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ABSTRACT

Ethanol production from the pineapple peels were studied in this work. The
comparison of 3 different pretreatment and hydrolysis methods were investigated. The first
method was using natural organism living on the peels (Decay). The second was using mold on
expired bread and the last was using enzymes. Then each optimal hydrolyzed product was
fermented to produce ethanol by baker’s yeast.

For the first hydrolysis (Ensiling-wet-storage method) the crushed peels were
mixed with water in ratios of 100-160 g/L. and were packed into plastic bags. The bags were
stored in a damp under 84-92 %relative humidity at an ambient temperature (26-32 oC) for
decomposition time of 1-14 days. (The natural microorganism was prior existed on the plants (the
peels)). The optimal condition using 141 g. of peel to 1 L of water for 5 days hydrolysis time
provided 0.58 g/L of reducing sugar and 135.43 g/L of total sugar. The second method, the peels
and the expired bread were mixed in a weight ratio of 1:3-1:9 with the peels mixed bread to water
ratio of 100-160 g/L. The material mixture was packed under the same condition as the first
methods for 1-14 days, and a factor to be studied further as the time beyond the expiration date of
the bread of 1-7 days. The optimal condition was 5 days beyond the expiration date using 1:3
ratio of the bread to the peels with 153 g/L of the mixture for 1 day of decomposition time. This
provides 2.07 g/L reducing sugar and 389.33 g/L total sugar. In addition, the last method, the
peels were pretreated by 100-240 U of alpha-amylase (U is 1 unit of enzyme for convert substrate
to product 1 pmol/min under the same temperature and pH) using 100-160 g/L of peels to water
with 5.5-7.0 of pH at 70-100 °C for 1-4 hr. Then the optimum pretreated products (188 U alpha-

amylase, 160 g peels/L 5.5 pH, 70 °C for 4 hr.) were hydrolyzed under the same studied
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pretreatment condition (100-240 U, 100-160 g/L, 70-100 °C and 1-4 hr.). It was found that the
optimal hydrolysis was using 120 U glucoamylase with 3.5 pH at 70 °C for 4 hr. This gave 48.16
g/L reducing sugar and 549.35 g/L total sugar.

After that each optimal hydrolysate was investigated for the baker’s yeast
fermentation, 2-8 %wt yeast, 4.5-6.5 pH, 30-40 °C and 2-8 days. The results were found that the
optimal fermentation for the first hydrolysate was 2 %wt yeast with 4.5 pH at 40 °C for 8 days
which could get the ethanol content more than the 2 others. It achieved 5.38 %v ethanol product.
Secondary the expired bread product should be fermented by 3 % yeast with a pH of 6.4 at 30 °C
for 8 days that provided 4.07 %v ethanol. And the last hydrolysate was processed using 6 % yeast
with 5.5 pH at 35 °C for 5 days that 1.10 %v ethanol was received.

The production costs of the 3 methods were estimated. They were found that the
first method (decay) gave the lowest cost that was 23.31 baht/L of ethanol. The second method

was 25.14 baht/L and the third was 64.81 baht/L.
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AU N 60 parsaed 1Hwna 1 %3 Tue vuudulvanudsunounsyaiminluiinmnes
a Aa aa o = 1 = =] Aa
@utaniay 50 daaans hasazate lUvyuries 1200 souaewi iuna 5 urfl Aeeq3u
msazmenazii lszime mndawragmi ldeuudeludoun 80 ossmardoa o 1duile
Y
Nivadiazatenuaudl 11 9.3 nFU MdwInanAdIBEMIUBALAZIINIFY 91ATUTIINT
L4 [y a { a Y
laTas laddronsadaysnNiguuyi 121 osrusaiFod AWAN 2 VITEINIA ATIVEADL
q'/ = Q' a 1 9 9 L
aapanaaunszna idmsaarsutlanudy Uszana 30% vosamsieuts 1o ladlunis
v 4 o I~ 4
win M3 laTas laguilsszavanuduiolaeldtad s cerevisiee ANUMITUTIUGIED
Y ' v '
0.87+0.01% (Taerimiingel3uay) 1 6as1gaga 14+1 Yaaansaoniug Tua Tu 28 42 Tug
4
mdulszansvesomusannnglaa 0.44 (NFULNIUDAADNTNEINT1E)
Y o = a A o A
Yuan et al (2013) "lﬂmmiﬁﬂmmimﬂﬁammmgmmmﬁmﬂu
1 4 4 [ a a v
endoinulinase 1daal1udad s. cerevisiae 1ivo1)5D139m5 190Uy AUIAZMTHTNIONIUEE
HIUNTI9IUTINAUTLHIIN heterologous endoinulinase tag IAYFTTUBIAUD invertase SUC2
F2
Taan15111 endoinulinase gane inuA 11N1¥0351 4. niger a3 111U 5. cerevisiae Taoaziin13nain
Y] U [ qgj o a g 4 a Aaa v ] di} Sldl
NIV Uaz U MiuIMsmusadsadad 11y 50 Tadaasvean1snin vue 134

- ~ . ' - 3 < A S | o
DUNNY 30 93ANALKYT (VYT 200 IDUNDUIN !ﬂulﬂa’] 16 %3111\3 lnaﬂﬂlw’lglaﬂ\us}fﬂgﬂﬂ’lﬂ

E] U

' '
a ~ o/ =

(] ] a A =1 a Aaa Y] dy d' 9 v dy
nlalu vaagiswy vuia 250 Jadans Nl 100 Haaansveaiuden lewlin Nvuiaue
a o [ % d‘ =\ 19 o‘/ v d‘d
10% (Tae1l3as) dwmsuninenivea N 30 sruaiea Tasludosdy msuinnd 20 %
' Y 4 v
Weannuaziu Taglitamseiisdu Hsmaniaanamualundls (71%) naialinden
Y 9
L] o % o o a 4
AT808AANTA NINTNADININUA 3 H1 TINITIATIEHANWTUTIUVOUDNIUDA LA Hi
a g} aﬂj 3} aAa 4 Aad = :’) csy
Usuanimanavyanaziiniaiais laeds 3,5-dinitrosalicylic acid (DNS) N1IANHYIATIU
< 1 o 1 [ T . . a
paaslfifiudimshauswduserin heterologous endoinulinase 1az 1aeFsTUBIAUDY
] [ L] a a Y a 4
invertase SUC2 $e1/5u1lgamsdesaargduyaunaznsndnionuoadegan S. cerevisiae

9
sz ansmmavu



22

Y o = a 9 4
Boonsawang et al. (2012) Tavimsanuinskaaemeanmduleidy (Palm
pressed fiber: PPF) Tag Prehydrolysis 10U Simultaneous saccharification and fermentation
4 o I Y] ] a
(ssF) Taardulothay (PPF) gnit lnudedronaaaaiunat 2 Su dsvanindle 2.5 ila
' s s { 3
Twadegnuanwas Twden laasen lad duldideah 100 esrusadoa Wunar 15 wi
Y 9 [
miuiuinsesdlefndrdradlninlszihldeazerauaz 1N a euuan 60-70 oae
1 4 v
AT LAZUAAIBIATOIUA 9101 UTINTT Prehydrolysis @115 PPF AliA1ududu 100
a [ 1 4 4 1 [ 4 a
nlansuaegnuianiuas areeu ladisagiad 6.0 FPU aensu PPF uaztow lxiinding Ind
1 ] { I M
1adl (B-glucosidase) 3.0 U ¢10n3u PPF 7 pH 5.0 tag 35 odaussaidoe (Hunal 6 52 Tu A
Yy v A Ay yYd N o s a o
WudugegavesomuoauazHanaai lailu 10.4 ATansuasgnuIANLAT 1Az 192 A laniy
[ 4 I M o [ Y 9 ~ J
apgninanuasvedwaglad Hunar 24 Falue dmsunsviinuuy SSF Adedea
S. cerevisiae 1az N 6 ¥ 1U9U0 Prehydorlysis ANAIAL
Hong 11a¢ Yoon (2011) lavhimsAnyimsdSulienszuiunmsnaaeniuea
a A B a ) P Ao a
Nnvpadsanasiie lmnzanlunmsnaaeniuealasldeu laiuazdad lagveude
[l [] 9 9 Aa [ 4 A W dy v J Y
vinennsaaulugsznoudle 41gn maasuaiutleand dn Ua1 wazilodad zgnua i
<] Y . .. 09.:} < PR [ Yy dy [ J
vuraan1aeld liquidizer 3wy 3¥easndelasldtinnududssuna 800 nsude
a ) 09) o Y] o Y ~ a = I M)
alansuTasiniin naenmilleuuisnguvgi 105 ossuwaod e 24 2 Tu wery
4 a a
oulmineavh-oz luaa, ozluTangladiad (Amyloglucosidase) taz 5@ (Protease)
o 4 1T A Aaa 4 {
s lal 240 AGU nollaaans daanlsne S. cerevisiae (KCCM No 50549) t1ag
9 ' v
Z. mobilis (ATCC10988) M3gegiiuimivesninemsgni ldinensdenirldiinnududu
1 [ 1 4 a d' Y gz’ Q‘ 4
FEUIN 65 1Az 150 NTUABYNUIANATINAT NWIATFIMUR InTwnmeu Tasiag Tl lu
Y [
Aunay (0.5 Tadansas 100 n3uNA011I3) 911U Tdivg 1y oil bath N1 45-50 89A
warBod pH 15uAulszana 4.5-6.0 A10819v09nINeMITgNAsenlunIsnAass SSF 1h
£ y & v A = I ~ @ :’) o a
msazaeteluniouenNUAUN 121 oA Ao 1111981 20 UIN M9 INHURINITIAY
= 4 L. =) 4 . 3 a
gaf S. cerevisiae (KCCM No. 50549) uasaa® Z. mobilis (ATCC10988) ad'l1) :mTudy
P [ [ a a
ou'lmin lannsunauiuvewean-oz luad, oz luTang Indaa uaz TilsAea n1snaaea
9 1
narnaduiunslu vaagdawy 250 Jadans Fuvdrlldre 200 Hadaasvealsuimnis

a =

o 1 o ad A 3 o d
mamﬁqmmm 33.5 DA ALFIN DRTINIU 2.5 1FTR pH LiiJSg]j‘L!LTJ‘L! 5.0-6.0 wnmﬂunm 48

U
F

M o o o 1 Ay Y a I Y A . . .
111 11nTudl061991 14 1131A51241A181A509 High-performance liquid chromatography

