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Abstract

The ethanol, alternative energy, productions using pineapple peels as a raw material were
studied in this work. Natural microorganisms (decay), mold on bread, enzymes and microwave
heating were operated for comparison in the pretreatment - hydrolysis processes. And baker’s
yeast was employed for the fermentation process. The optimum conditions of the 2 processes
were investigated by Response Surface Methodology (RSM).

The first process, pretreatment — hydrolysis, the peels were carried out by 4 different
methods. For the first method, the peels were decomposed by natural microorganisms using
100 - 160 g peel to 1 L water for 3 — 14 days at an ambient temperature with 84 - 92 %relative
humidity. For the second method, the decay was done by natural microorganism together with
mold on bread. The studied factors were 100 — 160 ¢/L for 1 — 7 days of time from the expiration
date of the bread with 1:3 — 1:9 weight ratios of bread to peel and 3 - 14 days of decomposition
time. The third enzyme method was divided into 2 steps. The first step, the peels of 100 - 160
g/L were pretreated by alpha-amylase of 100 — 240 U/g with pH of 5.5 - 7.0 at 70 — 100 °C for
1 — 4 h. Then the second step, the pretreated peels were hydrolyzed by gluco-amylase of 40 —
120 U/g with pH of 3.5 - 5.5 at 40 — 70 °C for 4 - 8 h. Lastly, the fourth method, the peels were
pretreated and hydrolyzed by microwave heating using 100 — 160 g peels/L at 90 — 900 W
microwave power for 5 — 20 min. For the second process, the hydrolysates from each 4
optimums were fermented with pH of 4.5 — 6.5 using yeast amount of 2 - 8 %w at an ambient,
30 — 40 °C for 2 — 8 days. After that the optimal fermentations were scaled up from 250 ml to
5 L capacities. And the third process, the optimal fermentation liquid (broth) would be purified
to reach more than 95%v ethanol product by a packed column distillation unit.

The optimum results for the pretreatment-hydrolysis and fermentation, the first method
was using the peels of 141 ¢/L for a decay time of 5 days that provided 0.58 ¢/L reducing sugar,
and the fermentation using 2 %w yeast with 4.5 pH at 40 °C for 8 days gave 5.38 %v ethanol
product. For the second method, using 1:3 weight ratios of bread to peel (mixture) with 153 ¢
of mixture raw/L and 5 days of bread age from the expiration date for 1 day of decomposition
time, provided 2.07 ¢/L reducing sugar, and using 3 %w yeast with 6.4 pH at 30 °C for 8 days in
the fermentation would get 4.07 %v ethanol. The third method, using 160 g peel/L, 188 U alpha-

amylase/ g peel with 5.5 pH at 70 °C for 4 h followed by using 120 U gluco-amylase/g with 3.5

pH at 70 °C for 4 h, provided 48.16 g/L reducing sugar, and 6 %w yeast with 5.5 pH at 35 °C for
5 days gave 1.10 %v ethanol. Lastly the fourth method, using 132 ¢ peel/L at 90 W for 12 min,

provided 13.18 ¢/L reducing sugar, and 8 %w yeast with 6.5 pH at 30 °C for 2 days gave 6.65 %v



ethanol. In addition, the fermentation in 5 L reactor could reach 6.67 %v ethanol for the optimal
microwave method.

Moreover, the solid waste after the ethanol fermentation was developed to be used as
raw material for pulp production. Physical properties of the pulp-sheet which were basic weight,
thickness, cobb value (water absorption) and tensile strength were determined to compare with
mulberry paper, wrapping paper, gift wrap paper and writing paper (A4). An only water absorption
resistance was significantly investigated to improve the physical quality of the sheet by adding
aluminium sulfate (alum) and rosin. The optimum pulp-sheet production was using a weight
ratio of 3:1.4:2 of pulp to alum to rosin. The water resistance property of the 4 pulp-sheets was
similar to the 4 paper types. Moreover, the soda pulp-sheet may be applied instead of the

mulberry paper with similar properties.
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29AlIENDU INAEU nansvegey (Jovazlnetmiin)
TUshu AOAC (Kjeldahl Method) 1.42
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masuaﬁzazL’Jaﬂumiﬂ%’uamwuazéaaLLazqmmﬁﬁﬁma&iaﬂ‘%mmﬁwmﬁﬁasﬁ nanafagURl 22
wud Ysinahmasmdiiauiutudeldsrernatlunsusuanmuarges 60-120 uit ualdgungd
70-76.7 p3aAwaLTYE

