand. Thai J. Biotechnol. 2, 55-62.

Sripo, T., Phongdara, A., Wanapu, C. and Caplan, A.B. (2002). Screening and characterization of
aldehyde dehydrogenase gene from Halomonas salina strain AS11. J. Biotech. 95, 171-179.

Kuapunyakoon, T. and Wanapu, C. (2003). Effects of diammonium phosphate (DAP)
supplementation on growth rate and ethanol production of Saccharomyces cereviseae K1-V1116
in tamarind wine. Suranaree J. Sci. Technol. 10: 147-151.

Sripunya, P., Wanapu, C. and Boonkerd, N. (2005). Effect of B-glucosidase enzyme in
Saccharomyces cerevisiae on aroma production during mango (Chok-anan) wine fermentation.
Thai J. Biotechnol. 6: 50-56.

Usansa, U., Sompong, N., Wanapu, C., Boonkerd, N. and Teaumroong, N. (2009). The influences
of steeping duration and temperature on the Ol- and B- amylase activities of six Thai rice malt
cultivars (Oryza sativa L. indica). J. Inst. Brew. 105 (2) 140-147.

Teaumroong, N., Wanapu, C., Chankum, Y., Arjharn, W., Sang-Arthit, S., Teaimthaisong, K. and
Boonkerd, N. (2010). Production and application of bioorganic fertilizers for organic farming
systems in Thailand: A case study. In: Insam, H. , Franke-Whittle, I. and Goberna, M. (eds).
Microbs at work: from wastes to resources. Springer-Verlag, Berlin, Heidelberg. 294-296.

Usansa, U., Burberg, F., Geiger, E., Back, W., Wanapu, C., Arendt, E.K., Kreisz, S., Boonkerd,
N., Teaumroong, N. and Zarnkow, M. (2011). Optimization of malting for two black rice
varieties, black non-waxy rice and black waxy rice (Oryza sativa L. Indica). J. Inst. Brew.
117(1), 39-46.

Vechklang, K., Boonanuntanasarn S. Ponchunchoovong, S., Pirarat N. and Wanapu, C. (2011).
The potential for rice wine residual as an alternative protein source in a practical diet for Nile
tilapia (Oreochromis niloticus) at the juvenile stage. Aqua. Nut., 17(6), 685-694.

Li L., Wanapu, C., Huang, X., Huang, T., Li, Q., Peng, Y. and Huang, G. (2011). Comparison of
AFLP and SSR for Genetic Diversity Analysis of Brassica napus Hybrids. J Agri. Sc. 3(3), 101-
110.

Boonterm, C., Wanapu, C., Silapapun, A. and Boonkerd, N. (2011). Effects of nitrogen, potassium
fertilized, and clusters per vine on anthocyanins content in cabernet sauvignon wine. Suranaree

J. Sci. Technol. 18(1), 41-54.



Li, L., Huang, X., Wanapu, C., Li, Q., Huang, G. and Huang, T. (2011). Genetic diversity analysis
of 25 rapeseed varieties from Guizhou rapeseed regional test by SSR marker. Guizhou Agri. Sc.
11, 1-4 (in Chinese).

Wanapu, C., Sripunya, P. and Boonkerd, N. (2012). Selection of yeast strains D—glucosidase for
improving wine aroma. J. Agri. Sc. Technol. B, 2, 691-702.

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Beer production from rice mait based in pilot-
scale: volatile compounds and sensorial properties analysis. The Journal of King Mongkut’s
University of Technology. 3(1), 86-94.

Kongkaew, A., Usansa, U. and Wanapu, C. (2012). Optimisation of wort production from rice
malt using enzymes and barley malt. Af. J. Biotech. 11(42), 9941-9949.

Vechklang, K., Lim, C., Boonanuntanasarn, S., Welker, T., Ponchunchuwong, S., Klesius, P.H. and
Wanapu, C. (2012). Growth performance and resistance to Streptococcus iniae of juvenile Nile
tilapia (Oreochromis niloticus) fed diets supplemted with GroBiotic-A and Brewtech dried

brewers yeast. J] App. Aqua. 24, 183-198.

Patents:5 Thai patents and 3 Trade Secrets.

Current Research Works:

1. The Bioprocess Control of Microbial Alginates for Industrial Production.

2. Composition of Biopolymer and Filmogenics.

3. Improvement of Bioethanol Production by Using Thermotolerant Yeasts and Bioconversion.

4. Thai Rice Beer Production.


http://caod.oriprobe.com/articles/25645623/Genetic_Diversity_Analysis_of_25_Rapeseed_Varieties_from_Guizhou_Rapes.htm
http://caod.oriprobe.com/articles/25645623/Genetic_Diversity_Analysis_of_25_Rapeseed_Varieties_from_Guizhou_Rapes.htm