(HPLC) Fawaminaaesaidl1ai mnemsamnsathuwaaienueald
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[ =1 9 o = 9 4 o [ v
Houes tazame (2554) Tashimsanyimsldagaeulaindrmsumsvine
A [ =\ d A di = g} A 9 d’d
muoannldenduilzsa Taeligalszass As meAnywavesihmasuauluemsmvalill
' Yy 9 Ay ¥ o Y P A A P
asanudnduvesomueai ldnnmsninarengaeu luinsdosiia Aoagaou lainan

Y Y
[ o 9
130 T reesei HASIFONANTININ T, reesei 1AL S. cerevisize Mivdinton1uoalasldalaon

[

A o Y g} o Y Aa Aa aa ~
auﬂzmmmmﬂmaﬂaz 8 Iﬂﬁlu'l’ﬂuﬂ!lfﬂﬂ 1“@1W1§Lﬁaﬂﬂiﬂ1@i 100 Waaaas N pH S Uag

gl (30 osrwaiFod) Tuvlagisuy 250 Tadans 119DUATOUVIIR18DATT 120

E] U

1 Y [ 1 4 1 :l A [ Y
souaoud wlsAudasidrungawn ladmaoiimasuduluemsmaanniny 1:0.25 uag
4 y 1 o [ 4 o
1:0.50 naztiverlSsuifisuiomueai Idsznimsninnlaenduilz sadaengaou lainedy
v aan Y] g lq/ 1 4 1 g’ a'
MIWinuUDIIURN501828 10% v vesiuFenaunionsidiungaeu lainsaerhmasudu
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aaa 'a; 1 4 1 3’ Q' | Y [ @
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v Y o = A o A = A A a
anvan uazaue (2554) laMimsAnyuieaadondadnidszaninmgalu
Yy 9
AMINANBMUDANNINAUINE A UMY WouAnEINITHAeMUPaLD DAz e ]d
A (=) 1 d:l d‘l Iq Y a o d' dy = 4
annzitinaz lulimsaduyoriodszgnaldlumndnszaugaaimnssy lodedad S
. . N S 3 < ¢ g
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g < e o ' § Aa (a < A
unsng (YM) vazlihauaindidudihaiiudasaidenidsuaveadanazais'ld

anJ a 4 " W a o 4 @ L
NIHUA (TSS) 15 DINUITNY WUIBATINTATYIUNIZFIFA (Llmax) maﬁa@ammﬂwuﬂu

o NER R . o < 4 da a
DINITNN 2 H¥UA nm"lmgmmmu Weninemusanmihnulaoaronidsuia TSS 15, 18

a J . a Jg 091 3 v 1A o w 4 09.1}
Hag 24 091U (AU aIanIrua 130, 162 1AL 225 NSUADANT AINA1A1L) 1ATTEAN

]
a ~

v % s @ a A a
2 TIYNUT W3Jﬂ{111!1/\161']ﬁﬂ‘]9j'ﬂ\‘1ﬂu'6'lﬂ'lﬁl6ﬁ}'lﬂlu'lﬂ 500 HaaanT N WY 30 @Qﬁ'l!clfa!‘;?fﬂﬁ
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[ 1 =1 9 Y Y A (Q' Y 7 1 a Aaa
RIINITNIU 100 IDUADUIN 1“11?]’3']“!%%6111!8’(3@]!,5“@]14 2x10° 1HAANDUAAANT WANITNAADY

9
WU Bad SC90 Homsmsldiaia nazdasinmswaaeniueageniidas TISTR5048 Tumn

9
[ Y

4 a ] 4 $ & oy 3 a
anzmInaasd aaiududenladad scoo Asmssaenuilonluiieu 335 fe (1) 14
v 1 9
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9 £ v o )=} o A a Aaaa ]
NIoau3Iey 19111 110 sarwaFed 40 WA 2) Tyisinde uay 3) N UUEaN 0.05 NTU

=) 1 :l g S Ay Qdd’ Y a A a
Apdas wamsnaassnuInihnunanye laedsn (1) 1dlszaninmmsnaaeniuoagega
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' ' ¥ Y Y I
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24

Y Y Y '
mueannihaulasa¥eludaniinuuia 50 aas wuin P, Op uag Yp/s limIndiReenuile
ninludaninuuig 2 ans

a Y o =2 a Y
211a1 tazANL(2553) lainsanyIMsnanemuealagl¥nszuIunis SSF
9 Y
vin Igaddde msdSuanmiideonu 3 duaou fie 1) M3sziind1e'191i1(Steam explosion)
Y 9
2) MIaARAd181i1 (Water extraction) 3) N3 ANAAI8A1 (Alkaline extraction) 91PHURINTHI
U o @ = a A J @
Taelweaa S, cerevisiae SC90 TuMsHLn 11NMIANEIUSHIED (5, 7.5 1Az 10% Lagrimiin
F
1 a a Y 1 4
a01lSu1a9) Haguuu (30, 35 1ay 40 mmma@ﬂﬁ) wiounaldoulai Celluclast 1.5L
% A’ I Y a 1 a d‘
118z Novozym 188 Tumsnainuuy SSF e 14 lal/Sunateniueagage wuinsuange 10%

a =

g} v 1 a o A < A A (a
Tagihmiindodsunes Tunmsniingargl 35 esrusaeailuaanzimuzay JUsua

U

OMUDA 28.47 NFUADANT LazHa lAVBUBNIUBANINY 79.01% 11BI91ANT NS M
a YA (A dgl
nazguugldwalitilsinaemuoageiu
Gaspar et al. (2007) l@any1msnaneniuea1ndulevinIna (Com
Q' ) L] g} [} 4
fiber) 1TNINIINITE08 10% TasrhmindulediiTna dreeu laiuean-oz luaa Tu
a a Aaa g [ { a U
U5 0.5 Tadaasveusn ladaensuveuduledn Tna Ngungil 120 esruaaiFod A1 pH
[ Y I M 3 a 4 Aa " v 9 Y g
MY 4.8 Wunar 1 5 Tue nntdwaueu lsiuearh-o luaa Usmamiinuinsdudnasa
o A a A & o o ]
naziinsnau fgaigill 90 osraided 1fwnal 1 92 Tue vindwi lunsewuuldai
o v y v 4 v S o o < A
duagluasy vuna 100 Julaswas vazdraareriinauseu 3 ase dmsuaznouv TN
9 . ) Y [V 4 9 = ]
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0 g M o ¢ A 4
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Q U

Y
o o < .
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Y9IUTYIAD DCF A28 15HYUInI84 (Centrifuge) 31NHUEDIUDTI DCF Aetou 43l uag
v 9 L. [ A 14 g} @ Y a a
WINAY S. cerevisiae T0aM319991991 14 5% Tagtimiinuie DCF wazianesoImsoaa
A a = 1 < o A 1 o
NQuvgil 37 esrusariod a1 pH 4.8 11unar 48 %2 Tua nuduieraidiu 1y 24 42 Tuq
. . .
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a A 99 o ) Y 9 Ay v
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yaauazAy (2547) MAAn¥INTHAAIENIUBaINNIAN UG nEa v
T g anJ A v I gl % g/ Y ~ J ' ' %
wiaily 2 Fuaeu Aemsgesudluthniviauazmsniiniiaiadledad wudinsgesniniu
) Y] 4 a 1 o 1 % o o
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mAALUE (122.5 PG) apmniudlzvawits 1 nsu Nguvgil 28 osausaiFod A1 pH 1N
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1
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mmﬂaﬂmé’f’smau"lc]mﬂgiﬂaz"lmaa (0.23 GAU) siomndiudra)endausia 1 a5y ngumg

)

F

v " o I M 1 1 a o a
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anmenmzanluMINas PNUANAITaZABNINaIAITISUAY 89.2 nTuN 1da1nNT
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o 091 o a U [ 1A A M a I
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g} o v a o A ~ 1 =~ A o 1

WminaeTunas) i ldvyumiesi 5000 seuaewi unal 20 Wi ihasazaediula
a 4 : aa 4 qg// Yy 9 9 [ 1T A g}

T3 azivmimasand amiussmeansazae 1 UaNUTUTL 40 NSUABAATYDINAIA
aa 4 oaj o o 9 ~ 4 L. . . @ dy
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UNN 3

Faq ginsainaz3izmsIde

3.1.1 IngAy

nldenduilzsaiuigua 1infudulesagua ndalada arvmih
urIneasasvauasuns sunemalug) Saniaasvan

3.1.2 oyl wsinazqdun3e

3.1.2.1 mu"lcnmmam-az"lmaﬁ( O-Amylase from Aspergillusoryzae ) HAR
Ta# Sigma-Aldrich

3.1.2.2 mu"lmﬁﬂgiﬂaz”lmaﬁ (Amyloglucosidase from Aspergillusniger) Han
Ta# Sigma-Aldrich

3123 Baduunile (Baker's yeast) ¥fiadaduriaduiagy as1 o iy

o w

¢S Aaw I s A A ~ A
VINIU UIEN LUDTA EqJﬂLﬂ'E)ﬁ fﬂlll"]fflﬁ@ﬁ 1NN ﬂi\ilfﬂ‘wc’l Iﬂﬂlﬂﬂiﬂ‘l&l'lﬂﬁ@]ﬂlﬂﬂﬂ\iﬂ mwgu 5

DA AT
= A a d

3.1.3 MSANNINMTIAIITH

3.1.3.1 uoa (Phenol) Laboratory Grade WA 1ne PanreacSintesis

3.1.3.2 3,5-Dinitrosalicylic acid Laboratory Grade wan lag Sigma

3.1.3.3 TaRen T uaaideumsimse (Sodium potassiumtartrate) Laboratory

3.1.3.4 Twdeulaasen lod (Sodium hydroxide) Laboratory Grade nan lag
Merck

3.1.3.5 TmAeuda i (Sodium sulfite) Laboratory Grade Wan 1as Merck
Grade Wan 1a8 Merck

3.1.3.6 ﬂQTﬂﬁ (Laboratory Grade) #8¢ 1a8 Ajax Finechem

3.13.7 1lom1ea (Commercial Grade) AMUSgNT 99.9 1losidud ranlay
Sigma-Aldrich

~ J 3 4
3.1.3.8 miagmﬂuaﬂmuﬂ 25 lﬂ@il“]ﬂ!@]
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3.2 gilnsal