PnwansAnudedesneg  wulanmefumeadlunisufuanmuazdosiudendulrsalagld
oulwsiuoay-orluaa Ao TUTunauuRendutzan 160 n3u de 1th 1 Ans Ysinaueuleviueani-ex
lyuaa 188 U slensudendutzsn Witoy 5.5 aaumgil 70 asruwadiea uazldszesianlunisuivann
wazeion 4 Falus azldUSnaninaiiadeunisvue fo 34.17 nfusiedng uiileviinimnassaieas
gUsinmuthaa3aad 27.37 nfusedns uarldUSaninariomn 630.56 niusodns dafirtesninan
Uhinathmaimdanmsviueusfsnnnniian 29 maveaeslumnsd 4 Sedeldhanedingn
Huanneinzauiian

Hadeiidnauniian Wedunanuuiliimesnswiiufifiuansauduiusvestioderneg fo #
9% s0%Aeu Ae gl Uinaneulesiueann-evluea Usunaudfendulesn uazszuziiailunisusu
anmuazges Liesnioulusiueani-ezluaa aansavihauldiluangmmesssidunsa defiovdi
wanga egiiuszanal 5.5 mndafileviiinnniwietesnin 5.5 axvinlisravsnmlunisvinuwes
ulesianas dmateUiinasmaIdiiiniy

2.3.2 nagesnandniildanndo 2.3.1 Wnaeuihmanglealasldiouleinglneyluaa

nMseenuUUaNEMIvIRaedlag RSM fedadefidesnsdinu 4 Jade fo gamgll Vi
wulwsingla-ogluiaa foy uazsvezinailunistes wasnananiidesnisieuiuiuihnaiig duans
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naaeail 7 Ineldgamadl 55 ssmwaldua Usinanoulusinglaesluiaa 80 U fitey 4.5 uavszoznaily
n3gen 4 s [USnanina3ig 27,59 ndusiedns

thieyafilfannsmaassluiinsesiniundn Analysis of variance (ANOVA) titoasnauuudnass
mendnmandlagld Essential regression wansiiauns? (2) FerUSinanimasangiilaainnis
ynsuszaiildnnnsmnaesdinuaenndasiu fed R = 0.912 wadviwavesiladoia 4 Yade 4
finasieUnaninaimdgnasuiedensiiuinauiii uansieguil 23 - 28

USinaminanaiing (nSuredns) = 66.85 + 1.007(8) + 0.362(F) - 25.98(G) - 4.776(F) -
0.00566(B)* + 0.000447(F)* + 2.404(G)* + 0.215(E + 0.00619(B)F) -
0.176(B)G) + 0.01853(B)E) - 0.02493(F)XG) - 0.133(F)E) + 1.956(G)E)

(2)

Taofl B o ooyl (esmwaldea)
F Aie Usinaueuladinglogluaa (U)
G fio szuzanlumsgos (Halug)
E A9 Mo (pH)

30.0-37.5

= B 225300
2

= 375 .
B 300 W 15.0-225
wa 225

- 35 = -5

% 1.7.2 667 W 7.5-15.0
& 8

g W 0.0-75
A owp - p o/

L -
6.7 —
(@ wparyaa)

a1F b
JUN 23 psmiiuraufifuanianudiusseningamgiivasssesiantunisy oy
Nilnasenandniinaiaag Ingldusinaseulednglaesluga 80 U uasiiiey 4.5

NavedguniiuarszezalunisteyseyTinanasig Wevinsdeslagldieuluinglaey
Tuiaa 80 U waziionidu 4.5 uansdsguil 23 wuindunahniasmdiannuiudieldgamgiilunisdes
wnFu (luyas 40 - 70 ssrwalea) win1sldssesianlunistesunaulilanigliinuinaifidun
= =] ) @ ' 1 d' L4 L4
Tu sreziaiies 4 lue Adleanesenisdey (eldioulwl 80 U)
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nglregluaa
- - . USinannmasing
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7 LAY EIH) () - o
939 ey
1 48 100 7 4.0 21.43 21.45
2 48 100 5 5.0 16.75 16.25
3 55 80 6 55 16.33 16.75
4 48 60 5 4.0 19.08 18.93
5 48 100 7 5.0 19.67 19.87
6 63 100 7 4.0 17.98 19.19
7 55 80 4 4.5 27.59 26.85
8 63 60 5 4.0 17.81 18.23
9 63 60 7 4.0 14.34 14.66
10 55 80 6 4.5 18.11 17.26
11 40 80 6 4.5 15.51 17.34
12 48 60 7 4.0 21.63 20.64
13 48 100 5 4.0 21.59 21.74
14 48 60 7 5.0 25.73 24.38
15 55 120 6 4.5 20.68 18.98
16 63 100 5 5.0 17.93 19.53
17 70 80 6 4.5 16.92 14.65
18 63 100 5 4.0 23.56 24.74
19 55 40 6 4.5 15.72 16.98
20 48 60 5 5.0 19.36 18.77
21 55 80 6 4.5 16.08 17.26
22 63 60 5 5.0 18.52 18.34
23 63 60 7 5.0 18.23 18.69
24 55 80 8 4.5 26.61 26.91
25 55 80 6 45 17.60 17.26
26 63 100 7 5.0 1791 17.89
27 55 80 6 3.5 19.07 18.21
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a

