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Abstract

Previous research showed that jackfruit bulb (Artocarpus heterophyllus,
Thongpresert cultivar) extract contains oligosaccharide with a degree of polymerization (DP) 6
and it could enhance the growth of probiotics which are a benefit bacteria in the colon. The results
from this research by using the cheaper cultivar (Thongsudjai cultivar) showed that chemical
compositions in bulb and fiber jackfruit (Thongsudjai cultivar) were almost the same. Moisture,
ash, protein, lipid and carbohydrate contents in bulb was 78.48%, 0.65%, 0.88%, 0.20% and
19.78%, respectively and all contents in fiber was 79.33%,0.79%,1.13%, 0.62% and 18.13%,
respectively. They were composed to fructose, glucose and sucrose but it was higher in bulb.
Non-reducing sugar extraction which represented as oligosaccharide in laboratory scale found
that air drying at 50°C for 18 hour reduced moisture in bulb and fiber to 68.44% and 63.41%,
respectively. Using dried sample induced to get significantly lower (P<0.05) extraction yield than
fresh sample while stirring (intermittent, interval 30 minute and continuous stirring, 250 rpm) and
solvent concentration (50% and 95% ethanol) were not significantly affected (P>0.05) to
extraction yield. The highest content of non-reducing sugar obtained from bulb (95% ethanol with
continuous stirring) was higher than fiber with the value of 321.52 and 126.89 g/kg, respectively.
High performance liquid chromatography (HPLC) showed that non-reducing sugar in jackfruit
bulb extract composed of oligosaccharide DP4 and DP 6-7 in a concentration of 11.11% and
2.18% of total sugar. In addition, it composed of sucrose , glucose and fructose 44.82%, 25.02%
and 16.87%, respectively. Due to the higher of non-reducing sugar content, jackfruit bulb was
selected to study the effect on temperature, time extraction and sample to solvent ratio by Box-
bhenken experimental design in response surface methodology. Computor calculation by mention
with the datas from experimentals was found the highest non-reducing sugar content (414.50

g/kg) could be extract at 30°C for 60 minute with a ratio of sample to solvent 1:9 and the value of



®)

repeatable extraction in laboratory was 453.28 g/kg. However, it was found that non-reducing
sugar content from the same condition extraction in pilot plant (57.58 g/L) was lower than
laboratory scale.

The hydrolysis resistance showed that non-reducing sugar which was
representative of oligosaccharide was lower than inulin. The non-reducing sugar in this
experiment was hydrolyzed in the simulated condition such as mouth, stomach and and small
intestine as 0%, 10.35% and 52.18%, respectively. However, about 34.47% of remaining part

could reach to the colon.
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Table 1. Proximate analysis and nutrient compositions of matured bulb, fiber and seed of jackfruit

(based on 100 g wet basis).

Composition Matured bulb Fiber Seed
Moisture (%) 72.90 66.60 60.70
Fat (%) 0.30 0.00 0.20
Carbohydrate (%) 23.70 29.20 30.60
Dietary fiber (%) 0.90 1.80 1.60
Protein (%) 1.70 1.40 5.50
Energy (Kcal/g) 94.00 122.00 146.00
Calcium (mg) 27.00 21.00 0.00
Phosphorus (mg) 38.00 13.00 105.00
Iron (mg/) 0.60 0.20 2.90
Vitamin B 1 (mg) 0.09 0.08 1.74
Vitamin B 2 (mg) 0.11 0.15 0.02
Vitamin C (mg) 9.00 13.00 3.25
Niacin (mg) 0.70 0.00 24.00
Vitamin A (IU) 329.00 0.00 22.00

N: ug¥a aele (2529)

1.2 yyuiiuglukszmalng

yyuitioutgnludszmalnentsesnidu 2 Uszian fe

o A

g Y = = S o g 1
1.2.1 YHUHHI UH0eHensoU divasaned a1t e29la toudy U

a o 4 Y 1 o do 4 (2] o Y !
neulgnanTasna 1) ayumiislivarewug ldun wugsuhnseu wugaite Wugihoay

o

J a o J I EY 4 a I o J
ugnestlszias guasiugnosgale dudu vyyunugnetszas pluayyuwugn auise

a 9 A = [ A g‘; 1A Aa A <3
ﬂﬂﬂﬂ@ﬂﬁﬂwaqﬂLNQBWﬂ 2 1 wasnsian Tmﬁ]zmJaﬂﬂﬂaﬂmumﬂaumqmﬂuuazﬁmﬂ‘u

Q Y

g’/ 1T A Y

Meananan lanaaRoungAInIoY anvazransudenan minmaslssana 10-15



a o Aa L&l ax A a v Y = zg I
nlansy WIae  1UBYNIHUT UAIHA0IN0d SAXIAYMIIU NTBY Falos  uaziiiedlu
| Y %,’ o
arulsznevllssuiasesas 50 v HInNa
= 24} ~ = ' 9 I a A '
1.2.2 yyuazya ilieeilen azmiied ABUYINDIL 8IUAN TANINY UNAUNBY LG
[ ] a v a é é a % 9 A
Tisieetiongnuinmiin ayustianile Fetisulgniuuinnimaldvesilszmanefo
o [ & 9 <3 = 9 A é’
t1ag anvue Taena liadroayu madnenBerndrenailn 1Waenuis ey savau
nauriey (Aasan Ine, 2550)

o d
1.3 yyuiugnegale

4 I Aa ~ v o =K [ < ]
yyuiugnesgaluiluvyuifanaanuiniganuguiia ansazsaiugyly

Q

=

] 9 1 aa ° g A o Y an A 9
ﬂ’f)uGUNﬂaiJlmgﬂlﬁﬂJu Tﬂﬂiﬂﬂuﬂ’ll YUAUUTUDNIND UBIUDYUASUALUADIUUY T HINU
g v a w A %} v d' a 7 1 A
umuﬂwaﬂizmm 8-29 ﬂIﬁﬂﬂJ mamwuﬂiﬂﬂmaﬂﬂizmm 20 ﬂIﬁﬂﬁJﬂ@Wﬁ waenwa
1 9 dy [ = A 9 =~
ADUUYNUN ﬂmﬂwmmmau Luﬁ]ﬂﬁ]ﬂi‘ﬁiy U TN ADINDIUVUAIYNY Miﬁﬂ’ﬂu‘]JTLlﬂﬁN
1 a dy A A 9 2 A ] (= dy
W'lﬂﬁjuﬁﬂﬂg.’ﬂﬂﬂ\?ﬁ@wa IUDISIAYALNIICAITUUIUAADN mwaqﬂmuﬂumﬂumlu@ﬂ IHUD
8299ZURINTOV TEAHU 1INToyasIMmedIdumUsInaIanaNdUA UNEATIHIsZ M
1 J v J a A J v J [
Ine (2555) wunsmnedauesvyuiugneslszaigisnumanNuyuiugnesgals a9

uandlu Table 2

Table 2. Wholesale price of jackfruit Thongprasert and Thongsudjai cultivars.

Thongprasert cultivar Thongsudjai cultivar
Fruit size
Wholesale price (Baht/ kilogram)
Big size (15-16 kilograms) 17.50 11.00
Medium size (12-13 kilograms) 14.50 8.00
Small size (8-10 kilograms) 9.50 5.00

d‘ a 9 1
nu: mawﬂﬂaNaummymumﬂizmﬂ”lm (2555)

o a a o
NIYIUT mﬁaqqamﬂ naznue (2552) ﬁﬂy"mmﬁ]'mujmﬂmmwuwu‘q—

v A v J = o A v o
nogala TagAaadenyyuiugnesgalanilgnluaiuveunvasnslusunelswifs Tanda
4 1

an o A a SR A [ ~ 1 9
U52IUATTUT STHNUADUTIMIANDUADUTUIIAY T 2549 NUN Nf‘]"ll‘léu(;l‘lfﬂafluﬂ?ﬁ

a a 3/ 1 9 a & /3 A [ ¢ =
maulmuT@mumzstmmjmﬂmﬂﬂﬂaﬂ%uﬂszmwaﬁuyjsmmumﬂszmm 16-17 diavi 9