3.2.1 gunsaiiililunsnaaes
3.2.1.1 10509%9 4 dwnra ledmsuradiednanazansall

A @ I 1
3.2.1.2 10509AANU UNTA-A (pH meter)
3.2.1.3 15041 (Blender): Moulinex ‘;' U MoulinetteS
3.2.1.4 1AT0UNIBLEN (Centrifuge)

Y
3.2.1.5 8191 UADANGUNY UV VIVET (Oil Bath with Shaker): Memmert
IU WNB 45
3.2.2 gunsaifldlumsInsizn
.. 3 A A Aqya s '

3.2.2.1 UV-Visible Spectrophotometer (UV) Whuaseale1¥as1ziman

gJ a d gJ 3 @ !
ﬂ’nwi’fm’fuﬁumuwna?mmmgmmamwm waaIaannlseneun 3-1

MNYs5EnoUN 3-1 1589 UV-Visible Spectrophotometer ‘;' UHP 8453

A 2] = [

32221@50und 1asu11an3 W (Gas chromatography, GC) JUHP 6890

... 3 A A Agqya 7 ' Y v Au v
flame ionization detector L‘lJ‘L!Lﬂ‘JEN11’6]“l/]ﬁlﬁlf’nﬂ‘JWW‘H1?]1?]313“611u“llwll’é)\il,ﬁ)%1ufla‘1nulﬂiﬂﬂ
o 9 a Ao Id dy = [ % v ~
nszuIumsnin lagldmaiansuenasiianvaziuiemeloonniniu laga15aiee1ei
a oY ' o I 9 Yy o A 4
Hlemueaizgnaadigszun aenniuszszivenaieiiule gaiieazgnuiarenaneeda

3 . @ v P 3 . A o o ~
171 mobile phase lganoautiduily stationary phase tiloiIMsuEnaITOONINAY A5 TLLEN

Y o =2 A, a 7 Y Y o ~
vlﬂﬂggﬂﬂuﬂﬂ l‘W'fJ'V'I'lﬂ'li')tﬂi'lgﬁﬂ'lﬂﬁ'ml"llll"lluﬁ@]lﬂ memmwﬂizﬂauw 3-2
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Ay A o = = ~ a 9 Aan A 1 1Y
\TI‘L!’Ji]‘c’lLl‘VHﬂﬁﬁﬂEHﬂi‘c’l‘]JWIEl‘]Jﬂigﬂ’JuﬂﬁNam@%1u@a@1’38’m%tmﬂ@]Nﬂu

Qe

3 UUINNMTHAN LEAITUABUNITNE

Y 4
~

Natural
microorganisms

(with ensiling-wet-

a

Tasdauaaninilsznoun 3-3

[ Crushed pineapple peel ]

|

[ Pretreatment and Hydrolysis }

\ storage method) /

Baker’s yeast

Fermentation

]

2 Y

N

Mold on bread
(with ensiling-wet-

storage method)

Alpha-amylase

]

)

Baker’s yeast

Fermentation

Glucoamylase

Baker’s yeast

Fermentation

v 9
amlseneui 3-3 LHUMWLEALUINNUAZTUABUMIHAALONIUOA
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3.4 35MInaasa

d [y

3.4.1 mafnyvenilsznevveulasnduilzia

o A [ Y =) =\ [ Aa A 9 d'

HmlaenduilzsavaliazBeasuiivuna limuy 3 Tadmag AliAT99UA
Moulinex 31 MoulinetteS 1aadaan nsznoui 3-4 Handwnzimesddszneuniuail

9

1aun UsuaTdsau Ysualviiu Ysuannusu UsSuandule UsSuanis Tulamia
2 Y 9 Y 9
mvue Usuanimiasand Usuanianavue uazdSuanianauaazyiialunldon
dulesa TaodaiiedadimsgdnguiiangaaMnssunbas ilen15a90en (ADCET) A9l

gATINNITNINYAS LazgUdnToloInnmeans uminededavaunsuns

Ailszneun 3-4 mmnlasnduilzsardaun

3.42 mstfuanmazdeanldendurlzsadrenmslfadumidnusssumnad
Aevuesulaendulysa (with ensiling-wet-storage method) (MW1J5NOUA 3-5)

dhildendudzsauiunazualifivine 3 Tadwes 1dlugedd Saema
senudathnga fugal3lugllash uazede131ds10h Tuiidauassuiters snisiias
mulfeungives (quugimdsnnggniavessiniagevateglugvgangil 2632 e
waiea Fuiluseiisuaziadaunsansydvlalda) Anusudninglssinaosas s4-
9 (Funnuduildineinyianasand o anuiimnisnaass mainimnssuai)
seeznaideslfiiasuazifanmsdesmadanin 1-14 Ju hwandan 18 luuaazJu
ﬂ15"3miwﬁﬂ?umifwma?ﬁacﬁﬁ?@ﬁywmaﬂQTﬂﬁ (Reducing Sugar) wazlSnaninananue

(Total Sugar) fe1n509 UV
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9

mnsznoud 3-5 MIlSuanmuazdosldonduizsadlronis1Faauns snmnav ey

q

nlaonduilysa

Y a

3.4.3 mslSuanvazmsdennlaenduilzsalaalfgaunidumlden
ﬁuﬂzsm'mﬁ'mﬁu‘n’%sfuwuuuﬂaﬁma%’u%mmquéﬁ 1-7 T (mwilszneui 3-6 uaz
amilszneuii 3-7)

shidendudlzsauazvuuilonunety uaetguda laifu 1 ddand) witu
wazuas iy 181 Saomaeenudilamhngs fuge 3 lusdlarh azneda 13186100
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MAY | sTeznaay ons1aIu lag STEFTRLY seozalums Usmahoa

i TUnuALIY dmrnvesvunil JgAunay | UTuaninuag (NSUADANST)
vowunils | aelaendulzsa (NTUAD 808 whana shaa
(1) (NFUADNTL) ans) (M) a9 Wavua
1 1 1:6.00 130 8 0.79 300.51
2 6 1:4.50 145 4 1.51 137.59
3 4 1:6.00 160 8 1.10 126.12
4 4 1:6.00 130 8 1.23 155.63
5 4 1:6.00 130 8 1.23 150.27
6 6 1:7.50 115 11 1.10 194.26
7 3 1:7.50 145 11 1.04 185.88
8 4 1:6.00 100 8 0.87 161.75
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11 3 1:4.50 145 4 1.39 207.78
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15 3 1:7.50 115 4 1.05 120.59
16 6 1:7.50 145 4 1.37 136.91
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21 7 1:6.00 130 8 1.12 213.63
22 3 1:4.50 145 11 1.07 211.80
23 3 1:7.50 115 11 1.10 241.80
24 4 1:6.00 130 14 1.51 238.77
25 6 1:7.50 115 4 1.16 128.46
26 6 1:7.50 145 11 1.08 138.65
27 4 1:6.00 130 1 1.83 389.34




42

o v Ay ¥ a o o B v
Mdeyanlaainnmisnaasd limaziaiundn ANOVA Faauisnlsd

U

o a Jd o a v o @ 1 @ {
UUUADINWAUAATNT ‘Ll11ITe)‘ﬁ‘lJ18ﬂ31uﬁuwuﬁﬂlﬂiﬁﬁllﬂiﬁ1\1ﬂﬂ\iﬁ’llﬂﬁ‘ﬁ 4.2)

X,=-5.979 + 0.193A + 0.06881B + 0.101C - 0.02136D - 0.03626A° - 0.0026B
- 0.0003C° + 0.0092D” + 0.0068AB + 0.00095AC - 0.00478AD - 0.00102BC + 0.00594BD -
0.00122CD 4.2)

Y U a 3’ Aaa (.d' 9 U a
mmaeﬂﬂaawmwamﬂimmmmasmw"l@mﬂﬂﬁma@mazmﬂimm
S aa odAynw ° ) £ q YA o Y2 11 AnyY
u1@11ﬁiﬂ’3°ﬁﬂ1ﬂ%1ﬂﬂﬁ‘ﬂ1u1ﬂu R™=0.969 #lndineeny 1 LLﬁﬂQlWLWH?WﬂWﬂqﬂiﬂﬂﬂ1i

]
~

o SO Y A v a 2 .
‘1/]11!183Jﬂ1‘1/]1ﬂmﬂfNﬂ‘lJﬂﬁ‘V]ﬂaENi]N (R” adjusted = 0.934)

Aa ¢ v

¥ o W d'd ' 2 g’ c; U v A
4.4.1 wavasiladadngninanelsinanimasarsnlannmsdSvamnuazgemilasn
[ d [ (Y] d 3 (Y]
duilzsadiemsligaunsduunlaendulysasunugaunsduuvunilsfime Sununeig 1-7
gl
(1) wavesoasdruvunilinonlaendulesauazszoznatasiuruaoiguesyuuilend

1 a 3, aa 4
wanelsuaniimasand

= - | e L1-1.3
= 1 ]

2 ' W 09-11
C %
= W 0.7-0.9
L7

o

g W 0407
=

e W 0204

7.0 T W 0002
g3 ="
ARSI R R an A s LX) szazanagiunaagvaiviila (3u)

d' g a [} [ 4 1 [ 1 1 A Y]
MUszneunN 4-2 s NUAILEAIRNUFUNUTIZHIeas 1@ vUNileas]aenduilysa
Y Aa 1 :I Aa Y a ) a
wagszeznatariuiuaeIguesvuuilininaaeiinaiais TaslslTuaingaunay 130

Y
ASU av 11 1 ans uazszezna lumsdsuanmuazdes 8 Tu

HavessaTIdIuuuilaoldenduillzsa nazszeznanasiunuao1guD
[ a 3’ A A 4 [ .d' 1 a a g‘ aa =
vuuilagellsuranimasals uaasaannalssneun 4-2 wu Usuianananiinnias Ay

' Y ] ]
Usinaninvuiie Idaunilsnfiszeznanasiunuaoigliudrod luge 3-6 Ju uadasidin



43

1 A [y [ Y 1 a 2’ Aaa 4 .d' a g} aSaAa 4
vuuilsnenlaenduilssadanatisennaolsunaing1asanNd ms1zn15NIZNAN1IN1a5 A%
Yy Y d?} [ o a A d A [ a A J ~ @
1ddotununisiiauvesgaunidumldondulzse nazadunsduuvunilsiaeiu

WUADIYAID

(2) wavodszezna lunmsUsuamuuazdos uazszeznatasiuruaoIguoIUNilang
1 a 3, aa 4
wanelsuaniimasand

1.7-2.0

=

W L3-17

(M3IAaans)