NATBU NS HELATRINITUTUAN N lRe AR s IaRaN AR T U laaungn WiswIde

=a

NINTUIMIANIEVRINTUTUAN NN AUIA83A4 (Reducing sugar) 11n91gA LHB9INNTIATIE

a

psfUsEnoudendulzsanuiniaslulansmunnnineaglaauazifussduseneufiunniian (M3
1) LLasmﬂwamsmamLﬁaaé’uwudwmﬂLﬁaﬂamwmmzau%ﬂﬁﬂ%mmmaq‘iaaw'%aﬁwmaﬁy’wm
(Total sugar) 1nfian nandevidanisgesasldinemainng (gAvdmsunmsldmindueniuea) s
nnsidenaneilisunaimasidundauatunaunisusuanin [9] waziiiesninaudde il
FuneunsEMEINNTUSUANNI AN SN wenaI gl A TagNan SR NLUTANIENSNAADS
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2.4.1 wan1susuanIn

~ ° ) ) =~ ) P - ' an
AN 6 WERINANITEONLUUANILAISNAABIE IS UNSUSUaN Wasndulrsanleuuantanes
RSM wazaavasuSunauinniasmdlunanasndinisusuaninalglulasmm

My | Suadaendulese | , o USInannmasing
26068 Tuth 1 8ms majli\lﬂq m: (nSusedns)
o o i a (In6) (W) .
i (NSUFDARST) NANISNAADY | NANISYIUNY
1 148 720 17 6.23 5.66
2 130 900 13 5.44 6.70
3 112 720 17 4.25 3.35
4 112 720 8 6.41 5.41
5 148 270 8 9.30 8.57
6 148 270 17 8.03 7.49
7 130 90 13 9.29 10.00
8 130 450 20 4.33 5.21
9 112 270 8 8.42 7.25
10 130 450 13 8.29 8.27
11 148 720 8 9.09 8.25
12 130 450 13 8.29 8.27
13 112 270 17 7.50 6.69
14 130 450 13 8.29 8.27
15 100 450 13 2.74 4.26
16 160 450 13 6.26 7.06
17 130 450 5 6.17 7.60

Han1sAnwaNSnavealadesineg AeUSunaringiu (Waendulesn) sev 1 ans (p; NTUADANT)
sgiunsliaudou (w, Tos) warszeziailumsuiuan (6 wi) Aiwadeuiuianiniaifadly
NANAATEINFUTUANMUARIRaFUR 29 - 31 Tnevia 17 mavanosfinandemsisdl 6 MnuanIsvaaes
flFnmsviunelaelusunsy RSM grlfifiemannizfneandmivosasnaldvasUimuinia
Fdfunniign wuudaBIvesaNNIINNIMAGRY Quadratic Model dwiusSutsnmduiusTzming
ﬂ%mmmamamﬁwma%'aa%ﬁuﬁﬂf{'fwi'm6‘]LLamﬁqammiﬁ (3) waznadoumNItd1AYIIRNUFUNUS
sguhayadneuiuyavesiuUsHuTssfuAudesiufesay 95
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USinashnasmd (nSusedns) = -51.49 + 0.827(p) - 0.01743(w) + 1.393(t) -0.00298(p)(p) +
3.49212E-06(w)(w)  -0.03381(t)t) + 0.000111(p)w)  -0.00413(p)t)
- 0.000371(w)(t) (3)

NANNTUUUTNADINAURAIEAT (3) aﬂmsaﬁ’]mﬁmmmﬂ%mmﬁwma‘%aasﬁﬁam’mm6]
dWewluwSeuifieuduaiildainnismeasswazifiedluinseienuulsususazanuiniedoves
WuUaerwinzauseld Kan1silun1Imaaesdensei 6 Faeinmiesei nuimduusEans
nsindule (R) veswuusiaes fdwinfu 0.913 Faazuenanuundefieveswuudasiild

navesUfduiussewisudsdasei 3 faus Feuszneudeuiunanddenduleselu 1 ns
Al warsveznalunmsUSuanmiilinadotineifad  diaueluguveansiviuiaanuds
(Surface plot) AnduuSTRIILUSHITiTHasoUSINAThmMaTing iiemansuguunltimestiade
Fanymildaziidnwazdegud 29 - 31