a

v Y
srazaf 15 lumsnigormuanaeny Juegdnudedenin wu uraslgnuyu guwgll

Y



9| a a v 7 1 I 1 A A =)
anmaniena Mmsnsyay Iaveduyunugnosgala uiseoniu 2 ¥19 Av onavyull
(%% 4 A = o o’d? a = ldy
01g 3-11 ddat uazlovyuiiong 11 ddamiaull TasnAsrsvyusziivuialvaauuay
A dy A 9 o 4 = Y Y4 1
muIUgegaiiieoig e 16-17 dlani snmsanimsazaunilsvesuyuiugnosgals wumn
A A Y A o s A A & ) Aa o
yuazFuImsasaunilaiieeiy 10-12 dlat TasiFuanusnaiissnaniunaanuunupa
Y = A 2 < o 4 ' Y A a A
VNUUWIADINPNNIUIUNTENI0Y 13 danrd wunmsazanuilanusnalaenuazuny
2 2 ' A o < 9 a X2 4 a A o
UINNYU ANINBDIY 14-16 dilar myazauuilzmavunusnalaonsa aunszNIony
o AN ! Y X A Y (A 4 2 o
17 ddennd Tununfimsazauudlsluiosreuyuuinalnduldon esnwavyuiEugn 4
{ S, .3 . .
Tumslasunnudlaliidluiiiena (Patastico e al,, 1975; Quintana er al., 1984 819198
MYIU 1HAOIFNEE LaZAME, 2552)
=1 1 =) a A . .
MnmsAnymvaans luleanainiiesIneTag Wichienchot azgame (2011)
TagAadeninuazwa lininsus Inaluwvanialdveslsemanliqueauriansednenini
o < a l J Y A
awsmbhnlfduwi luTedan’ld wu Jesddszneviniuduloesmisdsumn is1a1gn
a o odd L4 0 @ o
vaziindasusiniuveandensdiansnih lu14s Temi1a anmsanur TasAadenies
° A Y 1y 3y = a 3
au 13 wiia 1dun ndreirhunnazgn, nszReuden, yyu, 911a13, 101z, gnaia,
o =) o dy =) 9 1 ] 1 ) < d’ o 1 [
1hag, nisow, UKy, vzvwlen, ueWioou, NEUNUAKAZHITINTY HBIEIUAIN
A [ gJJ @ ] a J A a s 1 1 9
YOINFUIANANIHUA 28 @298 Hazinszdisuuneausanlsan liawisodos’ld
. . . . { g J 1 ' 1 H @
(indigestible polysaccharides) Mt UoALsEnoU WUNNBLAZAIUAEVOINY NTANEA 1N
I = A Aa o A A 9 1 1 A
mMatluns luTeAnia uaaeas Table 3 Taoiy 1 wila Usznouareaiuaiee Nawso

a

o 3 ' . . !
W lfiunnaan3 luTedn'la Tasmmwizayu (Jackfruit) nazwal1ay (palm  fruit) 14

@

d’ d’ 9 a d'l [ o a = 1 1o ]
Lummﬂwuﬂﬂmma YNHIUUN (Wuﬁﬂﬂﬂﬂi%!ﬂif@) TN ﬁ’JuGlﬁﬂJu‘M“I’T‘Iﬂchlu

[

] a Y a S o = @ 1 v J 9y v J
NINATTWAUAT 91U EJ‘L!ilﬂ%JﬂTJ”liJﬁu‘lﬁjﬂﬂB"lﬂ"liﬁﬂﬂﬁ”liﬁ]”lﬂ“lliélu@]"lﬂwu‘tj T%Mwuwuﬁ

' . &L 3 . o o
nosgala ¥alis1a1gnna1 wige laawaaraaanaly Feeralinnuduaraenisii a4

a @ v J

4 a a a L g av £ o o
Use TesragnanFanisd lueuina uanantl Ul fNﬁﬂE"lf]ﬁﬂﬂ‘]J“]f\i"UkluWU‘gﬂﬂﬂ-

Q

A a gy A A A o w A 9 4
galamudauaie mamumadenlunmsiiaaaymasunlails Toyl

2. Wa%’uﬁaﬂﬂé (Functional foods)

@ o 9 4 4 a @ 4 { 1
Weduriailad n3001 15N gUAIN HUIBDI HAANUNDIMITNTYUAINI

Tavurmsnselszneudreasnilous Iaagsramendd auisoniinoug iny

U
= [

s1mela uenmilovinsaduianazaunImee s laun $redsuljanseduasunts

'
v A

MUV IszUUIRNAY @ wTaszaom s Ten InTuvetoisrza1eg 1nmsgeelyld



= 9 o A A ' 1 A a da! a a
5’311(]\'11Jﬂﬂﬂuﬁi@ﬁﬂﬂ’ﬂmﬁt’lﬂﬁﬂTﬁﬂﬁN‘] ﬂﬂWﬂLﬂﬂﬂlumﬂﬂT}%Iﬂ%u1ﬂﬁﬁﬂﬂﬂmm$aﬂ

A a Aa a ' 4
@']ﬂ'lﬁsllﬂ\‘ljﬁﬂﬂlﬂﬂ%’lﬂﬂ?WﬁJWﬂﬂﬂﬂﬂl@\?ﬁW\?ﬂ’lﬂqﬂ

Table 3. Indigestible polysaccharide concentrations in some of Thai plants.

Indigestible polysaccharides

Plants Part Solvent
(mg/g dry extract+SD)

1. Palm fruit Pericarp Ethalnol 95% 705.80+3.83
2. Jackfruit Skin Ethalnol 95% 689.08+15.21
3. Jackfruit Flesh Ethalnol 95% 605.76+16.55
4. Rambutan Flesh Ethalnol 50% 566.83+8.42
5. Jampadah Flesh Ethalnol 95% 542.56+13.82
6. Young coconut Flesh Water 513.87+4.29
7. Okra Pod Ethalnol 50% 460.73+17.05
8. Palm fruit Embryo Ethalnol 50% 409.85+2.88
9. Jackfruit Seed Ethalnol 50% 403.44+5.63
10. Palm fruit Flesh Ethalnol 95% 334.87+19.45

111: Wichienchot lagaag (2011)
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Table 4. Comparing functional foods with medical food and drugs.

Difference Functional foods Medical foods Prescription drugs

Uses Energy enhancement; Dietary management Treatment of
weight management; of a disease or disease, symptom,
bolster gut, bone or conduction with or condition
heart health; disease distinctive nutritional
risk reduction; memory requirements (e.g.
improvement difficulty swallowing,

loss of appetite,
nutrition repletion
post surgery)

Method of obtainment ~ No prescription or Used with medical Prescribed by
supervision needed; supervision health provider
consumer selects

Distribution channels Supermarket, Hospitals, pharmacies, Pharmacies
drugstore, online, drugstores, online hospitals
major retailers

Regulatory body No specific body, butis No additional FDA FDA approval
considered food and is  review/approval needed, a
therefore subject to needed, but must multiyear,

FDA regulation* abide by regulations multistage review
concerning foods, e.g.  process
labeling*
Amount consumed As desired As needed As prescribed

* FDA regulates any specific health claims that might be made.

111: Pricewaterhouse coopers global network (2009)
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Figure 1. Beverage lead global market for functional foods, growth by form, 2007-2013F ($M)
(a); Energy leads US market for function foods, growth by benefit, 2007-2012F ($M) (b) and soft
drink and dairy leads US market for functional foods, growth by category, 2007-2012F ($M) (c).

17: Pricewaterhouse coopers global network (2009)
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Figure 2. Action mechanism of prebiotic.
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Table 5. Oligosaccharides used in food products.

Class of compounds

Example

Prebiotic effect

Effect on colonic

Effect on SCFA

Dose and duration of

/faecal flora /lower pH treatmen (if human
studies are available)
Fructans Oligofructose, FOS +++ TBiﬁdobacteria, Yes 4-40 g/day for 1-5 weeks
Lactobacilli
lBacteroides, clostridia
Galacto- Trans GOS, natural GOS  ++(+) T Bifidobacteria, Yes 3-10 g/day
oligosaccharides from human milk Lactobacilli
(GOS)
Glucose-based Oligodextrans ++ T Bifidobacteria, Yes -
oligosaccharides Lactobacilli
Isomalto- ++H(+) TBiﬁdObacteria, Yes 13.5 g/days for 2 weeks
oligosaccharides Lactobacilli
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Table 5. Oligosaccharides used in food products (Cont. ).

Class of compounds Example Prebiotic effect Effect on colonic Effect on SCFA  Dose and duration of
/faecal flora /lower pH treatmen (if human

studies are available)

Xylo- ++ T Bifidobacteria Yes
oligosaccharides
Soy-bean Raffinose, stachyose ++(+) TBiﬁdobacteria Yes 3-10g/day for 3 weeks
oligosaccharides T Bacteroides/eubacteria
(low dose)
1 Clostridia

N17: Aau1)agan Delzenne 1ag Williams (2002)
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Table 6. Enzymes produced by colonic microflora in colon to hydrolyze non-digestible

oligosaccharides.

Non-digestible oligosaccharides Enzymes Bacterial species

,B -Glucooligosaccharides ﬂ -Glucosidase Bifidobacteria, Bacteroides

« -Glucooligosaccharides « -Glucosidase Bifidobacteria, Bacteroides

Fructooligosaccharides ﬂ -Fructofuranosidase Bifidobacteria, Lactobacilli,
/fructanase Clostridia, Bacteroides

,B -Galactooligosaccharides ﬂ -Galactosidase Bifidobacteria

«a -Galactooligosaccharides a -Galactosidase Bifidobacteria, Lactobacilli,

Bacteroides

1: Van Laere (2000 $1aTag Swennen et al, 2006)
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5. MIANANIEAIMazale (Solvent extraction)
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Figure 3. Batch extractors; a) oil extractor from plant seeds and b) leaching extractor used in
sugar extraction from beet root.