W L0-13

&

Py

W 0710

R GERRER

W 0.3-0.7

o
o

W 0002

svaznadSuan muazias i) Lo szeznavasninasgvaiviil (u)

! g a v o v o
ailszneud 4-3 namwliurdasnNuduRusIznINszezna Tumsdsoann
Il @ A ' a g‘ aa J Y v 1
wazdoe uazszeznatarIuuaguesvuLilintnagelsnaniviasay Taslsonsidin
:} o 1 = o o a @ a @ 1
Tagihminvesunilinuaeigaonlaonduilzsatu 1:6 uazlSuaingaunan 130 n3u do

Y
1111 8035

HAYD93 ez TUMIUTUaN LAz g9 1Az T8N NAsIUHUAD1GUDI
[ a g} aAa 4 [ d' 1 a g} aAa =Wl
vunilaaslsviaiieiaiald uaaananinilsznoun 4-3 wu21 Usuiaiim1asaIwlan
A d? A 9 [ v =\ @ Y Y]
mvvueldszaznalumsdsuanmtazdeaiios 1 U uazadslrizeznanas IunuaoIy
[ A a =4 ~ Y A (a ~ 1
voauuuile 3-7 Tu eaningaunidnnvunilinnuasgudivlsmanwenvzansndoy

9
i lulawmsalwldiluimanglna’ldnielu 1 fu



44

3) waveslSunmvunilnauldonuazszeznatasiuruaoigyosvuniliniinase

a 091 aAa 4
Ysnaninasaadg
- 12-14
& 14 L0-12
= L0
= 08 0.8-1.0
s 04 |
= 02 . 0.6-0.8
iz 0D =
Tim
o W 0.4-0.6
= .
s 100.0 6.3
v 113 5.0 0204
126.7 T
140.0 72 "
G 2.3 W 0.0-02
L0 . _
Usmavamilapamlaan o< asudaii 1 ans) FzgzaAAsNIIA VeI (31)

{ 4 a [} [ 4 1 a [} a 1 gJ a
AMmsznoud 4-4 nsmliuAnaasnuduiuiszvIndsnaiagAunay as 111 1 aas uaz
[ P 1 a g‘ aa 4 a [ @
szgznatariunuaolguesvuiliniinanelsuanimiaiads lunanaarainmsdsuanin
Y
[ [ [ o @ 1 1] I
uazdeslagldoasidi lanimninveswuuilinuaoigaendendulzsaily 1:6 uay

szaznarlumslsuaniniazgos 8 i

naveslSunavunilwaunlden uazszeznanasiunuaeiguesyuniliae
a g} Aa I [ ~ ' a a g} Aa da A dgl 4
UTuanihmasadd uaasnannlsznoun 4-4 wunsmarnananinasaIsua NI UL
9 1 1
Hsunavunilaiwauldonoglugie 120-153 nsu ae 11 1 8as FuilelduSunavnuilimey
A dl 1 [ 1 3’ a m 9y 1 a‘ dgl a gl S Aa J
aeniininndt 153 nsu Ao 1h 18as i lddwwasemsiiniuvestSuaniniasand sz

a

Y a @ a @ 1 g’ a 3 A ' A a 0 ' <
15unaiagaunay 153 n5u ao 11 1 das Niesneasnisnyaunidansoi lldeaiu

Q

J aa v ¥ y o y
u’l@naiﬂjcﬁﬂlﬂ lla$ﬂ35‘1“]ﬁ$ﬂg!']a’llaf]')uﬁuﬂ@’qul@\ﬁluuﬂq 3-6 91U



45

4) wavesszezna lumslsuanmuazdosuazoaiiaiuvuuiliaenlasnniinasne

4

a g‘ S A
suranimasass

1.7-2.0

3

M 1.3-17

7]

W lo-12

o

=1

o710

W 0.3-0.7

MAIAIY (NINABAAT)

6.8 _ ' 5.7
9.7 42
o e 1 s 1 p
e 1y anadmvmilirenlasn (1:2)
szazna s ls van wiwazdaa ()

Wo0002

{ 4 a [y 1Y 4 U [ L]
alszneun 4-5 namliuruaaInNuFuRuTsErINszezna lunsdSuannuazdeos
[ 1 1 = 1] [ A [ a 3, aa 4 a [
wazoasauvuvileelaenduizsa (1: n5y) Mnasedsuanimiaials lunananvias
mslSuanmuazdeslagldvunilenuaeigliud 4 Ju uazilsinaiagAunean 130 n5u do

Y
111 a9

Havedszeznalunsliuaniniazdosaz sz eza s TUHNAD1g YD

[ a g} aAa 4 [ d' 1 a g} aAa L=l dl

vunilanolsuaiimiasans uaasaan nilsznoun 4-5 wu UsvianiimiasalsuaIn
d' 9 1% L] [ [ [ A

winzawile 1¥szeznarlumsdsuanwuazdes 1-2 U uazdasiarvvuuilanaunlasn

o { o 1 % I { @ 1

Fuilzsansldndasidiu 13 Fuiduanszinmuzanlunsdsuanminuazdoslasld
a =4 d' [ qgj [ a A [ d' (%

gaunsduuvuuilinmeiunuaory mizidluiagaulaendulesauazvunilinae iy

A [ 9 A A a ~ o [l o Id o
vuaogeswnuudzliUsinagaunidlumsdesms lulansa uaziwag Taa ifuduau

& A 1 o sldi Aa I 3’ Aa o
110 Faneanenon il lsienaailuiiias Ao



46

a [} a [ 1 1 A -d'-d 1 a gl aa 4
(5) waveulsuariagaunautazeaaIuvuNilaeaonninanedTuaiviaIal

— 1.1-13
E
‘@ 13
-% 1.1 _'I. . Oq‘ll
s 09 A= T |+ |+ _ —]
= 7 1 L1 = o ! T | = E | I | -
‘o; 0 LT - = T _-__ T = :' - _ | | . 0 09
o
S W o04-07
%
e | 0.2-0.4
126.7 o 57
140.0 42 o002
153.2

= & i ai g" ey " 3.0 L | Y A
Usmadagaunan (Xniawaii 1 ans) ansd@mvdadaulaan (1:2)

H 4 a [} [ 4 1 a [} a 1 gl a
aMmlsznoud 4-6 nsliuA s NudURUT sz INYTInaiagAunauaniil 1 aas uaz
[ [l 1 = [y -d'-d 1 a g/ aa 4 a [ [
oasrauvunilaanlaondulesa Ninaselsuaniwmiaialry lumananrainsusuann

uazdes Tagldvunilinuaeigliuds 4 Ju nazszezna lumsdsuaninazdos 8 Ju

HaveslSinaingaunauuazdasdruvunilaenldondulzsaaosum

S A

4 [ ~ 1 a 3’ aAa L= A dgl &' Y 1a
1915A2% LAAIAININYTZNOUN 4-6 WU Usuanheasaguaunuvuie lslsuw

ﬁOe

[ a

9
FagAuway 114-153.3 n3u ae 111 1 ans wazdasiaruvunilimenldenduilzsanisoglumgia

1:3-1:5



47

(6) HavelsmaingaukauLazszaznaluMIlTvan muazdesnnadolsum

9

) Aa J
HUINATAIY

=

@ w o

:.A
oo

s eae

MM aaIy (Nalaaaas)

¥
o

100.0 —~
1133 '
126.7

, 1400
Usmnadagaunay (X n3udadi L ans)

W 0.0-03
1522 azaznarlunEilivan meazdes ()

{ g a v o d v a @ a
amilszneud 4-7 nswliurudasnnuduiussznalsunaiagaundy nagszeznallu
[ [l PR 1 a 3, aa 4 a [ [ 1 9
mMslSuanmuazdesninaaolsuanimaials lunananrainsUsvanmuazgos Tagly
9
wunilanuaeigliuda 4 u negdanaiulasihminveswunilinuaeigaeuldonduilzsa

106

wavedasauaunilaenlaondulzsauazszeznarlumsdsuaninas
1 1 a 3’ aAa J [ d' 1 a 3‘ A Aa =l QI dgl
#9991 UIUNINATAIS LAAIAININUTEROUN 4-7 WU UTuaiieasaIFNA NLUY
1 9
wioldSunaiagaumen 120-160 N5 Ao 11 1 Aas nazszeznarlumsdsuaniniazdos
= [ d! 9 1Y d‘
Wea 13U FeaoanaeanunInlszneun 4-5
msmannzimuzanlumsdSuanmnuazdesldonduizsalasld
A A a Y] o ~ A ] ~
yaunssuuvuuilinrnuaeigual kanmsiueaa e inzauuy CCD av Tdyuniliiny
Tunuaegudl 5 u dandmvunilienldonduiesa 1:3 UsuaingAunan 153 nsu ao

Y 9
o a Il [ a v o
11 1 aas wagldszeznarlumsdes 1 Tu neldguugiives Anwduduinssovay 84-92 14

U

o o [ 1A

9
Ysmanimasagnmsiiuneasduns 42 as 2.14 n5uaeans 1asa1NN1TNAAB95992
9 (a g} Aaa 4 [ 1T A Y a 3’ 3 [ 1T A £
ladFunanimasang 2.07 nfuaeans waz ladsuanihmaninua 389.33 nfuAoans ¥
9 ! o nm Y a :/ Aa  IA ' o ~ =
tosniwavreansiiue ua Idlsunanimaiaisiuinnal 27 Msnaaes AI15199 4-4 79
A @ ' < ~
feNaaMzAInaIuan TN AY
9 3 a A v o J J U v 1
U TNV In I I AUAINUTAIN NV TR UTIEnI1TaTen 199 Wy
Padeniinamniga Ao szoznatasiuruaiguosuunily 5090911 Av szezarlumslsy

amuazges Usinaingaunay uazoadiwvunilaenldendulssa msrizuuvuniled



48

=

@ a A d A 3 U 1 o I Y a :I Aa oA
RYIUNUADIY i]%lli]au‘ﬂiﬂllﬁ%i'l‘i/]“]ﬂﬂcluﬂlu@]?)uﬂ'liﬁlﬂﬂ ’(?NNaﬂ11ﬂ]‘1ﬂﬂih1mu1@1ﬁﬁﬂ3“]§ﬂ