—
—
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. USinasinmnasang
- Aaalnsin Lan v 1A
NISNARDIN " . - (NSUMDANST)
(I9R) (W) .
NANISNARDY | Han1svinuie

1 270 18 5.26 6.26
2 450 20 7.68 7.20
3 450 13 7.56 7.73
q 720 18 6.77 6.70
5 90 13 5.34 a.57
6 450 5 8.73 8.34
7 900 13 4.57 4.83
8 720 7 1.27 7.15
9 450 13 7.84 7.73
10 450 13 8.13 7.73
11 270 7 6.38 7.30
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nan1sAnwIBnsNaUestaturnAesEAunsliauseu (w; dn6) uazszezallunisges (4
i) AifiarieUiuhmaimdlunandnndinisgesuansdesuil 32 Tnea 11 n1svanowuansiinsng
i 7 dlevhdeyaiildannsmeaedluieszinnuvdn ANOVA FaduiSmsinneideainlunism
Usinashnasmd udithunasauusaamnsadamanslinegldlusunsa Essential regression @150
a$1auuuaesdmiuesuemuduiusTe LS lunsgeeftaunsi (4)

USunauinenasang (NSusoans) = 5.675 + 0.01626(w) -0.222(t) -1.8194E-05(w)(w) +
0.00368(1)(t) + 0.000120(w)(t) (4)
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¥a1nnsneaseuarAUsinaiaaimdildannsiunesmdennsi azld R2 Andu 0.937 wandli
Wudnaildannnisiuediailndleeunisnnasiase

navesUffuiussevinafuddassis 2 duus Ssuseneudeadliih uazszesnatluns
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dslaifivilsldsanahmaiidmnzauedluting 360-630 Yad
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AsvnunglarananduSNMNUINNE3AT 8.36 NSUMPARS kardnalavuaalinasitle 65.91 Alansy
fo 1 fulasndulzse
A o = ~ a H Aa saq v ~ ) ! Y
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WALLIANTUNNSUSUANIN 12 W91) @NUNS0 MANARARUSUIUAINUINTUYDIUINNETANG 13.18 NSUADANS
wazludumauniseay (A9i1dsluiln 450 Ja wazvatlunisuSuanin 5 uii) anuisaliusunadinna
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379 8.70 NSUMPARSTINUINISUSUANIN (NslrianuSaumendululasin) eansaunelanusal
Usinamasidlaunnitnisilugesse  (Wienudeutrdwaliluanamafousd)  deduly
JUABUVDINISUS VAN  wargpemeudan  wddslavauladnuianistunauyaanisusuanIn
D O =2 & Y Py ' & a ~ v v v A ~ o a
Wity Fedunisusvanimnsaunistesslutusnauden @nstranusoumeraululasnnileansanen)
erdunisusgndanan wasu uagsunulunisudn

2.5 NaN15ATIZRBLARAZUSUIUUIAIAVDINARNANNAINISUSUANINLAZE D8NG 4 35

M19199 8 ansstinvosuimatazUunamalunandnainIsUsuan ez ase35m19Y

[y

d10U o - yHakazUTUIaAa (% w/v) +£SD
o Fog1INaNER
i

PGIEE nglaa ylasa 5

USvanmuazgosildandulzsnnienis
1 | lddunsdniinvuedlaesssusnfve | 0.34 +0.02 | 0.410.03 | 0.53+0.01 | 1.28+0.03
wWaeandulzsn

USuanmuasdasilfandulesnnienis
2 | Idunsdunvunlaneiunauneigudy | 0.22+0.01 | 0.45+0.03 | 3.86+0.02 | 4.53+0.03
57U

Usuanmuazgaglasndulysnnienis
3 o . 0.57+0.03 | 0.84+0.03 | 0.51+0.01 | 1.92+0.03
Tdvoulal

Jsuannasndulzsanisunlalae

q o o d- 0.24 +0.01 | 0.25+0.01 | 0.34+0.01 | 0.83+0.01
MstiausauanmaululasIn
USvanmuazgaulasndulysnnig

5 | dnUanlaensiianusauannaay 0.26+0.01 | 0.24+0.01 | 0.35+0.04 | 0.85+0.01
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dlATeni: AudinIesiloTnermans umInedeasvaIunAIUNs