#311: Charm (1978) ag Geankoplis (1993) (8191a0 §aun wedatanauiia, 2541)

5.2.2 ﬂ]1Nﬁ1N1§ﬂﬁluﬂ15ﬂ$ﬁ1ﬂ (Solubility)
é’ ' o 7 1] 9 1
ANNEINTD UM TAZA18VIAS wwIHBYNY aderia1g0819 hlmm

5.2.2.1 9ATAIUITTHIIM Iz NADVD I

[
=

4 @ I [ .
ie991n anududuvesdrgnazategegaiulyldluarsanagaiien

9 @ o & @

v A 1 ) 1 <
9NIINISUVUNITANA ﬁ’f] mmvﬁjwuuanm JUH BATITIUVDIAINIASAIYADUDILLUN %\3

]
=1

o & Y = @ @ 1 Y A AA o @
mgﬂmmquamwmmmgﬂazmﬂaamJ"m”mmaem"lmJ"quﬂ Wi@iuﬂim%%”lﬂ"liﬁﬂﬂ

pazlimsnyudeudiazarenduin 1y vinanuansalumsazarsvesdiazarogeoy

[
=

1 ) 3}/ = v o A Y 9 A o v o (Y
maaﬂmmumwmmsmunﬂummazmﬂmaﬂmwamimmg‘ﬂazma@@ﬂ"lﬂcluimum
9y . . 1 [ a 4 <
A99N17  Xiaoli tazANY (2008) WU ﬂ’Nllffﬂlﬂiﬂ1uﬂ15ﬁﬂﬂi@aiﬂll%ﬂﬂquﬂ%Wﬂmaﬂ

1 Y ] ' 9 i1
chickpea IMUAUUBE T IAYIUDIATIAIUTZNINAI0I NN DAINIAZA1BNVUY LD

9 ] Y v
BATIEIUHUANIUNINAI 1 A9 10 (11 WUN ﬂ%iﬂﬂ!ﬁ'ﬁﬁﬁﬂﬂhlﬁnlNﬁﬂ’JﬂJLMmeﬂu



25

5.2.2.2 ¥HAveIN Az
lumsana dvhazareildarsezlinnuuiaduie liinamsuyuioulda
= o o Yo o A 9 = £ ] A A v A
Falaena 11 dnlddaviazareNaoudisusgns lugiausn esnnvazinszuiumsanall
o Aa 1 1 d' Yy 9 o % o 1 A 49! d‘
msdudiu llednaeiiios Anududuvesdrgnazateludihazaroazaoes vy naziile

1 [ v [ ]

< Y A A 1
L%}Tﬁﬁllﬂaﬂ'lﬁﬁﬂﬂ PATINITANAITAAAIDYIITIALIY 1/]Qﬁlﬁ'ﬁ]\iﬂwﬂﬂj'lullﬁﬂ@']\jm@\iﬂj'lll

Y q

) = A A 2 o ¥ A o 9y < v o
NV HAAAILAZTTITASIYUANUUUALNNUU NITANAUINTAITINNY 3Jﬂ°l“]5LE)‘VHLlE]ﬁL1JH IN-

A 9 v ' ~ o N Aa d
ayaly Lu@\lel]']ﬂI‘ﬂj\clﬁj’NGUE]\°|l@ﬂ1u@aﬂ53ﬂ@u@’)ﬂﬁ’)uﬂ%@ﬂu’l (hydrophlhc) ADAIUNNUD

Y =

U § 1 %’ % 1 3’, ° I
(polar) tazauf li¥eu1i1 (hydrophobic) 41313199 (non-polar) M3IB19AIB1TUTIUMNST
A Y9 Yo o q ¥ 3 < v P~
myanudar linuansazate i ldiiaalwanadng awisoazatweoninla luvmed
I'4 1T A A A 9 A Yy 9
milulamsaTuanalvawsel DP geazgnanazneuoenuiie ldiomusananuidudu
Y
g9 (Dobrenz et al., 1993; Oku et al., 1998)
] [ Sol 1 a 4
Giannoccaro  LazAME (2006) wumMsanaiiatalunguled Inuyanlsa
& A v Y 9 Y = 9 o ¥ 2 &
NWAADAUNADIAYBMIUBAINTUIBIAL 10 DI388AT 50 FIWITAANAUINIAINVAAD
A 9 1 1 w ] A o o (% = % =) a A
mandld liuanannuediitediny (P>0.05) msAnwimsanaasws luTeanviniia Ine
) a 3 EI '
Fedrriazany 4 ¥HaAUToU HUTY A1TazalgeMUoaItuTUTBIaY 50 1A 95 WUINT
9 I ) =1 Aa A o 1 9 g v 9
Tsiemusailuddviazarslilsz@nsamlumsanaganiinis lgi msigmsanadig
Y Y 9 v
msazagenuoa 12 lFnarlumsana 3 W uazmimsanas 3 ase nvuihasananld
gJJ o A o a o - 9 ?:’ I ?:’ 9 I ) o
navuausnuieii lUdmsey luvaznmslsingunazindowiludlrvitazals ag
= @ ] = o w y 2 H °
Meaiu@en Tasldnarlunmsana 4 92109 tag 15 WA Mua1ay Natns1zns 191 91991
a a a ~ o 1 @
TdinatynIn1595 Yo auNI g lusznIemMsana (Wichienchot ef al., 2011)
5.3 vianinamlumsfaaenyinuasiiazas
A a % o d‘ = (% (% dy =
lumsasnstiavosaIazaeNyuIzay IMann13adil Ao
A A d‘ 1 g’l d' % 1 d' o 4
1. Weaasnsaulamduiaivisoazaigeonu1a1NaIve19NINIanNa
(selectivity) Tagaunsaanaaseanynla ludsmanunualddriazateludsuades
(capacity)
2. mevaimsana wlavesdanihazaeuazilavesasngnanaszdsaen
ponnnnumeludiana Taewlavesdiiazateazdssgnuensenninidvesasanaladie

Tagasnszmeaiinazatgoon lndieiianuau lo (vapour pressure) i1 a1 gungiNiiing

[ d‘ Y [ = v o
ana LWﬂﬂmﬂumiqmmwmmmaza18



26

o o ~ A . X o = o q ¥ ) =
3. AIMaza1enlNANNKLA (viscosity) @1 B9z 1HANAUAIRT NS
' 1 Y A =< = . ' aaa =
218 TounIanazn15018Toun1UIBUNA $IUDINAINAINY (stability) Aolnsenalinay
9y Y~
anusoulaa
Y= o = g’; @ o 9 Y o dy
MIvAiTeeaaUANNLTIVIAIazaentee lun vz laaail
4 4 = =S 14 4
los Taanisy < asusUIAATEARD 158 < U < Dined < aaslsnesy <
a so} o o ] <
92T 1A < 19NADTHINTA < 1BNIUDA < NNIUDA < 11 < ATALAIVE MUE Y 8813 15NAY
o S I~ ) { A o
Taenalarsazarsueanaand iy eNUeaNsauNIUoadeludIazatesnienimn 1y
o 4 I v o § o d 1
lumsana eean iudrvhazaioniidnglseaededaning tazamisnazatods 1a lu
' F)
29NN
5.4 gungilumsana
lumsAnEINTZUIUMTANAVNNTE NUNYUNYTLNARDOATINITANA TAY

o

ad 4 X o v Ay 22 g A
qmﬁgumwmlullwa1’11114?1311!?{111131:11um’ia$aTEJ‘UEN?HSVIWNﬂﬁLWM‘Uuﬂ’JEJ UHAaZIiHBIIN

'
A

{ T A X 2 o & A A ! )
duiszd@nsvosmsunsinnuiuauguugingaiu auiumsnuguvgitedinalions

9
U 4 A 3 a ydé' . . = [
ﬂ”lii]”IfJL‘VIi’Nﬂ‘IJigﬂ@ﬂﬁiﬂ@ﬁgﬂﬁ%ﬁ?ﬂlﬂﬂqﬂﬂﬂm Xiaoli ttag AU (2008) ANHITNNICNITANA
a o o v J a 1 [
Tod Inuann115A91n chickpea $112U 19 @e¥iug nmsanyImavesguugil ldun msana

Y
A o

A a9 = A 1 = a S
NYUN NN (30), 50, 70 IAUFALHYTLASYUHYNUUADA WU’JWﬂﬁﬂJTmT@ﬁTﬂLL%ﬂﬂWlliﬂﬂ