Q

2
U
4.5 mstSuamnazgeaasnduizsalaelFoulaal

4.5.1 malSuammmazdesiiesdunlaendulzsaladlfiorlaninoarh-oz
Naoa

msoonuuuTasld Tsunsy RSM filldunlssase s dunls Ae Usum
nldenduilzsa (A, nfuseans) gungill (B, ssruwaisod) Usuianeu ledueavh-og luae
(C, U eonsu) szeznanlumsdSuanmuazdes (D, Tu) uaziites (B) daulsany s U

g} aAa 4 [ T A [ d'
HINATAY (X, NTUADANT) aauaaalumsan 4-5



A o ' A o D] ¢
AT NN 4-5 ﬁﬂ'l']gﬂ'li‘ﬂﬂﬁ@\ulagWaﬂ’liﬂi'ﬂ’ﬁﬂ’l‘wllagﬂ@ﬂlﬂa@ﬂﬁﬂﬂgﬁﬂiﬂEli“lﬂ@u]l“]fll

woavh-oz luae

49

&y | WSwamlden | gamgll | YSwaseuley | szeznanlums | @ Ysmanioa

i duilysa (9971 woavh-og Usvamnuay | 0% (nSUADANT)
(NSuRedns) | wasTod) laaa 900 yhaa yhaa
(U @onsu) (W) A Faviua
1 115 93 205 105 6.6 9.60 493.05
2 130 85 100 150 6.3 9.61 608.93
3 130 85 170 150 6.3 12.42 653.75
4 115 93 135 195 6.6 8.41 413.76
5 115 78 205 195 6.6 10.63 586.17
6 130 85 170 150 7.0 12.82 559.86
7 145 93 135 195 5.9 20.01 332.48
8 100 85 170 150 6.3 13.22 490.01
9 145 93 135 105 6.6 11.44 308.88
10 130 85 170 60 6.3 17.51 446.82
11 145 78 205 105 6.6 21.02 326.82
12 145 93 205 195 6.6 12.74 449.91
13 115 93 205 195 5.9 13.22 293.45
14 160 85 170 150 6.3 22.03 499.26
15 130 85 170 240 6.3 16.81 416.97
16 130 70 170 150 6.3 19.04 385.00
17 130 100 170 150 6.3 12.13 419.50
18 130 85 240 150 6.3 12.11 418.44
19 145 93 205 105 5.9 15.61 384.99
20 115 78 205 105 5.9 13.44 433.20
21 130 85 170 150 6.3 12.32 388.06
22 115 78 135 195 5.9 14.83 420.41
23 145 78 205 195 5.9 21.91 365.37
24 130 85 170 150 6.3 17.42 289.36
25 145 78 135 105 5.9 19.21 323.52
26 115 78 135 105 6.6 14.13 335.65
27 145 78 135 195 6.6 12.74 395.95
28 130 85 170 150 5.5 15.11 395.59
29 115 93 135 105 5.9 10.52 445.89




50

0o ¥ Sy v a ¢ o v
iideyain lavinnisnaassliTasiziaiundn ANOVA  awisald

o o a v o d @ 1 @ {
mmmamﬁmmaﬁmﬂmmauwuﬁmam’Juﬂimqqmaumiﬁ (4.3)

X, =-160.21 + 35.41A + 0.211B + 0.04391C + 0.213D + 48.94E + 3047.1 A’+
0.00308B” -0.000818C" + 0.000283D" -1.614E” -2.167AB + 1.060AC + 0.06481AD -107.78 AE -
0.00126BC + 0.00276 BD -0.140BE -7.53968E-05CD + 0.03667CE -0.0848 1DE (4.3)

Y o & A 2 2 Y A
ANNTDAAADIVDINANITNMUIYUALNITNAADIHINAT R = 0.929 3 lnaifes
(Y Y < v Ay Y o A A Y A @ a 2 .
A 1 uaaslifiunanlannmsineiinnlndifesnun1snaaednse (R” adjusted = 0.753)

U o v 3 b J [
4.5.1.1 wavesilodadagniimanelSinanhmainian laanmsdSvammazdeanlaen

duilzsalaalFoulaineavh-o2 luaa

~ a A [ d‘d 1 a :I A 4
(1) wavesnewiazlsualasndulssanimanolsuiaiiiviasaiss

- 22.2-26.7
E
e 267
-2 59n W 178222
= 178 i
= 133 W 133178
= 8.9
s 44 s W 89133
2 00 i
= .
“:‘-ou-|_’: E_:: - —I-.—I-'S.g

Wimanlaen
& 6.8 dulzia cniy M 0.0-44

fel 1 aas)

-d' g a [ @ 4 1 =1 a A [ 1
Mnszneun 4-8 ns 1 NUAILAAIRNUFUNUTIZHINNLYLazUSaaenduilysa ae
g‘ a { 1 3’ a 4 a 4 1 [
111 1 203 Nuraaeasals laelduSuameu lmivearh-oz luag 170 U densulaon

o a o T I
duilzsn gungil 85 oaruwalie wazszezarlumsiSuaamuazdeailumal 150 wn

9

a [ 1 a o a 4 a

wavodfiewiazlsnalasndulzsasnelSuaniviaiadg Tasldsua
J 1 [ A U a =

oulyduoavh-ozluad 170 U densuldenduilesa gungil 85 osruvaiod uaz

] [l I =1 [ ~ T a
szaznal lumsdsuanmnuazgsailumnal 150 U0 uaaaaan nlsenaun 4-8 wu Usua

g‘ a J 1 { 1 1 a [ H 1 1
haasagianmngaueglugieiites 5.5-6.2 Taldsianldenduizsanoglugis
] 1 3’ a YA ~ 9 1 — I a

153.3-160 5L @19 111 1 ang sz lsfesnitiosnii 5.5 Faianudunsauinnu'lil 819

Y
W ldeu lsmiteavh-o luaa iu'ld 1ua Sedewaldwaaiieasang g lullsunmilos



51

~ a J A 1 a 3, Aa o
2 wammwmmazﬂammmu%nLmav\h-@z"lmaamwaﬁaﬂimmmmaimw

' 15.0-18.0
= W 12.0-15.0
i
2180 W 9.0-120
= 150
S W 6.0-9.0
v 9.0 s
= 60 240.0 M 2.0-6.0
=
s 30 73

0.0 W 0.0-2.0

2
MiA e

W3 nanaa la

yaail-az hiaa

(U @a A3

A dy a v o d v = a 4
nilsznaun 4-9 ﬂiTNWLlW’JLLﬁﬂQﬂ’ﬂNﬁN‘WHﬁi%ﬁ’JNWL’El‘]flLﬁzﬂilﬂmmullf’]ﬁluﬂa%l%@z
A 1 3 Aa J 9y a A @ @ 1 3’ a a
"lmaamwammmaﬁm% Tagl¥dSuraudaendudesa 130 n5u ae i1 1 aas QUUIU 85
=~ @ 1 o ~
persalsed uazszeznal lumsdsvanmuazgealunal 150 WIN

! = o

~ a 4 == [ a g, a
wavostiruazlsuaneu laiueavh-oz luaa Ninadelsunanivias aad
v Y v Y ¥
uaaedInInlsgnoud 4-9 Wi USinamanamiiaiasaasiauiuduiieliieseglusag
5.5-6.0 taz1lsuaneu Imiuoavh-oz luaa 125- 193.3 U denfulasnduilyse Fadoandod

AuMnlsEneun 4-8

(3) wavesszezna lumslsuannuazdosuazilSunanlaondullssantnaasisun

3’ Aa I
UINATAIY
22.2-26.7
=
kS W 178222
"0
z 35 W 133178
= 4.4 P ladl B
e 178 ]
= 132 il
= 39 =< 1533 W 89-13.3
g o0 K 140.0
= : 1267 g W 4480
e <1133 Wnaulaan -
60.0 1000
100.0, 160 dvilzan cenin [ 0.0-44
= R N .
1381(1411) 220.0 A8 101 Lans)

' 9
MNs2noUN 4-10 I AURILAAIANNFUN LTI eHINTzozna lumsUSuamnuazdos
v Y
wazilSuanlaenduilzsantinadetSuaniviaials Tasldlsuameulad 170 U densu

nldenduilzsa guiigil 85 esruvaIToa uaz o 6.3



52

[ 1 a A [ d‘d 1
wavedszezna lumslsuanmnuazessuazlsuanlasndulysaiiinane
a g} aAa 4 [ d‘ 1 a a g} aaAa =Wl A
53121919185 07% LaaIndNINsEnoun 4-10 WU USHUNANAATIIN1ATAITUA NN
A A

£4
Yuaglu 2 $39 fio Woszeznarlumsisuaninuazdes 60-100 W17 tag 180-240 Wi Tag

1d15anldenduilesn 153.3-160 n5u @0 11 1 aas

[ 1 a 4 {
4) wavesszezna lumslsuanmuazdosuazilsunaneu laineavh-oz luaanina

[ a g‘ aQAa 4
aolsuraiimiasass

16.7-20.0

= ; 13.3-16.7
© 200 +

= 167 | 10.0-13.3
= 133 i

= Too : -

z ? T i L § 6.7-10.0
m 67 ) Z A7 99

g 33 LS T B

w2 0.0 T A TS i AT 1622 ‘ W 3.2-6.7
= T Ly el i
2 & L7552 31 . W 0.0-2.3

100.0 o 1000 waavh-azliaa
180.0 220.0 (Usia 'ﬂéﬁl}

{ 4 a [} [ 4 1 [} 1
AMnsznouN 4-11 nalwuA A NUdUUTsErINIzezna lunsdSuannuazdoe
a 4 H 1 : a 4 a [
wazSunaneu lsiuearh-oz luaninageiianasald lasldSuanlaenduizia 130

9
NSU eio 11 1 ans guinQil 85 perIaITEd LAz 6.3

[} 1 a 4

waveaszezna lumslsuanntazdesuazlTunaeu laiteavh-oz luae
[ a 3’ AAa 4 [} cs' 1 a a g} aaAa =W
aolTu1ai1n1a3a% uaaIndn nlsznoun 4-11 wu Usvrawananlintgiasalrsian
a2 o . a @
e ldizeznarlunmsUsuaninuazdos 60-70 w1 wazdsuaeu lsieav-oz