91NA1599 8 NI NMsUFuanmuazgasdendulssalagldiouludaglvusinaninaliana
A =i = ¢ @ U ! aaa A o ! a 2
Wy (yalnauazngled) wndian  lesineuledidudussujiserndnmzianzasioiiayunm
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thmaliAnunnnin33au warsesaunfenisuiuannuazdenudendulzsnlnonisliqaunisniiniu
walagsssunAvudendutzsn  wazmsUivaninuazdesdonduuzsalneltduvdunundsd
yunetEudT e wiileRnnarumasthmanivun liluuarla-ueaelsd Ao fievlalna nglaa oy
glasa fdadas (Saccharomyces cerevisiae) ansnsamsinidutomueals wuinsUsuanmuazdes
FreTimsliaunidsssmminuduadurisuumudussiumuneny  aunsalihmainiian  Tog
wnRnmsAneAsEArandynsisuntundeinudiunestaslssuranvunils Saunuiioy
L

efanusarhunldusslevild uaznansliaszivesiimaiidaludaivayunnudurvesisnisundn

= A

Fellganeaninnisiieuleddiunisusuaninalgdnlainsaunistianuseuainaaululasiw

| = ) Y Y % = - v a - < I3
warnseauldandulzsamelaenisiirnusauannaaululasnngragliusunatianalulungnailsa
= < & A Y o v & 1 ¥ ¥ %}I = 5 1 %
Ao nalaauavyiinlag wavlaudnalsd fie glasa Indifseiu wanddiiuiinislianuieudisnasilila
dwalildnandaimaiindy dulwiiailunisasdunuuaznailunisndndsmsantunsumious
JuRBUIANUSaUMBUIUAIATAAEIS TS ENINUSUAN NS BUNSE R luAS ILREN

HAN1SUSUAN MULAEEaUMEENENMINZaN YR IMAAETENUIINTIIRAUNIdsTTUv A AR AKER
nauinnInsdesuuliaudeu weagelsAniunisnvaeuInIsnIsiamunzanasfvinn1susin
Wisuiiguralavesenueaney  lesinvazviinisuinaddanunsandnuinaglasadueniuea
16 wazdosrdedmalaaniuasfunisnansueie

2.6 MINATIHRENWULNINNIBAINVDITINYRAULALNAREANAINITUTUANNIALE D VD IUAAL TS

anyuENIINIENINveITRgAukasNananndInUTuannLardagvaILAaEISgndunnsY
Scanning Electron Microscopy (SEM) #i 15 Alalaad fdswens 40 way 500 LLaméﬁgU‘ﬁl 33.1 - 335

NaMTAATIEANAEIMINEN ey SEM vasimguiAendulzan (3UT 33.1) Wisuifleui
NANATVAINSUSUaR Ao IETAUNIIsTIINR (SUT 33.2) wandsvAanisusuanmuaseende
QAuvEdssTunAULIUAendur snsmAuduvduuruuilaasiumneny (SUA 33.3) wanAAndsns
Usuanmuazgesseieulesl (SUA 33.4) uaznandavdanisuivannzuazdosmendululasiam (UA
33.5) nuingAunoukunsEUINNT SdnuaziuiGeu wl dudsenouseg veaddendulyaas
Guidloiertusednvanduy  wiiledunssuiunisuivanuazdes  fiufinveuudendulzanasd
Snunmden dutu Aufresiatering ussifnuususnuensenanfusthadiulédn uandidiui
andudusidenlassaiwenduly Wognirdneenfeziindesinssninaduleviewagloa waviile
dunsrandamdsnsgosusaziuvasnuiidosieioules  aiidnuagiuguss  AansEnuavany
funsogedmay ilesndudnvasiivsduesiuivioduloudmgndes (agliduthnma)
vz sgenmeondululasivasidnvadeinuenveadile (il Dosuduiniuvesiumiion
wulesd) SnvarsainanuandiifuinnsldeuluiAnnisdesldfniiisaus

40



(@)

SUM 33 SEM #ifn&sens 40 waz 500 Wi ves (n) FngAuidenduuyse (v) Waeniiunstessne
BUYEIsTIINA (A) WaeNTKNUNMIHoEMeAuYISsTTATINAusduYIs UL Tmunegy
(1) wWaenirunstassetoules way (1) Wasnfikunsdessendulalasion

Az qudiedosdioinenmans uminerdvawaiuaiuns

41



3. nan1sudneuaanlgdanuuuls
3.1 wan1sudnUAandulssanasIunsUTUANINLAZEREA18RUNSESTINYIR