Q QU U

o ' A 1 A 2 ' 3 4
analalusagungil 10 9950 eeruaIBod 9wADe) INUAULAZAAAIDE1NTIATUND

9 (% 1

1 E4
NN 1FanagInd1 50 seraed A1Na1AY UNIINY Giannoccaro LAZAME (2006)
' v 3 - ) T 4 A A o 9
WUNMIANAIAIANANAAN I ADIABIEMUDAINTUI 08D 80 taINuQUKNana T
1 H 4 A o Y A X T W
gy Pimnanhmanamueiana ldve s uanmuyusuny
5.5 augalumsana (Equilibrium)
[ d‘ [ 1 o ) 1 < d‘ a da! A
Tumsana odns1aIUV0IEIMNIAZA18ABYDINTININ dURANIAATY AD
! @ < o o 1w 1
annzianuduvesdignazatelumavesvewdwazildvesdharsazareminu uanin
=3 3 o L= 1 3 g}l d'd ) d' a dy
Psumvesdrhazars luiisanonenisazasvesaignazareninuaniog augainaay
H H 9
Weie annzinnududuvesargnazate lutinsnlasumlasdnde 1) lunsaeavla win
= v v o oA 49@‘ 1< o ?1}/ A Y a A Aa a @
wimsdudanunuIvIuay aal e Iminaduganllszd@nsnwvesnszuirumsana
@ U 1 < v o v v W 2
sasdIuszrINvewdazdhazatedesninne szezna lumsdudanuvesnsaeuvla
) A A o < ¥ =
AIIUNe oNazamsnazaseIAlIgnazawesnnlavesdseenun1d lduniga
o A v A g A o v v ' 3/ o Y A
Javenaiugumsanane Iundudanusznnananiaed szezna lumsduia quawia

YouiaaNiNeIVesnUMIIINUIIENgaVRINITIIBMEIRlsENOY



27

v
\ \J

6. Jadennanemamemuiavesiignazay

6.1 szaznalumsana
I~ 1 1 ] o ?zl,z 1 A [ Y [} zgzl.l
a5 luvesudnsidrglavesdaiiazats awuaEuinsdudaiuvena
& Y 9 o & 9 P
douvld aunsznInNuINIuveIdIgnazarg lunsdeuauuigauga vinlanarlums
v 9 =Y @ ~ Y <] A A Y A 9 9
anados Usmadgnazateiae ldvinvewdsnaziiSnades wionnldnar lumsana
a <2 4 ' o = { o A 2
iyl Agunlaes disenn li'ldm v naasnana ldmuunau
J = 1 = Qtd' [
quail UIAazeed (2552) AnyIHavedszeznanelsuaa s luTeandna
Y A 9 9 ao) I ) o [ @ [ [l v o <2
Idnnnldengnarandslasldiniludiazats onsidiudiedaoaiazarniu 1:10
¥ o A = J [ dﬂg 1 Y A
Tagthminaelsung gungil 60 osrsaiea WU Msanatlunainuiu aawaliaish
o YA A I Y A ) [ a 4 ?a’ ?,’, ?,’
analandSuaaaavaniios uaziieihasana lUiaszvdSuanimaniuataziinaa
Aa o v A X A ] A A o v v o o o =R
SANFNUNNAUNVYY Loy il a1saza1gdudialealrinazals 9As1NTanaa
A A s'o’ aa P 1 a3 a a [ v 3
anad Wonasandsuanimausuiargdanalnduaisws luTedn wnunmsanaiuna
S A go’ [ 1 A A Aa o 1 [y d' [ 9
120 Wi HlSunanhaadinangegade 50.51 iaansuaenivvesasnana la
6.2 VHMADYNIAVBIVDWIU
[ 9 3 Ao < 1 A dy ~ 1
msana laglduoudsnioymadan szsromuiun lunmsmamulads uag
A ~ o o 9 o < o Y v
anszeznMsndouivesdarhazaed lldunavesvewds ilvargnazatednso
[ 1 % o Yy U Y v A a a é’
uwinszareeonglavesdrinazaie’lda uazdemalimsanaldsednsaimgayu
Y
Wichienchot ttazamy (2011) TaANMINAYDIVUIATUAI019@0UTEANTNINMTARAT 1T -
a A o a 9 1 dy <3 dy dm) =1
TuTeAnoniasuau 5 wila laun Wevyu 919010 waauyy ognamanaznizReuie)
TagAnE1vUIAYDIADE19 3 VLA A AIPIINTUAZIDIA 0.5x0.5x0.5 LAY 0.25x0.25x0.25
4 a 1 o [ 4 a {
QNUNANFUAILAT DINNIINAABIND I YUIAAIDEN 0.5x0.5x0.5 GNINANKEUAINAT AINTY

@ @ ] { < 1 J [ [ ]
1ﬁ)ﬂ‘%3~l"lmﬁ”liﬁﬂﬂq\1q@ TAgA10d 19NTVUIAANNI WU NEHAINITANA llllﬁ”lll"liﬂﬂiﬂx‘i

'
v a A a

ueneenIINAazate s iosnnmamsgadunus naImhveInszaIEnIoa
6.3 Mmazanenly @aanaluiinte 5.2.2.2)

6.4 gl umsana

2 '

Tagna ldwun msanafiguugigein szdwwalioasimsanansonsyy

= 1

Y 1]
azawﬁﬁuﬁaﬂ Lﬁmmﬂmmwﬁmawmma’mmaﬂm ﬂmmimmﬁagﬂazmﬂuazéﬁﬁw—

U

Y
A 1 A X

o q ¥ Y 9 o v A A X g A A
ATANYUAUNNUYU mﬂﬁﬂ';mvumwummgﬂazam“lumsﬁﬂmmmmuma UATINAIT

5¢33A0 MIananeuvnlge ’E)”Ii]ﬁﬂ”ﬁaza”IEJGUE’J\‘]ﬁ”ﬁﬁllijgllﬂﬂﬂ”li’f)i’]ﬂ?J”lizﬁ’jNﬂ”liﬁfTﬂ W3e

L Y LY



28

= %

[ Yy = o a o & v A a o A
@1%1/]'lﬁlﬁ@lf)\nJﬂ15qmlﬁﬂﬁ3ﬂ’la3a’lﬂu1ﬂlﬂuulﬂ ﬂQuuﬂWﬁﬂﬂlaﬂﬂqmﬁgMiuﬂWﬁﬁﬂﬂﬂ
=2 A o < Y a = o
Wz ay WlaNuIuaesnnsannetateratslsems

Fzed wiaiinina (2552) 1dvimsanaaswilulednannldendiulu

@ ]

Y 3 Y o i Y o ' 1 o o < 1 ¥ v 1
VYUUAIUT Tﬂt’JGl“Ifﬂ’J’é]t’JNLmQ AT 1FIUMIBENAAIMIaza1alu 1 @9 10 IﬂﬂuTﬁuﬂﬂi’)

'
A o v A a

Ysuas szeznarlumsana 120 w1 MNTANANYUNYU 30, 50 LAL 60 SR HIGTG

U

1 9 [ 1 4 9 % @ 1 [ Y] [
nu wa laveansanalianlndifeanufe 23.86, 22.42 tay 24.64 NSUAB 100 NSUAIBEN
o @ T A A % g’/ %} Aa A & [ =
AuAAY uaoasanIuaihimanivuauaziinIaueUIAIBIFIAIA I WA 1T -
a ] A a @ I = o Y A ¥
TuTedn wunmamugurgidlumsanaan 30 Wi 50 esruaaded vlddsmanina
A A s A 49! I A a o [ o [ 1A A =<
UBUTAIFINNIUIN 216.39 1)1 252.68 Haansuaensuasana uaiominllaude 60 aarm
= J ~ o Y 1 I A Aa o 1 [ [ Z’, dy A
waea wunSuaashanalaiaanaaily 172.65 Tadniuaeniuaisana Naiieda1n

{ g : ¥ o
wlaenuyuiiesdllsznouidluTsAuasannsnazaeii 1aa msanaznouveslusau whld

a o

a g [ Y @ 1 a Y 9
Iﬂﬁaulﬂ@a@ﬂﬁ@ﬂﬂﬁﬂ@ﬂ ‘Vnsh/fﬂ15aS/’ﬁ'lfJGU'E]Qﬁ’li'E]'E]ﬂiJ’linﬂﬁ'J@fJ’NLﬂﬂ]lﬂu@ﬂaﬂ

Q

a

6.5 ANHULVDIINYAL

Q

[ o Y o w ' o Y 1 A Y o
ﬂ’]iﬁﬂﬂiu@@ﬁqﬁﬂﬁﬁﬂ I uapaifee19u I ILHINo U Lla$LW61W§]3

[ Y

a A A o o Y Y aad < o A
AAl \T‘ﬂ\1?;Iﬂ!ﬂ']WGUf’)\‘]ﬁi:!u”lWﬁﬁﬁ@ﬁ']ﬁ‘ﬂﬁ@Qﬂ'ﬁﬁﬂﬂ AITNULURIAIYIDTNITIALII LLASNIN