1 [ [} a 4 {

Tuad 162.2-193.3 U aensulasnduizaa msrzvnlssunaou leduoavh-o2 luaan
Y a

Y
tosvunull vzt hifioanedensdosns lu'lamsa uazivag lad Sedawalit diaia

S lulSinaion



53

a a A [ -d'-d 1 a gl aSa 4
(5) wavesguugluazlsnalaenduilzsaninanelsnanimasads

25.0-20.0
B M 20.0-25.0
[
=200
w250 B 150-20.0
S 200
w150
i 12_0 1532 B 10.0-15.0
= 3 140.0
= : 1267 B 5.0-10.0
5 g = 1133 U5manmlaan
700 1000 B B
76.7 33 - dinlzse cnsy 0050
v 96.7

qﬂmgfi (@IF WHALL ) fo 1 L ans)
~ dy a [ @ 4 1 a a A [
ﬂWWﬂizﬂﬁ)UVI 4-12 ﬂiTN‘W‘LAW’Jllﬁﬂiﬂ’nut’fllWu‘ﬁizﬁ’ﬂiqmﬁﬂvmmzﬂiﬂWﬂ!Lﬂaﬂﬂa’Uﬂﬁﬂ
[ v
mwamﬁwmaimcﬁ Tﬂai%’ﬂimmmu"lcvﬁuaav\h-@z"lmaa 170 U ﬁ@ﬂimﬂﬁﬂﬂa’ﬂﬂziﬂ

oY 6.3 uazszezna lunslsuanwuazess 150 YN

9
navesguuginazlTinauldenduilzsadelTutaniiniaiaag uansds
v Y v ¥
awilsznoui 4-12 wua1 Usuanhmiasarduaiuizauiieldguugl 70-75 o
Y 1
walFee tazlsuamlaenduilysa 153.3-160 NS ¢v 111 1 203 Faaeandodnunniliznoy

71 4-10

6) wavoslsuanou Imineavh-oz luauazlsinaldonduizsaniinasneSuna

A L4
HIANATAIY
= 20.0-25.0
2
‘T 250
= 200 W 15.0-20.0
2 150
=100 Ll W 10.0-15.0
= 50 1. 7~ 1533
E 00 = _ 140.0
= : / L 5000
- Ysmmalasn
1311 5 B
16221024 duilzsa sy M 0.0-5.0

2244
Wimaenlasivaarh-a: hiaa U da a3

¥
fo 911 1 aa3)

A dy a v o ' a 4
nmilsznoun 4-13 ﬂiwlwumuﬁﬂqmmfmwuﬁiw’mﬂimmmu"lcmuaav\h-@z"lmaa
v Y
uazilSunanldenduilzsaniinadetimiaiand Tasldgumail 85 osruvaFod N0 6.3

Hazszezna uNMsUSUaMnUazeos 150 U1N



54

wavosllsuaneu lsmiteavh-o: luaauaz S nanldenduilesanolls
g} Aa J @ ~ J a 3’ Aa Jda A dgj A Y 1a
1187 LARIRIN N TEAaUN 4-13 WU UTaniaasadgiaunuvwdie 1Sy
rou'lyiuean-oz luaa 146.7-240 U aensuldenduiesa uaziSuanddendulesa

153.3-160 N33 919 11 1 AR5

a a 4 Aa v a : Aa o
(7) wavesguuigiuazisinaseu lainearh-oz luaaniinanelsunanimiasarsy

~Z 1622
T 7 BLL gSnaenlen g 0022

833 oo waaih-oz hinaa
067

AN (B I WvaLY )

16.7-20.0
.E | [ 'I -I- .:l | P -
'Ig 20.0 _: - 1 | | | ! = 1‘.“.‘16.
=167 T '
B o133 - 10.0-1
e 00 -~
a7 6.7-10.0
iz : W=~ 2244
= 7> 1933 22 6=
= = B 2.3-6.7

o

(Ui R

d' dy a [} [ 4 1 a a 4
ailszneud 4-14 nsliurmnaasn AU STz I NguuginazUsuasou Taduearh-
d‘d 1 gl aSAa 4 9 a =\ [ [} 1 : a =\
oz luaaninaasiieiasald lasldTuanlasndullzsa 130 nSu @o 111 1 a3 0% 6.3

Hazszezna uNMsUSuamnUazeos 150 11N

4

a a 4 1 a g} aa
navosguunluazlsuaen laduearr-oz luaaaedsanihaiainag

[ A v a g} aa a1 A A o ~
lL’ﬁﬂ\?ﬂ\iﬂ'l‘WiJiZﬂ’E]‘U‘Vl 4-14 WUN ﬂiiﬂmlﬂ@Tﬁiﬂ’J"]Sllﬂ11/l!ﬂ3J'l$ﬁ3Jl3J’E]Vl1ﬂ1ﬁ1/]ﬂa@\1‘]/]

a = £ A a dgj < [ 1 A 42/ a g}
gl 70-75 ovAaITea Fuilogurglgayun ldwadomsuiuvessuaninig

v

9
Fa29 s izmnldguugingunnlyl eni ldlddudinsirauvesen laduearh-ox

Nuaer vazar3 19USuaneu laduear-oz luae 130-240 U sonsuldonduiesa



55

= o T Aa 1 a gl Aa o
(®) navosiitosuazszeza lumsUsuanmnuazgesilnanedSunaimiasadsy

B 20.0-25.0
=
i
S B 15.0-20.0
&
= B 10.0-15.0
=
£ B 5.0-100
Tim
v
= W 0050
s
2. 60.0  3@1 (M)
5.1 e 5
e 0.5
B 6.8
oY

v Y
Mwlsznoun 4-15 nsiuAnEasUduRUT sz nINTe LAz zeznm lumsUSuanm
Il A ' g’ Aa I 9 a A [ [ 1 3’ a a
wazdesniwanetivasaly laslsTunanlaenduilzsa 130 n5u Ao 111 1 8as guingl 85

asraFed tazlsuaeu lmitoan-oz luad 170 U aensuldonduiesa

9
navedntosiazszozna lunsdiuaninuazdosaslSuanitanasang
' Y ' ¥ '
HAAIAIN NI ENoUN 4-15 wu USanivnas s mmNe auilo A T U NNY 5.5-

5.8 uazszezna lumsdSuanmnuazgos 200-240 11N

a

= Aa 1 a gl Aa J
©)] wammwmmazqmwgnmwaﬁaﬂimmmmaim%

16.7-20.0

i W 133-16.7
Lo

E.

8 W 100-133
< 1 W 6.7-10.0
N = o o 5
E ~ 96.7

1 90.0 31-6.7
= 832 W 33-6.

= -
%3 GLUTE(T W 0.0-2.3

(@ aF Wy )

6.8

IS}
-d' dy a [ [ 4 1 ~ Q-d'd 1 gl
awilsgneud 4-16 n A MUFuTU TSI suazgu i iinadeiaa
Y
3829 TagldSunantdonduiesa 130 n3u do 111 1 aas Usuaneu lsieavh-os luaa

170 U sonsunlasnduilesa uazszeznalumsdsuaninuazdos 150 w1



56

-4 [

Y 1
HaVDITIRHIATgUNYNADYTIAIINIATAIE HaaIaInInilsznoun 4-16

a =

' a 3’ Aa A A A A Y
WU YSuaimas Az aunne s 5.5-7.0 uaﬂ%qmmu 70-80 DALY

U

[ 1 Ada ' a gl Aa o
(10) waﬂlmszﬂznaﬂumsﬂmamwuazﬂ@ﬂuazqmﬁgwuwamﬂimmmmaimm

20.0-25.0
z 1 |
(¥ S
g B0 W 15.0-20.0
= 200
= 150 |
L= —1 - 5 -
= 10.0 96.7 W 10.0-150
= s 90.0
=5

83.3

anifi M 5.0-10.0

W6
=
=

76.7

w
o

L s00  @wnvaien)
1000 1490 M 0.0-5.0

) 180.0
L3a1 (11i) T

{ g a v o d J [ 1
amilseneun 4-17 ﬂﬂWﬁumuammmauwumzmnnﬂznaﬂ,umiﬂsuamwuazﬂaﬂ

AdA 1 3’ aa 4 Y (a A [ @ [ 3’ a a
tazgurginiwaaetinasady laslslSuamlaenduilzsa 130 05 de 11 1 ans U

U

ou lyiuearh-o luae 170 U donsuldonduilesa uaziites 6.3

v 9
Haveeszazal lumslSuanmuazdosuazguvgininaneilsmanina
9
=

A

aAa L4 [ ~ 1 a g‘ aa L= a 9
3R LEAAIAININYTTNOUN 4-17 WU USuanimaiaguaunuvwle 1¥szeznarlums

a =

Usuanmuazdos 60-120 u1ii waz lguvgil 70-76.7 osiaaiBoa
nnramsanyadeaegnuinanzinmnzanlumsdsuaainazdos
Y
[ 4 a [ [ 1 o
nlaonduilzsalasldeulmivearh-o: luad As 19USuauldenduizia 160 Sy ao 11 1
a a 4 1 [ A [ S a
ans Ysmanon laduearh-oz luad 188 U aensuildenduilzsa fior 5.5 gaivigil 70 o9
=\ 9 [ L] q'/ Y 1a 3’ A Aa 4
e vazldszeznarlumsdsuanimuazdes 4 $21ue 92 1a1dSuanitaasargaiy
A A [ 1T A 1 A o a Y a 3’ aAa 4 [ 1
nuY Ao 34.17 nfuAeans ualonnInaaeeseez lalsuaninaiaag 27.37 niuse
a Y (a g} qul [ T A d! S 9 U U a g‘ aQAa J
a5 uaz ladSunanimanarua 630.56 nsuReans FeAToen AT AEN
=1 (IS 1 o ~ =K A Y [ 1 I ~
NOBR LANAININNTT 29 NMINAADI AIA15190 4-5 Fede ldNaanzasnariuanizi

MuIEay

A [

o Aa A 9 L o A
JedeNinaninfiga tlodunavinuurlduvesnsidiuraNuaas
[ @ 4 [ 1 A =1 A a a 4
ANudNRusveeilatenee Ae oy 09a9u1 Ao gungll Uswanen luiuearh-oz luaa
a [} [} 1 4 J
Usmnanlaenduilzsa uazszeznarlumsisuaninuazdos 1iosanou laiuoan-oy

0 Y g £~ = ' o
"lmaa ’d13J1§ﬂ1/’IN1unlﬂﬂcl,uﬁ'ﬂTJ$ﬂﬁ‘ﬂﬂﬂ’ﬂ\?‘I/'IL‘lJuﬂi@’l BIWDYNINUIETY ag‘wﬂﬁzmm 5.5



57

a1 A ' =) 9 1 o 9 a A o 4
HTINUATWBENUINNIHUIDUDYNIT 5.5 ﬂ$%11ﬁﬂi$ﬁﬂ‘ﬁﬂTWGLHﬂ1§1/]1\‘1'lu6116\1!®11lul°]51|ﬁﬂﬁ\1