[

AN5199 9 ANNEZNITNARBILAZNANISUTNNANAAaINSUSUAN LAz aelaeltaaunIoNNnTuLeIUY

9

wWaendulzan
o 1781 YSunaudanauutle b qmﬁﬁﬁ USunaueniuea (% lagusunng)
e (Tw) (% I@EJ‘lf’]Viﬁﬂ) 0T | (I IYAREE) | panisveasd | wan1synune
1 7 4 5 33 2.86 2.80
2 8 5 55 35 2.86 2.83
3 7 7 6 38 3.10 3.11
4 7 4 6 33 2.03 2.04
5 4 4 6 33 2.81 2.62
6 5 5 5.5 35 2.60 2.62
7 4 7 5 33 2.89 2.77
8 5 2 55 35 2.44 2.61
9 5 8 5.5 35 2.57 2.43
10 4 4 5 38 2.90 2.172
11 7 7 5 33 2.30 2.40
12 4 7 5 38 2.45 2.57
13 4 4 5 33 2.85 2.97
14 5 5 55 40 3.29 3.37
15 5 5 5.5 35 2.66 2.62
16 7 a4 38 3.57 3.52
17 4 a4 6 38 2.66 2.68
18 5 5 6.5 35 2.50 2.53
19 7 7 6 33 1.98 2.01
20 5 5 55 35 2.61 2.62
21 5 5 4.5 35 2.96 2.96
22 7 a4 6 38 3.13 3.08
23 2 5 5.5 35 2.75 2.81
24 7 7 38 3.15 3.18
25 4 7 6 38 3.01 2.91
26 5 5 5.5 30 2.58 2.53
27 4 7 6 33 2.61 2.78
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nseanuuulag RSM Beiifudsdase 4 fuus fe svaznailuniamin Uinadaduuuil fov
uazgaumgil Mudsmufeuinaleniues uansanzuaznansinlumed 9 nevhnsusinuanas
vdansuivanmuazgesmeannymnzaulnglinduvidafiegudruudondulssn fe  19UTuw
Waondudzan 141 nfu sio 1 1 Ans WWusveznm 5 Tu agldthamaiang 0.58 nfusedng uazUiina
thenaavun 135.43 nusiedns

dothdeyaiildanmsnaaes (M9t 9) TUliesigvienumdn  ANOVA Iduuudrassmis
Adaransdmsuyieanrlummdnemuealnrandarainsusuanmuasdeslaunisiy
PAuvIfsTsuTATAnT wesuuAendudzan de1 R2=0.926 uansdsaunIsil (5)

Usunauenuea_(%laeuinnms) = 44.68 - 1.644 (H) - 0.613 (I) - 3.771 (J) - 1.535 (K) + 0.022
(H)?- 0.011 ()* + 0.123 (JY + 0.013 (K)*- 0.022 (H)XI) - 0.135 (H)(J) + 0.065
(H)XK) + 0.123 ()UJ) + 0.004 (IXK) + 0.064 (JXK) (5)
Tnefi  Hfe sveznamin ()
| fo Usinadasaunils Gosazlnothmiin)
J fio ousudu
K e gauugil (asrwaided)

o/

navastiadedAniideUsuunanaaenuaanmMeninBanduuzsaiktunisuiu
dnmuazgaslaagdunidsssuvAvuuaandulzsn

navesUfduiusszrinafudsdaseiis 4 Yade Sesenoude ssesnatlunaviin Viudad
yuuths fow uargungll finareusinamandniovuea léauslugUvesnsmituinauiii (Surface

plot) vasANuduSTEnI1elade uanafagui 34 - 39

e 2.7-3.3
& ,
= » W 20-27
B33
= 27 s W 13-2.0
=20 |
@ 13 AL 73 W 0713
E 07 | (S L —FHA T~ Sen. ol | . o
= VA T4 AL T2~ 47 dsanisas -
8 00 PP A T T s W 0.0-0.7
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P19y 6

SUN 34 AsmiurlansauduiusseninaUTinuaduasileyninaneUsunanandneniuea
lnevidnfigaumgil 35 smiaalied uarszaziia 5 Ju
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USunaemueaiAniuduiliegnmiiay vaeivsinadadinadesann mafiuvsinagadlilade
iSinamananienuoatiuy
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qim
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S
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2 07 3 4
= 0.0 )
2 Wimaoaa l 0.0:07
Wl
- 6.0 - .
a1 () 7.3 (% laeiun)

JUN 36 nemiuRkansauduiussyriessesan lumsdnuasUsinadadvun dalunismdniing
soUSunasenuea lngldaamgil 35 asraidea uaviiiay 5.5