]
a [

Q:-; A 9 Y o (Y Lé Aas o Y o a =
WHHUA L‘Llf’Nfl]1ﬂﬂ1§1%@ﬂl1’fﬂMQN’EN‘D'V]ﬂﬁﬁﬁﬁ?ﬂifgﬁﬁ?ﬂ@l’ﬂﬂ FIITNIINUUNIIAYAU U

QU

P

an o

2
Ha1e25 Al
Y g y . .
6.5.1 MIVUINIIANIDU (Air drying)
an g < o o 2 A .
Widumsiureluema awnsosin 1anslufsy (Shade drying) H3oan
o d o % 90’ U U
NANUAA (Sun drying) M3 uiedreaniou Humsmidahesnainida lasedonisninau
Y . X o q Yo a A 9 Y} a o
§oU (Convection) Fu I iagunanislasunlaslaseaing Taslnsaainesisuynavoddiaa
° = v ' 1 A g s Y
wgnihmenazgydonnuamisalumssonldarsai Inadbeduiwad Tnseads
o I 2 . . . .
mﬂuaﬂmmaa@ﬁmmummﬂﬁu (Kerel, 1980; Lewicki, 1998; Lewicki and Jakubczyk, 2004)

3

1 o ¥ ¥ A o o o q ¥ s < o A
“lmzmnmsmum umg]ﬂmﬁmaaﬂﬁ]zmiwmﬂuwaau ﬂHm%L‘]J‘L!IWiﬂ LAZHANIAUND
v

] 4' 4 d' o 9 1a [ o [ a = . .
nawuhl iesninadindoudndintegdasusildiaqnansidegy (Lewicki  and
1 1 wAa 1 H =) j’ 4

Pawlak, 2003) dananenaaNlalunIsoleTouwlanusnaiio@ed1uuen (Witrowa-

. = o Y A Y A 9 v A a é‘ 1 [P= o v J o
Rajchert, 1999) Famsvimdaiwinviona ld msvadrimnadudulvalianuduiusny
A~ A A Y ' .
ﬂsmmmmwwuﬁ’ummmafm (Sjoholm and Gekas, 1995; Wang and Brennan, 1995;

Lewicki and Jakubczyk, 2004)



29

6.5.2 mynunialagl¥urasnnudeunad1avu (Artificial heat)

° Y and o 9 ' ) A ' VY 9 A
mM3huiaIsHzordenNuFeunINUMaINEIIUaY 15U M3 1ddeu Tvih @

9

~ A 9 = A R axA = a A 1 ax
UNITAIUANDINIANHIULUIBDN UNITAIUANGUNIY FIFULVY5LANTNINNIITUTN
A a o Y Y 1 = a ) A
IUDNIN mmfmﬂm@n’qmwQﬂumimgmﬂmﬂ’n INNITANYINAUDIFTUAAINIASA1YAD
1 9y 9 9 dy o a 1 = ~ a A
UULAZIDONTUDALVNVUITDYAL 95 Lm$Naiﬂﬂﬂ’JnJ°b'ule’E]\1’JG]QﬂU@@ﬂiﬂWﬂ!ﬁTiWillUI@@ﬂ‘VI
[ F) = Y 1 Y o [] Y A o Y 4 @ 1 =\

ﬁﬂﬂllﬂiﬂﬂtﬂa’ﬂﬂﬂ1u1uﬂl®ﬁ]1§u NUN ﬂ"lii“lfﬁ?@ﬂ"l\ul‘ﬂ\i llWa‘ﬂﬂ‘ﬂL“ﬁﬁﬁﬂl@ﬂﬁ?@ﬂ"lﬂllﬂWi‘ﬂﬂ

(% L] [} ) 9 LY 1 a 9 (Y= 9 ~ d' 9
M7 ﬂ'liLL‘WiN1‘Ll"l]’0x1ﬁﬂ]‘l/ﬂﬁ$ﬁ1fJL"]ﬂ’ﬁGl’J@fJNlﬂﬂhlﬂfﬂﬂ lumsanaveneiiszoziianne 14

U

% ] a o 1 1 " Y 1w ] 9 Y
AIDYNINANTTNBININDOU iﬂﬂﬂﬁ%ﬂﬁﬁ)\ﬂ/‘lﬂ’)%ﬁ]?ﬂﬂ@ﬁﬁﬂallﬂsl,uﬂWﬂ!,‘WiLﬁUTﬁ@]’)ﬁ)ﬁﬂ\i]lﬂuﬁ]ﬂ

G

3 4 9 o Ao ¥ ¥ o 3 [
Auuiesnn lddSnaasanand1niil 1 = 25.22, 1len1uea = 5.38 NTuAD 100 N5

[ Y

a l-ﬂ' Y o 1 (% 1 = % o d' 1
ANAVLUN) Tuvaznmslgarengalumsana wmw"luuﬂtymmﬂmmazmﬂmmmﬂ”lu

q
Y
CY a A (Z

a A Y o Y o 4 A A
Nﬂlu@]ﬂuﬂ@]ﬂﬂ‘ﬂ’ﬂﬁ?ﬁﬂﬂﬂuﬂ1§W@\1§°’]'J (’33$W\1ﬁ NIFUNDNA, 2552)

q

7. 5MsuanINaneUaHeUuIATITNINUAD (Response Surface Methodology; RSM)

Y
IMsLEAINAABUAUBIMUUIATITIINUAD 58 RSM A0 I5N13N1

a 4 an 1 o o Y Aa 4 o 1 ]
AUAFATATLLASTDA ﬁgﬂumﬂ%’ﬁ%ﬁmuumam Iﬂﬂ’fﬂﬁﬂﬂﬁ’Jlﬂﬁigﬁwﬁﬂlﬂﬂﬁ’JLlﬂﬁ@Nﬂ 1210)

=\

1] 9
ﬂ”lﬁ@‘ﬂﬁl!@\iﬁ%@@I’JLL‘IJSGI”I?JGIJ@Qﬂ”IiVIﬂﬁﬂQ Lﬁ@\iﬂ?ﬂﬂ?ﬁ@ﬂﬁuﬂﬁuuﬂ Hanswauanauls

[ ]
A =

a @ 9 Qddﬁ 2 A o 4 =
pasval1eAIYs N1TRNLUUNITNAABIAIEITY iNll’J@lQ‘IJSZﬁQﬂLW@‘Hﬁ}ﬂVIMﬂ’NN

[

mnzanveddlsunazduilsnenneuaueIndoIns @au1lainnn Montgomery, 1991) 1ag

A 9 o A YA ] ' Y A ' = o 9
lﬁll%’]ﬂﬂ’]ﬁﬂuﬁ’]ﬁﬁﬂ%uﬂl!ﬂﬁ]ﬁﬁﬁgﬁ')’]\?ﬂ’]@l@‘llﬁuﬂﬁ ﬁ@ﬁ?ilﬂﬁ@ﬁﬁZQ'Nc] “B\Tiﬂﬂll'lﬂllﬂﬂlslf
v o = = . ! o v A =& . A
ﬂ?TﬁJﬁNWH‘ﬁ!LUUIWﬁTULNﬂa (Polynomial) {51 aUNITANAUNKUN (First order) (FUNITN 1)
G o W ~ A A o 1 (7] [
HIDAUNITANIAUNT DY (second order) (FUNITN 2) UALLUDUIAINITADUAUDININADAND

[ % a 9 1 g a
seauvesnLlsoase ﬁ]z"l,@ﬂimlwamuaumuuﬂﬂﬂiwwum

E‘T?Jﬂ"l':ﬁ?l 1 Y = ﬁo + B1X1+ﬁ2X2 + -+ ﬁka + ¢

AaUMIN2 Y = Bo + X, BiXi + Xiy Bu X7 + XF {'(K,- Bji XiX; + ¢

@A19819NITANE MUY RSM 13U WNIAINTIUDINITADINTANYITEAU

a [ A o Y a 9 a @ I'd 1
gl (X,) tazanuau (X,) M ldnszuiumanda ldnandagaga 1iningiszasa woa
a y I d v [ a 1Y) H [
panaah Iailuilenduvesszauguugluazanuau vie Y= f (X,, X,) +€ Tagh € Ao m

4 {a & 1w ' I
ﬂ’nuﬂmﬂmﬁauﬁmwﬁuiummmm Y 1aznInaInavuevesnsnoudueuilu B ) =1



30

9 9

(X,, X,) = N A9ty WuAmeuauesansoudasla g =f£(X, X,) aaaaslu Figure 4a 11ag
o w a 4 dan
4b NMUAAU (DATSWIY WIHAINA, 2550)
< \