1 1 a 3’ Aa A a dgl
danagelsnanhmasaigimna iy
4.5.2 msdeanldenduilzsalagldionlminglnesluaa

] v A o a o
NNMINaaeInlensosnuul Iagly Tasunsy RSM Niassase 4 o

a a 4 1 [
uils Ao gaungi (A, osswaidod) Ysuaeu laingInoz luaa (B, U aonsu) szazianlu

U

[ v @ =\ [ A a g} aa 4 [ 1
Midsuammuazgos (C, 1) uazitoy (D) aAudlsay As Ysuaimaias (X, nTuao

an3) aauaadlunisen 4-6



M13197 4-6 AnMzmsnaasaznansdosldendulzsalasldionlaing Ines luas

58

a1 QN Yswnanouland | szeznanlums | ey Ysinahana

i (DIANF AT E) ngla 5uamnuaz o (NSUADANT)

oz luad (1 Tua) ¥hana ¥haa

(U sion31) ECRE] Havua
1 48 100 7 4.0 21.43 553.07
2 48 100 5 5.0 16.75 436.76
3 55 80 6 5.5 16.33 418.47
4 48 60 5 4.0 19.08 420.31
5 48 100 7 5.0 19.67 513.74
6 63 100 7 4.0 17.98 453.03
7 55 80 4 4.5 27.59 490.83
8 63 60 5 4.0 17.81 411.38
9 63 60 7 4.0 14.34 364.27
10 55 80 6 4.5 18.11 487.30
11 40 80 6 4.5 15.51 356.37
12 48 60 7 4.0 21.63 580.97
13 48 100 5 4.0 21.59 429.87
14 48 60 7 5.0 25.73 559.38
15 55 120 6 4.5 20.68 466.16
16 63 100 5 5.0 17.93 454.27
17 70 80 6 4.5 16.92 546.94
18 63 100 5 4.0 23.56 471.44
19 55 40 6 4.5 15.72 411.26
20 48 60 5 5.0 19.36 626.87
21 55 80 6 4.5 16.08 413.94
22 63 60 5 5.0 18.52 532.32
23 63 60 7 5.0 18.23 413.96
24 55 80 8 4.5 26.61 457.18
25 55 80 6 4.5 17.60 352.73
26 63 100 7 5.0 17.91 460.75
27 55 80 6 3.5 19.07 526.16




59

) { a 4 v ) a
ihdeyan ldanmsnaasslimsiziaunan ANOVA sunsoiineduie

ANNFURUTUR IR T FaauMIN (4.4)
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2.404C° +0.215D" + 0.00619AB - 0.18AC + 0.01853AD - 0.0249BC - 0.133BE + 1.956CE (4.4)
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{ Y a [ [} 1 a J
AINN 4-7 anNzMInaasdtazNamIvinrananaimMslsuaninuazdes Ilasldaaunss

Q

d' a dg‘ A Y
nnavuesvulasndullysa

§wui | ne | Yhinadadvunile | fiey QN UFnaemuea
(M) (%Iﬂﬂﬁyﬁ/iﬁﬂ) (ernalFee) (% lagl5uag)
1 7 4 5.0 33 2.86
2 8 5 5.5 35 2.86
3 7 7 6.0 38 3.10
4 7 4 6.0 33 2.03
5 4 4 6.0 33 2.81
6 5 5 5.5 35 2.60
7 4 7 5.0 33 2.89
8 5 2 5.5 35 2.44
9 5 8 5.5 35 2.57
10 4 4 5.0 38 2.90
11 7 7 5.0 33 2.30
12 4 7 5.0 38 2.45
13 4 4 5.0 33 2.85
14 5 5 5.5 40 3.29
15 5 5 5.5 35 2.66
16 7 4 5.0 38 3.57
17 4 4 6.0 38 2.66
18 5 5 6.5 35 2.50
19 7 7 6.0 33 1.98
20 5 5 5.5 35 2.61
21 5 5 4.5 35 2.96
22 7 4 6.0 38 3.13
23 2 5 5.5 35 2.75
24 7 7 5.0 38 3.15
25 4 7 6.0 38 3.01
26 5 5 5.5 30 2.58
27 4 7 6.0 33 2.61
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1. m3nnzrivfSinanihmasaa (Reducing sugar) 1ag3B Modified Dinitosalicylic Acid

(Miller, 1959)

1.1 MSAI8NETI5azal8 Dinitrosalicylic Acid

E2
Usznoudreansiniiananaaae 114

3,5-Dinitrosalicylic Acid 1% w/v
Phenol 0.2% w/v
Sodium potassium tartrate 20% w/v
Sodium hydroxyl 1% w/v
Sodium sulfite 0.05% w/v
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1.2.1 MIM3gNasazansgIUnglaa
(1) 583 Stock A13azaeng Iaaaududu 1,000 Jaaniuaeans Usuias
Aa aa o a [ qgj [ a 9 2‘ & I Aa aa
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2. mANvSnaniimanaviug (Total Sugars) 1ag3% Modified Phenol Sulfuric Method

(Dubois et al., 1956)
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Condition
Inlet temperature 120°C
Carrier gas He, flow 44.6 ml/min, Split mode 2.0 min
Oven temperature Initial temperature 120 °C held for 1 min

150 °C held for 3 min
200 °C held for 6.3 min

Column HP-Innowax, length 30 m, internal diameter 0.32

mm and film thickness 0.25 [m
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A3 19N -1 aaslsunanivasalrdsn ldnnmsdSuanmtazdosnlasnduilysa Taels

oA

yaunIdnegudruunldenduilzsa
it USuanlaenduilysa nal ﬂ?mmﬁymm%ﬁ (NSUADANST)
(nSuvans) (W) HANINANDY HAMINIUY
1 109 3 0.48 0.46
2 130 8 0.59 0.58
3 130 8 0.59 0.58
4 109 12 0.53 0.53
5 130 8 0.58 0.58
6 160 8 0.54 0.52
7 151 3 0.59 0.59
8 130 14 0.51 0.50
9 151 12 0.44 0.46
10 130 1 0.52 0.54
11 100 8 0.46 0.48
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{ a g‘ a Ay y o I Y 9
M135197 -2 uaaslSunanhvasaagi ldnnmsdsvanimuazdes Tagldvuuilivuaeigudd

1-7 U
MeY | sTeznaay ons1aIu lag STEFTRLY seoza lums USinaniaiang
i TUnuALIY dmrnvesvuuil JgAunay | suaninuag (NSUADANST)

vowunils | aelaendulzsa (NTUAD 808 Wans Wang

() (NSuABNIY) an9) () AR MUY
1 1 1:6.00 130 8 0.79 0.83
2 6 1:4.50 145 4 1.51 1.54
3 4 1:6.00 160 8 1.10 1.06
4 4 1:6.00 130 8 1.23 1.25
5 4 1:6.00 130 8 1.23 1.25
6 6 1:7.50 115 11 1.10 1.14
7 3 1:7.50 145 11 1.04 1.01
8 4 1:6.00 100 8 0.87 0.84
9 6 1:4.50 145 11 1.11 1.15
10 4 1:9.00 130 8 1.18 1.16
11 3 1:4.50 145 4 1.39 1.39
12 3 1:7.50 145 4 1.16 1.18
13 3 1:4.50 115 11 1.09 1.10
14 6 1:4.50 115 4 1.16 1.23
15 3 1:7.50 115 4 1.05 1.05
16 6 1:7.50 145 4 1.37 1.40
17 4 1:3.00 130 8 1.34 1.29
18 3 1:4.50 115 4 1.18 1.16
19 4 1:6.00 130 8 1.28 1.25
20 6 1:4.50 115 11 1.07 1.08
21 7 1:6.00 130 8 1.12 1.02
22 3 1:4.50 145 11 1.07 1.09
23 3 1:7.50 115 11 1.10 1.11
24 4 1:6.00 130 14 1.51 1.47
25 6 1:7.50 115 4 1.16 1.18
26 6 1:7.50 145 11 1.08 1.13
27 4 1:6.00 130 1 1.83 1.80
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11 7 7 5.0 33 2.30 2.40
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Optimizing Clarification of Pineapple peel
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Abstract. Alpha-amylase is a potentially useful enzyme for the pretreatment and pre-hydrolysis
(clarification) of pincapple pecl. The clarified products contamn sufficient glucose content for
ethanol fermentation. The influences of quantity of the pesl to water (10-16 %w: we:ght of peel to
weight of water). alpha-amylase amount (100-240 T/z: 17 of amylase to g of peel). pH value (5.5-
7.0). temperature (70-100°C) and time (60-240 min) were investigated by RSM (Response surface
methodology). To obtain 31.8 @/L of the highest glucose concentration. the clarification is to be
perfonued by 16 %ow pezl (0 water. 183 U amylase/s, 5.5 pH at 70 C for 240 1win.

Introducrion

An Interesting alternative energy source from biomass is ethanol [1.2]. because its properties are
siumnilar to those of benrene fuels. The production cost of ethanol can be reduced with low-cost
feedstocks that are agricultural products or residues (e.z. corncob. banana peel and pineapple peel)
[3.4]

Alpha-amylase enzyme 1s widely emplayed in many industries which aim to hydralyze a starchy
biomass. The agricultural residues. as raw materials for the ethanol production. are mainly
composed of cellulose and starch that can be effectivelv hydrolyzed into reducing sugars for
fermentation by enzymes namely alpha-amylase and gluco-amylase [5]

Clarification process is the pretreatment and pre-hydrolysis before fermentation for the ethanol
production that is studied in thic research. W2 ars intendsd to consider the optimal condition
(quentity of peel to water. enzyme amount. pH value, temperature and time) for clarification
process of the pineapple peel (an agrienltal residue) by nsing RSM

Materials and Chemicals

Pineapple peels from Phu Lea pinzapple. Phuket species. that is cultivated 1 Nang Lea district.
Chiang Rai province. The nutritive values per 100 g of the peel are §4.5 g total carbohydrate. 9.4 g
protein. 5.6 g ash and 0.5 g crude fat on a dry basis. This peel was obtained from a fresh fruit shop
in [Tat Yai district, Songkhla province. Thailand.

Alpha-amylase from Aspergilius orvzae (30 U/mg) was purchased from S.M. CHEMICAL
SUPPLIES CO.LTD. (Catzlog# 10065-10G).