JadgvessveznatlummvdnuazUSunadadvunlaninaseusunanandaeniuea  wanwwegy
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uniesesay 4.0 - 8.0 Ineuntn wariszesian 6 - 8 U meltusunudansesay 2.0 - 4.0 F9liUusn
MMSHLUS LB aREIUNS TR ELLIANMUNSUSN LA

—_ W 2.3-4.0
im
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= 7=
= B 2733
=
) 0.
S W 20-27
=1
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@ W 1220
.y
= Wo7-12
@

M 0.0-0.7
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GENTETRGR AR GIE o))

JUN 37 nelituiuansmnudiussenivgumgiiuazileyniinaseUsunaieniuea
Ingldusunagadvunesesay 5 lneundn wagsveziatluniswdn 5 Ju

Jadgvesgumgiuar e NilnasdoUSuNUNaninenIuen wanwiaguin 37 wudiuSunatem
weallAinTuilevdnfigaumiliiadu 30 - 40 esmiwaldya laginumsaiiun1silvanzaueiy
gamqll 40 el fedasiienlunsnfe 4.0 - 4.5

2.2-4.0
= 2.7-3.3
g 4
“ 33 W 2.0-27
e 3.0
2 L3 W 1320
: %
g ' o713
e W 0.0-0.7

a1 ()

JUN 38 Ny miuikansauduiussyriessesan lumsdnuazielunmsndniinadeusunn
emuea lagldusinaadvundsevas 5 lnaumtdn wavonmnil 35 asmwaldua

UadevasszariianlumminuarilesninareuSinamandneniuea uanwiagun 38 wuh
YSinaenueaiianiuduileldszegiialumsninuiniy - uazanensanlunsminivanzauey
Tu939 7 - 8 Ju uaziiiey 4.0 - 4.5
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44-53

g .
= ' 3.6-44
E 53 ek
& ié T Bl 2.7-3.6
z 6% B < 289 1.8-2.7
2 o - 367
= 0.0 -
= Ry 4.4 W 0.9-18
@

2.0 GRTHH] W 0.0-09

(@I wvaLsaa)
a1 ()

SUl 39 newitufuansaudiiusTErIsszernanlun svsnuargmgifiinaeusinaievuea
TngldUsinnBasuuuildosas 5 laewmin wagioy 5.5

tadvvesszornailumsviinuazgumnliiinadeusinasandnioviuea uansdaguil 39 wui
USinanemueaiiUiinauvsnzasnilovhmsusingiszeziian 6 - 8 Ju uazgumndl 38 - 40 ssmivaLTya

RSM viuneanngivsngauluvsinieniusaainimaAuiiunsuivanmasdosseqaunid
syamR Ao msliuTinaBaduuntiviosay 2 Tasthmin ey 4.5 gamndl 40 esmuwaidea nifnidy
nan 8 Fu Tagaunisi (5) vueUTinamandmenusaiiuosay 5.48 lnguTuins danmsvimeaes
BegliUTinaomueaiosay 538 lagUiins datesniwansinnedndosudidudiiunnimg
713 27 manaaedunaed 9 anmziaduannemsntnivaneaudmsumninudenfikiunisusy
ANTNULATEREMEAUTITTINYIA

3.2 mMsndnrandanaenisuuanmuazgeslaggdunidsssuyifsiuiugauniduuruutaasu
NUADE

nTeBNKUUNIVIAABINIY RSM Afifuusdasy 4 Pade fe szezianlunandn (H, fu) Vi
fadivundls (, Fovarlagtmin) fevdudu () wevgamndl (K, ssmiwalon) Muusmufeuiina
ynuea faanslumsned 10 Tagvimssinandndiinunisuivanwuazgeslaglfvuuieiivuneg
widheanmznzan fe THuuuthiiviunengudn 5 u Sasdnvuiisensdondulyen 13 Usinu
yuntlmauUFendutzan 153 ndu o 11 1 803 Waveznailumsgos 1 Fu wldthaaiing 2.07 nfy
foAns wazihnadtinun 389.33 n3usrodng

dethdeyailiainnismaass (M3 10) TUaeszsiauman ANOVA aninsaadiauuusianinis
AMINAEATANNSUBBUIIALENNLSVDITATUASY  LagYNUIENANAALENIUDAINNTMIINHANAANAS
msUfuanmuazdeslneqaunadsssumatiniugduniduuruaimuneny uansiaaunisi (6) lnoia
ANNULIUATY R*=0.903
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JSunaeniuea Gegazlaedsuing) = -64.420 + 1.294 (H) +0.822 (1) + 4.315 (J) + 3.291 (K) -
0.041 (H)?- 0.050 (I)*- 0.247 (J)*- 0.045 (K’ - 0.087 (H) (1) + 0.096 (H) (J)