Box-Behnken design Lﬂugﬂll‘ﬂ‘Uﬂ'liE]f)ﬂLL‘U‘UﬂTﬁﬂﬂa@ﬂL!UUﬁﬁﬂﬂl@ﬂﬂ’lﬁ
PONLUUNITNARDILLY RSM F93Uuuuved RSM Livia1egiiuuy 18un Factorial design (3
32A1), Central composite design (CCD) 11a D-optimal design Box-Behnken design ADMT

1 4
@’E]ﬂLL']J'iJﬂ1§‘V]ﬂﬁ’E]\Tﬁﬁ%l'lﬂﬁui]'lﬂﬂ1iijllﬂ1§@f]ﬂLLUUL!UULLV\IﬂT]’E]SfJa 2k Uag N1T8aniLUU
< ' o ' Y o . A I '

Llﬂﬂﬂﬁﬂﬂqﬂﬁnuﬁm gﬂﬁ'lﬂﬂa'lﬂﬂﬂ cubic 1"i5@@ﬂlﬂﬁﬂ‘ﬂﬂﬂ‘ﬂﬂﬁ]ﬂﬂlﬂ\?ﬂTﬁ‘ﬂﬂﬁﬂ\??T\?ﬂﬂ’Uuﬂ

q q Q Bl Q

IR 9 g = o v ! ' o A o = o o A 1
ﬂemmgmJ1ﬁﬂmﬁﬂwumﬂﬂmmﬂﬂuuuazmwmu,mazmuﬂwmmﬁﬂm ETTHTUi]ﬂ‘ﬂfJQ

Q

A o v

s 3 A A v Y Y @
Gli\‘lﬂﬁ'l\ﬁl@\‘l@jﬂﬂ'lﬁﬂ Lﬂui]ﬂ‘ﬂl‘]fﬁ)llit’lﬂnﬂ”] ﬁi]i]ﬁllelﬂﬂ’)ﬂﬂu ’?ﬂﬂﬂul 3’]JLL°].I°]HJ@Q3JH?(13J15’L]
Y A A F) A = [ A [
wyu”l@mamauwyu”lmmzm'anf%Emmwgﬂuuumwmmaﬂymzauq UYDI RSM AN
. < {A o 9
N1599NLUUULVY Box-Behnken d681gn L‘]J‘L!ﬂTi?JfJﬂLL“]J‘]Jﬁﬁiﬂu’)ui‘fﬂﬂﬁ‘ﬂﬂﬁﬂﬂuﬂﬂ (15 e,

= o 3 A 2 S Y ( = o o
ANINAWNI 3 K1) L‘JJ@ﬂ'liﬁﬂ‘]&ﬂuuﬂi%ﬂ@ﬂﬂ’)t’l@]’J!Lﬂi%ﬁuiiﬁn‘u%u 3 G]’Jll,ﬂi N1IvanNUUU

Q

Y = ] A Yo A
7738 Box-Behnken des1gn ﬁNL“]J‘Ll:.j“]JLL‘LI‘Uﬂﬁ’OE]ﬂLL‘]J“Uﬂ151/1ﬂa6\11/]]1ﬂiﬂﬂ’311|uﬂu

Current
operating
conditions

Expected yield Ely) =1
Expected yield Ely) =n

100

140

x, = Temperature e 20 x, = Pressure (psi)

x, = Temperature {°C}

(a) (b)

Figure 4. Three dimension of surface plot (a) and contour plot (b) in response surface
methodology method.

TETRE Montgomery (1991)



31

U

agilsyasnveamsiIve

d' = d' 1% ?_,' S A A dy
1. WefnyInszuIumMsnmuzanlumsanatiaaveuialrInInilouas
Y] v J [ 9 Aa oA
Feuyunugnesgaloluseauroajiiams
d' v @ ] 9 d’ [ [ 9
2. panadIRgNIYUAIBATeIanauUUn: TuszAu T InuNaans mala

A A Iy ¥ ¥ Aa A
annziinzauie 19 1df5inanhmanensazegaga

A A I = a [ dy 9
3. L‘W’aﬂﬂﬁauﬁumﬂmﬂﬂuwﬂuIﬁmﬂﬂlmaﬁaﬂﬂmmuamuuﬁlumimu

] o a 4
ﬂ'lﬁfJE]fﬂuﬁﬂ’ngFl]'laﬂilﬂ'lillﬂuﬂ'lﬂ'lﬁllklyﬂ



1.

32

UNN 2

U

)
AgAL

J ax
a9 Qﬂﬂﬁm HaZIBNIINAAN

o J A Y a o zﬂy Y = 1
yyunugnedgalanlsluauiae Fevnnduiesemed mnaaiaaanais ly

Y k4
guneriialuy daniadeval Danvauzibloniy Fmdesuia Renmwizdiuiiouas sy

a 9

£ A ) y £
“]NLﬂULﬁBLWa@ulﬂﬂlsﬁcluﬂ'ﬁcﬂﬂaﬂq TﬂfJﬂ’Jﬂﬂilwasll@\iﬂ'nilﬁa']ﬂﬁa']ﬂsll@\i’lﬂﬂﬂﬂﬂ’lﬂﬂ']i“]f@

q

;4
IHoLazFIuUATIIREINY FIHTUIAAZEANITNAADY

2. il

asad u3Enguannsa/lszima

1. tenuea (C,H,0H) wutudesaz 95 (v/v)  Labscan/ Commercial/ Thailand
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5. a-amylase from porcine pancrease Sigma/ Analytical/ Germany

6. Calcium chloride Ajex FineChem/ Analytical/ Australia
7. 3, 5-Dinitrosalicylic acid Fluka /Analytical/ Germany

8. HPLC water Labscan/ HPLC grade/ Thailand

9. Hydrochloric acid (H,SO,, conc.) Merck/ Analytical/ Germany

10. Lactic acid sodium salt Fluka/ Analytical/ Germany

11. Phenol Rankem/ Analytical/ India

12. Potassium chloride Ajex FineChem/ Analytical/ Australia
13. Potassium citrate monohydrate Ajex FineChem/ Analytical/ Australia
14. Potassium phosphate Ajex FineChem/ Analytical/ Australia
15. Sodium bicarbonate Ajex FineChem/ Analytical/ Australia
16. Sodium chloride Ajex FineChem/ Analytical/ Australia
17. Sodium hydroxide Labscan/ Analytical/ Thailand

18. Sodium potassium tartrate Fisher Scientific/Analytical/ India

19. Urea Ajex FineChem/ Analytical/ Australia
20. Uric acid sodium salt Sigma/ Analytical/ Germany
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3. gilnsal

'
a = 9 =

1. 9NAIUANYUHAL U WNB 22 810 Mamert 15zimneneosiuil

U

2. Microplate spectrophotometer readern ’g‘ 4 Power Wave XS 910 Biotek Uszimaansiy-
911903

3. Rotary vacuum evaporator E'Ll R-200/205 Lé‘l/gi}ﬂ Buchi Rotavapor® YszmaaIaseuaud

4. Vortex Mixer 8%@ Labnet Uszinaan3gionsm

5. Lﬂ%ﬁ]\i High Performance Liquid Chromatography (HPLC) ?i‘ifi/’é) Agilent g'u 1100,
Refractive Index Detector ?'Iﬁ)@ Agilent Uszineneosiutl

6. 1A3AVYLINIBY B0 Hettich Zentrifugen §1 Mikro 22R Uszineiga il

7. Lﬂdil@\1ﬁfTﬂLLUUﬂ&’ﬂluTﬂTﬁﬂﬂTuV]ﬂﬁ@ﬂ ﬂTﬂash"]%ﬁ’Jﬂﬁilllﬂﬁ ﬂm%%ﬁﬂﬂiiﬂﬁ']ﬁﬂ%’

a 1% a J o
UHINGAIFIVAIUATUNT Aduaad i Figure 5

Contrel Panel

Heating Oil Tank

Evaporator

Figure 5. Three dimension picture of pilot plant scale batch extractor.
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1. 99ana (Extraction tank)
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U
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I o ¥ ) [ 1 1o 1 < g . 9 9 v A a & oo = =
Wudrnudmsvunisladredailugue (Figure 7) Mud19v99830NIAAAININA H9920ARA
AiagaeingszuuanUI NamUa19UeIn  tiewe lumsnannuszrIeiI0e 1Az A7

Mazany

(@ (b)

(@ (b) (c)

Figure 7. Photo of extraction tank set up; a) sample bucket, b) sample sieve and c) installed

bucket.
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2.9952118AM1az a1 (Evaporator)
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Figure 8. Photo of (a) big (a) and (b) small evaporator.
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4. 99l¥inu3eu (Heater tank)
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5. apanunNNUAINIaza1e (Trap column)
v Jdo & v o Y I @ a 9
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]1@9]} ﬂ'I'WGU’E]\‘]Lﬂ%'ENﬂ')TJLLHH ﬂﬂ‘lf’i}mm%}au HAZADANUNNNUAINIDSAYLUTAIAY Figure 9

(a) (b) (©)

Figure 9. Photo of condenser (a), heater tank (b) and trap column (¢) of batch extractor.
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Table 7. Code variable of independent variables in Box-behnken design.