Ammonia solution (25%v) used for adjusting the pH ot the studied muxture and DNS (3.5-
dinitrosaliceylic acid) used for analyzing the reducing sugar of the clarification products were
purchased from C.E.G. Science & Service Limited Partnership.

Pretreatment and Clarification

The pineapple peel was firstly cur to small pieces and then crushead to a size of 2-3 mm. The crmshed
peel in clean water was clarified using the alpha-amylase enzyme vnder various conditions in 250
mL serew-capped borttles, which were immersed into an oil bath for controlling a temperature. The
investigating variables for the clarification were 10-16 %w of peel to water. 100-210 Ulg of alpha-
amylase amount (U of amylase to g of peel), and 5.5-7 0 of initial pH by ammonia solution butfer,
70-100°C of temperature and 50-240 min of time. After the investigation in each condition. the

Al rghts reserved. No par. of cortents of this paper may be reproduced or transmitted in any form or by any means withou: the writier permission of TTP,
www.tipnet. (ID: 110.77.216.187 22/05/14,10:32:47)
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clear liguid in the clarified products was obtained from filtering through fabric, and then the glucose
(reducing sugar) concentration :n the liquid product was analyzed by UV-Vis spectrophotometer.

Analytical Method

DNS method [6] was used to determune the glucose concentration in the claritied products on
spectrophotometar (model HP 8153 with UV-Visible ChemStation software) at A = 520 nm. A
pravious calilration was applied for determining the ghicose concantration.

Experimental design and Optimization

An optimal variable level was determined using central composite design (CCD) for the
clarificarion process. Independent variablas, that were investigated. were %w of peel to water (X;i.
2/z). alpha-amylse amount (X;. Ulg). in:tial pII (X;:). temperature (X, “C). and time (Xs. min) . A
dependent output variable was zlucose concaentration in the procduet (Y. g/L). From lable 1, 29
experiments were carried out to optimize the varizbles level for an optimal condition of the
clarificanon pnucess.

Result and Discussion

Optimization of the five variables

Table 1 CCD experiment conditions and glucose concentration results from experiment and RSM

pradiction
Exiperimenial | FPredicied
el B X X3 Xy Xs glucuse concentratiun [2/L]
no.
L 16 170 6.3 85 150 22.0 21.9
2 12 205 6.6 93 103 9.6 10.4
3 13 170 0 g5 150 12.8 10.7
4 3 135 6.0 93 103 11.4 11.9
3 13 170 6.3 85 150 17.4 124
6 12 100 6.3 85 150 0.6 D4
7 13 170 3.5 835 130 151 16.2
4 12 205 6.6 /B 195 10.6 114
g9 13 135 59 93 195 20.0 19.6
10 15 209 T 93 1045 15 6 154
11 12 135 59 78 105 14.8 14.7
12 3 70 6.3 100 150 12.1 11.7
13 15 205 39 /B 195 31.9 210
14 E] 170 6.3 85 60 17.3 16.5
13 13 240 6.3 83 150 12.1 113
1€ 12 135 6.6 78 1035 14.1 148
17 5 205 6.0 93 19 127 3.2
15 12 135 56 93 193 4 9.0
1¢ 15 205 6.6 7 105 210 21:7
20 3 170 6.3 85 150 12.3 14
21 12 135 39 /B 105 19.2 140
22 13 170 6.3 g5 240 16.3 16.5
23 13 133 66 78 193 127 13:2
24 12 135 59 a3 103 10.5 101
25 3 170 6.3 70 150 19.0 18.4
26 10 170 6.3 85 150 112 12.3
27 12 205 50 23 195 1.2 131
28 12 205 39 78 103 12,4 13.5
¢ 13 170 6.3 85 150 12.4 14.4
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Fig. 1 Responsc surface plots of {(a) %ow of pecl to warer and alpha-amylase amount: (b)
temperature and alpha-amylase amount: (¢) pH and alpha-amylase amount: (d) time and alpha-

amylase amount: () temperature and %w of peel to warer: (f) pH and %w of peel to warer: (g time

and %vw of pezl to water: (h) time and temperatirs; (1) pH and temperature: (§) pH and time

The ellects of %ow of peel 1o waler, lewperalure., amylase amnounl, e aud mitial pH on glucose
concentration in the clarified products can be utilized to generate responss surfaces which can be

fitted with Eq. 1.
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Y = -160.21 +3541X; +0.01391X, +18.91X5 +0.211X, + 0.213X;5 + 3017.1%;° -0.00082X, ™
1.61435; + 0.0031X, " +0.00028X;5 +1.06X,35 -107. 783, X; -2. 167X, Xy +0.06483 X:
—.0366TX-X;3 -0.001 26X ~0.000076X N5 ~0.140%:X; ~0.0848 13, X0 00276 XX (n

From Eq. 1. the variable coefficients of X,. 30;. X;, X,. and X; peint the priority of the variables.
These are more than thosa of the interaction coefficients of X3, 30,3 XX, 303 3N, XX,
W3, SGN L Xa¥s amd N Xs, and those of X7, X7, X272 X7 end X7 which are a linear relationships
rether than curves.

In ‘Lablz 1. the experimental velues of glucose concentration conform with the KSM predicted
values that the regression equation shows the determination coefficient (R”) = 0.929.

The interaction effects of % w of peel to water and alpha-amylase amount
The investigation ol the effect of %w ol pzel 10 water (or starch concentration) and alpha-amylase
amount on clarification process. experiments were carried out at “w of pezl to water ranging from
10 to 16 and quantitics of amylasc ranging trom 100 to 240 U/g for 150 mun with an initial pH of
6.3 at a remperature of $5°C. For all “w of peel to water the glucose concentration in the clarified
product was increased with increasing amount of peel. The optimum conversion was achieved with
alpha-amylase amonnt ranging from 140-240 Ug at %w of peel to water the ranging from 15 to 15
(Fig. 1(a)).

The interaction effects of temperature and alpha-amylase amount
Fiz. 1(b) shows the effect of temperature and alpha-amvlzse amount on glucoss concentration. Lhe
clarification experiments were performed ar various temperatures in the range of 70-100°C and
amylase amount of 100-240 /g for 150 min at a 13 %w of peel to water with a p= 6.3. It was
found that there was no improvement of glucose concentuation with increasing temperature.
Similarly. further increase of enzyme amount more than 210 U/z did not increzse the conceniration
of glucose. The fair optinmun temperature and cnzyme amount were given as in the range of 70-
80 C and 130-240 U/g. respectively.

The interaction effects of pH value and alpha-amylase amount
T order 1o sty the effect of mitial pH and amylase zmownt on the clarificalion process, the pH
used in this process was varied at 5.5, 5.9. 6.3, 6.6 and 7.0 as the amylase amount was varied at 100,
135, 170, 205. and 240 U/g for 150 min with a 13 %w of pec] to water at 85°C. The results indicated
that the conversion rate were reduced rapidly with increasing pH value. In contrast, the raising of
glucose concentration would be obtained with increasing amylase amount (Fig. L(c)). To get an
optimum ghicose concentration the clarification should be operated at a pH :n the range of 5.5-6.2
and an amount of amiylase in the range of 100-208 TUlg.

The interaction effects of time and alpha-amylase amount
Fig. 1(d) shows the ctteets of time (60-240 mun) and alpha-amylase amount (100-240 TU/g) on the
clanfication process at 85°C with a 13 %ow of peel to water and a pH of 6.3, The results umplied that
the clarification should be not carried our for a time in the range of §5-140 min. However. it should
be cemied ol with an amount of amylase o the tange of 120-225 /g 1o achieve a high
concentration of glucose.

The interaction effects of temperature and % w of peel to water .

‘Lhe clarfication was mvestigated at various temperatures ranging from 70-100 C and %w of p=al to
water ranging from 10 to 16 for 150 min using an amylase amount of 170 Ulg and a pH of 6.3. It
can be seen in Fig. 1{e) thar the glncose concentration was raised when the %aw of peel 1o warer was
increased. But temperature was to be decreasad. To reach the maximwun content. this process may
be operated at 70 'C with a 16 %w of peel to water.

The interaction effects of pH and Yow of peel to water
Glucose concentration of the clarification process in ralation with initial p= value and %w of peel
to water is shown in Fig. 1(f). The optimum conversion was achieved with the pH valve in the range
ol 55-6.5 and %w of peel 1o waler it the range of 15-16 for 150 min at 85C and an amylase
amount of 170 Ul'g In addition. the results ndicated that firther increase of pH value (= 6.5) did
not icreasc the concentration of glucose.
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The interaction effects of time and %ow of peel to water
Fig 1(g) shows the cticets of time and %w of peel to water on glucose concentration et 170 T
amylese/g. 6.3 pH value and 85'C. The formation of glucose was increased when quantiry of peel to
wiler was increase. However. the inerzase ol time did not increase the conceniration of ghicose.

The interaction effects of time and temperature
The glucese concentration in relation with time and temperatura at 13 %w of peel to water. 170 T
amylase/g and 6.3 pH is show in Fig. 1(h). The optimum conceniration of glucose may be gotten at
a mild operating condition (70°C for 60 ).

The interaction effects of pH and temperature
Fig. 1(1) shows the effects of pH value and temperature on glucose concentration at 13 %ew of peel
to water, 170 U amylase/g for 150 min. The formation of sugar contant would be increased when
pY and temperane were reduced This alpha-amylase enzyme conld be activa with relarively
acidic condition (pH™5.5).

The interaction effects of pII and time
Effects of pH value and time on glucose concentration are shown in Fig. 1(j) at 13 %w of peel to
water, 170 17 amylase/g and 85 C. The pre-hydrolysis vizld was increased with an increase in time.
But the vield was decreased when the pH value was increased. The clarification should be operated
with a plI in the range of 5.5-5.8 for a time in the range of 200-240 min.

Summary

The clanficaion process [or the 2thanol production fom pineapple peel belore saccharification and
fermentation processes was opimized by RSM to determine an optimal condition. I'rom the
mvestigation of the 5 important variablas (“ew of peel to water, alpha-amylase amount, pH value,
temperature and time). the highest glucose concentration in the clarified product. which is obtained
from the experiment using 16 %w of peel to water. 188 U/g anrylase amount. 5.5 pH value at 70°C
for 240 min, is 31.8 gL This glucose result demonstrates that the clarification pretreatment and
pre-hydrolys:s. of starch in the peel with alpha-amylase is sufficient for the ethanol fermentation
that may not have to go through the saccharification with gluco-amylase.
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