Sample to solvent ratio Temperature Time
Treatment

(w/v) o) (min)
1 1 1 0
2 -1 0 1
3 0 -1 1
4 1 0 1
5 1 -1 0
6 -1 1 0
7 0 1 -1
8 -1 -1 0
9 0 0 0
10 0 -1 -1
11 0 0 0
12 1 0 -1
13 -1 0 -1
14 0 0 0

15 0 1 1
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Table 8. Experimental treatment of solvent ratio, extraction temperature and time using Box-

behnken design.
Sample to solvent ratio Temperature Time
Treatment .

(wW/v) o) (min)

1 1:9 60 120

2 1:3 45 180

3 1:6 30 180

4 1:9 45 180

5 1:9 30 120

6 1:3 60 120

7 1:6 60 60

8 1:3 30 120

9 1:6 45 120

10 1:6 30 60

11 1:6 45 120

12 1:9 45 60

13 1:3 45 60

14 1:6 45 120

15 1:6 60 180

a Y
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Table 9. Proximate analysis of bulb and fiber of jackfruit Thongsudjai cultivar (% wet basis).

Proximate content (%) Bulbs Fibers
Moisture 78.49+0.02 79.33+0.17
Ash 0.65+0.02 0.79+0.04
Fat 0.20+0.05 0.62+0.02
Protein 0.88+0.02 1.13+0.05
*Carbohydrate 19.78+0.14 18.134+0.11

*Carbohydrate content (%) = 100- moisture- ash- lipid- protein
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Table 10. Moisture content of fresh and dried bulb and fiber of jackfruit.

Sample Moisture content (%)
Fresh bulb 86.61+0.34
Dried bulb 27.33+0.27
Fresh fiber 71.04+0.02
Dried fiber 26.13+0.06
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Figure 10. Extraction yield (%) of jackfruit bulbs under intermittent (interval 30 minute) and
continuous stirring (250 rpm) at room temperature for 3 hour with sample to solvent
ratio of 1:3. Different small letters above each column show significant differences of

value (P<0.05).
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Figure 11. Extraction yield (%) of jackfruit fibers under intermittent (interval 30 minute) and
continuous stirring (250 rpm) at room temperature for 3 hour with sample to solvent
ratio of 1:3. Different small letters above each column show significant differences of

value (P<0.05).
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Figure 12. Non-reducing sugar contents of jackfruit bulb (a) and fiber extracts (b) under
intermittent (interval 30 minute) and continuous stirring (250 rpm) at room
temperature for 3 hour with sample to solvent ratio of 1:3. Different small letters

above each column show significant differences of value (P<0.05).
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Figure 13. HPLC chromatogram of mono-, di- and oligosaccharides in jackfruit bulb extract.
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Table 11. Non-reducing sugar contents of treatment using experimental design by Box-behnken

with RSM technique.
Sample to solvent ~ Temperature Time Non-reducing sugar content
Treatment .

ratio (w/v) ©) (min) (g/kg extract)
1 1:3 30 120 143.2442.55
2 1:9 30 120 310.82+1.81
3 1:6 30 180 160.25+0.77
4 1:3 45 180 232.93+2.70
5 1:3 45 60 97.50+0.28
6 1:9 45 60 388.23+1.81
7 1:6 45 120 112.36+0.62
8 1:9 45 180 261.56+0.89
9 1:9 60 120 62.51+3.02
10 1:6 45 120 132.6143.19
11 1:6 45 120 115.89+1.07
12 1:6 60 60 152.80+1.95
13 1:6 60 180 97.04+1.85
14 1:3 60 120 222.76+1.33
15 1:6 30 60 128.18+2.59
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Figure 14. Comparison on non-reducing sugar content of predicted and observed values obtained

from experiments in the same conditions.

Table 12. Coefficient values of each factors which were investigated.

Variables Factors Coefficient values
Constant - (-) 497.755
X, Extraction temperature ("C) (-) 21.950
X, Extraction time (min) (+) 0.831
X, Sample to solvent ratio (w/v) (+) 24.725
X, X, Interaction effect (-) 1.854
X32 Square effect (-) 9.649
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Figure 15. Contour and surfce plot of extraction temperature and extraction time on non-reducing

sugar contents at sample to solvent ratio of a) 1:3; b) 1:6 (a1 ¢) 1:9.
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Table 13. Predicted non-reducing sugar content which calculated by computer program and three

replicated observing values from laboratory scale.

Non-reducing sugar content (g/kg extract)

Replication
Predicted value Observed values from experiment
1 429.65
2 414.50 476.92
3 453.28
Average 453.28+23.64
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Figure 16. Extraction yield (%) of jackfruit bulb extract in pilot plant scale under room

temperature with sample and solvent at a ratio of 1:9 (w/v).
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Figure 17. Total sugar, reducing sugar and non-reducing sugar content of jackfruit bulb extract in
pilot plant scale under room temperature with sample and solvent at a ratio of 1:9
(w/v). * The value obtained from calculation by the difference of total sugar and

reducing sugar content.

Figure 18. Characteristic of sample before and after extraction; (a) prepared fresh sample, (b)
laboratory scale extracted sample, (c) pilot plant scale extracted sample at surface and

(d) pilot plant scale extracted sample at bottom .
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Figure 19. Remaining of non-reducing sugar content from jackfruit bulb extract and inulin

(control) to human saliva & —amylase (0.33 units/ml, pH 6.8) at 37°C for 40 min.
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Figure 20. Remaining of non-reducing sugar content from jackfruit bulb extract and inulin

(control) to artificial gastric condition in HCI buffer (pH 2.0) at 37°C for 240 min.
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Figure 21. Remaining of non-reducing sugar content from jackfruit bulb extract and inulin

(control) to porcine pancrease & —amylase (0.75 units/ml, pH 6.9) at 37°C for 6 hour.
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Table 14. Percentage of non-digestible non-reducing sugar from jackfruit bulb and inulin after

hydrolysis in simulated upper gut conditions.

Hydrolysis (%)
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inulin
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Remaining of non-reducing sugar (%) 82.76 34.47
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Appendix table 1. Glucose standard preparation for reducing sugar analysis.
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Standard concentration

Stock solution

Distilled water

Total volume

(ng/ml) (1000 pg/ml) (ml) (ml) (ml)

0 0 2 2
100 0.2 1.8 2
150 0.3 1.7 2
200 0.4 1.6 2
250 0.5 1.5 2
300 0.6 1.4 2
350 0.7 1.3 2
400 0.8 1.2 2
450 0.9 1.1 2
500 1.0 1.0 2
600 1.2 0.8 2

Appendix table 2. Glucose standard preparation for total sugar analysis.
Standard concentration Stock solution Distilled water  Total volume
(ng/ml) (200 pg/ml) (ml) (ml) (ml)

0 0 2 2
20 0.2 1.8 2
40 0.4 1.6 2
60 0.6 1.4 2
80 0.8 1.2 2
100 1.0 1.0 2
120 1.2 0.8 2
140 1.4 0.6 2
160 1.6 0.4 2
180 1.8 0.2 2
200 2.0 0 2
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gasilumsinon
cv, =  CV,
e C,uazV, AoAnuNTuIazUSuIATVYB stock solution
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Appendix table 3. Sample solution preparation for sugar analysis.

Dilution (Time) Total volume (ul) Stock solution (ul) Distilled water (ul)
5(A) 2000 400 1,600
10 (B) 2000 1000-91ne15 A 1000
20 (C) 2000 1000-31n9137 B 1000
40 (D) 2000 1000-91ne13 C 1000
100 (E) 1000 400-911e15 D 600
200 1000 500-910815 E 500

2. MmaassNasNTIuMInaaa UaNIANM AUV ITITANA I HIZT VUM UAUDIHITD 1809
2.1 mImssNasazagvnaenien (Artificial saliva)

v H Y v
FaasiatnuI1ensauaad 13 1u Appendix table 4 uaziinazateluiinau
A aa A 9 I &’ ~ [ 1Y)
YTuas 450 Hadaas Taenupaoananie lvasazaieluiomeinuilsy pH vesasazae

3 @ 3 ¥y 4
19130 6.9 @28 0.1 M NaOH taziSuaSuiasvesansazatsauwdu 500 dre1indu

= J .
2.2 Msa3eaou el Human saliva (-amylase

iw3eoU 93] Human saliva (X -amylase type XIII-A (Sigma A1031, 66.3 units/mg

a

] o A Aa o 901 < [~} =Y an
solid) Tagwaeuloid 3.02 Naansuazareluiinduusdu @ serusamed) USuias 2 Jaaans
J 1w %’ ~ Py i i = a aa
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v ¥ P 1o Y 9 "o . v ¥ qua
@I’EJ\‘lﬂTiGl“l’iLf]l!ul‘ifﬂJ“Vlﬁ$ﬁ1ElfJ§JliJﬂ'311JLGU3JGUu’£jﬂ1’HEIWHﬂU 0.33  unit/ml muu“lmmmiazam

P % [] A Aana
u laiiwion ldaslurindiee19150103 1.65 Uaaans
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Appendix table 4. Chemical compositions of artificial human saliva.

Number Chemical lists Chemical formula Quantity (g/500 ml)
1 Sodium chloride NaCl 0.797
2 Ammonium nitrate NH,NO, 0.164
3 Potassium phosphate KH,PO, 0.318
4 Potassium chloride KCl 0.101
5 Potassium citrate monohydrate K,C,H,0,°H,0 0.154
6 Uric acid sodium salt C,H,N,O,Na 0.0105
7 Urea H,NCONH, 0.099
8 Lactic acid sodium salt C,H,O,Na 0.073
9 DI water H,0 For volume adjusting

Nun: aaulasain Sarkar Lazame (2009)

2.3 mawssumslalasnasimivinlesmislFlumsteadedluaniiznsa
magsouas lalasaaeimiviles 1ialSunasvesdedrsiitmasainnsgu

@ ] g’; ] 4 ' y o o 2
fed1aludunaumsteealgou el Human saliva Of-amylase now (11 lufuiaSua

ady v ¥ = &

A5AUNAD91H) MNUUIIFIATIAUTHAN) AuaAd 1Y Appendix table 5 Hinazatsluvia

% 1 1) I a 1 o 1
A10619 uazl5y pH vesensazane ity 2.0 measazatensalalasaassn 0.2 N neuiirlduy

@o

Appendix table 5. Chemical compositions of hydrochloric acid buffer.

Chemical lists Chemical formula Quantity (g/L)
Sodium chloride NaCl 1.703
Potassium chloride KCl 0.199
Calcium chloride CaCl+2H,0 0.15
Sodium bicarbonate NaHCO, 0.30

17 Fassler agaae (2006)
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2.4 maaseanen el porcine pancrease &-amylase
wseuou sl porcine pancrease (f-amylase (Sigma A3176, 332.8 units/mg solid)

doarhmswisenluaisazaie phosphate buffer

2.4.1 MSM3BNTITATAE phosphate buffer
1 Y v
%3 Na,HPO, 1.42 N3 uag KH,PO, 1.36 n¥u azargluiinau 1 aas uazisy
~ I Y
Wiy 6.9 A28 IN NaOH
Areg1masINNsguAIes NN enaInsdosludn1zniane 420 Uaaans

o 2 1w
aoams Ieu lmitianududugaieluasazarenauaming 0.75 univml

d
24.2 m‘sm‘%’ﬂumsa:mmau"lmu
9y o . o o 4 A a o
f83N1 stock solution ﬂlﬁ)ﬂlﬁ]ullclflliﬂﬂ%\u@uhl%ll 4755 daansy azanglu
a aa o [ ' Y Il Y 9
phosphate buffer U510 5 yaaang (ﬁ?ﬂiﬂ@’)ﬁ)ﬂNLlﬁSﬂjﬂﬂ’JUﬂN) ﬂzblmaullcmwummwmu
. 4 a aa Y 1 Y o [ H .
316.5 unit/ml @ﬂmiazmmau‘lw 2 Hadansasluviadied1 vz ladiedand porcine pancrease

(-amylase azmﬂatj 0.75 unit/ml
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Appendix figure 1. Chromatogram of mono- and disaccharide content in fresh bulb (a) and fiber (b)

of jackfruit analyzed by HPLC.

2. MaanahmaueuInIBIluszauviesl fiiams

Appendix table 6. Extraction yield and non-reducing sugar content (g/kg extract) of fresh and dried
jackfruit bulb and fiber ethanolic extracts under intermittent (interval 30 minute) and

continuous stirring (250 rpm) for 3 hour at room temperature (sample to solvent
ratio, 1:3 w/v).

1. Extraction yield (%)

Intermittent stirring Continuous stirring (250rpm)
Sample
Ethanol 50%  Ethanol 95% Ethanol 50% Ethanol 95%
Jackfruit bulb  Fresh 8.26+0.78 9.3240.92 8.0140.85 9.1140.97

Dried 1.93+0.42 1.83+0.55 2.86+0.56 1.61+0.32




Appendix table 6. Extraction yield and non-reducing sugar content (g/kg extract) of fresh and

dried jackfruit bulb and fiber ethanolic extracts under intermittent (interval 30

minute) and continuous stirring (250 rpm) for 3 hour at room temperature

(sample to solvent ratio, 1:3 w/v) (cont.).

Intermittent stirring

Continuous stirring (250rpm)

Sample
Ethanol 50% Ethanol 95% Ethanol 50% Ethanol 95%
Tackfruit Fresh 4.60+0.51 3.324+0.26 3.36+0.18 5.89+0.39
fiber Dried 2.57+0.01 0.38+0.01 2.86+0.01 0.42+0.00

2. Non-reducing sugar based on g/kg sample

Intermittent stirring

Continuous stirring (250rpm)

Sample
Ethanol 50% Ethanol 95% Ethanol 50% Ethanol 95%
Fresh 209.25+33.14 122.48422.27  163.19+21.96 321.52+20.44
Jackfruit bulb
Dried 23.41+2.72 101.814+2.76 51.23+13.42 121.88+6.12
Jackfruit Fresh 34.89+8.22 60.30+16.80 33.16+13.69 126.89+9.41
fiber Dried 130.91+3.18 38.561.07 150.394+2.46 33.97+0.15

87
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3. MIanamaneuInIBIUITAUISINUNAAY

Appendix table 7. Extraction yield (%) of jackfruit bulb with ethanol 95%, at sample to solvent ratio

of 1:9 (w/v) under room temperature (30+2°C) for 1 hour in pilot plant scale.

Extraction time (min) Extraction yield (%)
5 0.34+0.01
10 0.37+0.00
15 0.38+0.01
20 0.42+0.03
30 0.46+0.01
40 0.48+0.01
50 0.52+0.01
60 0.55+0.01

Appendix table 8. Total sugar, reducing suagr and non-reducing sugar content (mg/ml extract) of
jackfruit bulb obtained from ethanol 95% extraction, at sample to solvent ratio of 1:9

(w/v) under room temperature (30+2°C) for 1 hour in pilot plant scale.

Extraction time Total sugar Reducing sugar Non-reducing sugar
(min) (mg/ml extract) (mg/ml extract) (mg/ml extract)
5 11.95+0.04 1.27+40.00 10.68+0.14
10 12.00+0.09 1.34+0.00 10.66+0.11
20 14.93+0.12 1.46+0.01 13.47+0.09
30 15.73+0.01 1.67+0.01 14.07+0.06
50 15.73+0.02 1.93+0.00 13.80+0.12

60 17.5340.11 2.1240.01 15.41+0.13
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Appendix table 9. Percentage of hydrolysis of inulin and jackfruit oligosaccharides hydrolyzed by

human saliva ot —amylase (0.33 units/ml, pH 6.8) at 37°C for 40 min.

Hydrolysis percentage (%)

Incubation time (min)

inulin Jackfruit oligosaccharides
5 0.00+0.00 0.11+0.00
10 0.01+0.03 1.1540.27
15 0.0340.01 1.4140.24
20 0.04+40.01 2.8940.21
30 0.0540.01 4.9040.21
40 0.0540.01 4.95+0.23

Appendix table 10. Percentage of hydrolysis of inulin and jackfruit oligosaccharides hydrolyzed by

artificial gastric juice (HCI buffer, pH 2.0) at 37°C for 240 min.

Hydrolysis percentage (%)

Incubation time (min)

inulin Jackfruit oligosaccharides
10 2.68+0.03 1.01+0.02
20 3.66+0.03 2.1040.47
30 4.65+0.27 6.41+0.44
60 7.71+0.35 6.73+1.41
90 10.78+1.14 6.86+1.50
120 10.35+1.12 8.37+1.13

240 22.99+2.01 8.86+1.06
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Appendix table 11. Percentage of hydrolysis of inulin and jackfruit oligosaccharides hydrolyzed by

porcine pancrease ot —amylase (0.75 units/ml, pH 6.9) at 37°C for 6 hour.

Incubation time (min)

Hydrolysis percentage (%)

inulin Jackfruit oligosaccharides
1 4.21+0.76 44.07+1.99
2 7.91+0.36 51.40+1.86
3 8.49+0.36 57.39+2.00
4 8.87+0.96 52.1842.26
6 10.35+1.03 63.58+1.26
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Appendix figure 1. Standard curve of total sugar.
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