-0.030 (H) (K) +0.013 (1) (J) + 0.002 (1) (K) - 0.066 (J) (K)

a

(6)

A15197 10 @NENNSNRaRIwATNaNISHIINLUABNdUUEsAnaaEunN1sUSUaN Wasgaalagldaaunsan

a d’{ A (%
Lﬂﬂ%uL@ﬂUumﬁ@ﬂﬁU‘U%iﬂLLa%GZJ‘L!lI‘{j\‘lWNﬂ@']EJ'

q

v o | e JSunaugadaunte | N qm‘mﬂ”ﬁ USunaieniuea (%lagusuing)
iy (Tw) (%ﬁlﬂﬁﬂjﬂ) 0% | (a9ALwaLTua) NANISNAaDY NaNISYIuNY
1 7 4 5 33 3.88 3.90
2 8 5 55 35 3.03 2.89
3 7 7 6 38 1.31 1.56
4 7 4 33 3.90 4.04
5 4 4 6 33 3.63 3.45
6 5 5 5.5 35 3.44 3.43
7 4 7 5 33 3.90 4.08
8 5 2 55 35 3.04 2.85
9 5 8 5.5 35 3.39 3.10
10 4 4 5 38 1.63 2.12
11 7 7 5 33 3.90 3.59
12 4 7 5 38 2.71 2.64
13 4 4 5 33 3.78 3.60
14 5 5 55 40 1.32 0.45
15 5 5 5.5 35 3.47 3.43
16 7 4 38 2.02 1.98
17 4 q 6 38 1.27 1.65
18 5 5 6.5 35 3.40 3.03
19 7 7 6 33 3.87 3.77
20 5 5 5.5 35 3.38 3.43
21 5 5 4.5 35 3.43 3.33
22 I 4 6 38 1.57 1.79
23 2 5 5.5 35 3.56 3.23
24 I 7 38 1.13 1.71
25 4 7 6 38 1.83 2.21
26 5 5 5.5 30 3.75 4.14
27 4 7 6 33 3.86 3.97
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ANTNWALLDYMIYANILTAUILENIINNY 4 3D

i | Ingldqdunse
5nsUSvannwazeae - v o s - Y Y
oo sysuvAvy | Ineldqdunidsssund el Tngldmau
/A3013ENITRUAN - .
Waean wazvuvundavuneny voulaal Tulasi
WALNZ AL .
gudesn
USunaudanuuutle
¥ 9; £ 2 3 6 8
(Sevazlnsinnin)
NLOYVSUAU 4.5 6.4 5.5 6.5
BRIVRI
- a0 30 35 30
GNGRERIGHE)
szgzaluNssn (J1) 8 8 5 2
USUunanasntanI1uea
o - 5.38 a.07 1.10 6.65
(GovazlnaUsunsg)

6.2 Han1TUTTINUAUNUNITHEN wasUTeuliisudaf-daidevasnisnanuiazuuy

nsuamenuealngliudendulzsadiuingiu Useneude 3 dunounisndn Ae nisusuaniw
uazgoy MIviin uaznsnduliuauuian’ lasansouanssuaunisaniuandaiuldidu 4 wu
aiiBnsusvanmuazdesnnfuuandaiu 4 38 dwalvldannznmsmiinfimngauuandieiuluug
¢ witiannglunsnduiiumnuudgvsnandnovueamiiouty JsamisauszinaiuunITan
waziUFeuiisudof-faideseminenszuaunandnti 4 wuu feil

sUsznafuunsHARTeInsE NN HAneueaiiielfiudomas  (levnuearuuIau’
Soay 95) 1 Sududemmuneandunvesuaznszuiunsndn Wy Usinadeoduiildusia
NSTUILNNT Seogaiild warsImAentieYesingiu (NAn LN aLYeIN THARLAAYILLY) N5

AwmAldieviosuulunssuiunisudnemusalpeimualindseniueaninuuiansiluiouas
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95 Usinau 1 Ans Tnevdauagsaningauiililuniswdn uansfanised 20 Aldaneveanisuanusiay
LUUUERSINSIeT 21 - 24 msiSeuifloudununisdnvessaruuuiansienaed 25 s
Wisuiflsuted-teldevesnszuiumsnanuiazuuuuanafannsefl 26 uazesnsil 27 uamanns
Wisuifsunaldvosmandnieniusaainnisuanildingiumiee

= LY a IS g [J 1 Y
$1319% 20 LePNTIAINOAU d713LAL LLagﬁWﬁqiﬂéﬂiﬂﬂ nlgusgnaunsAwalgInglunszuIung

WER
asiadl IIMRONUDY asiadl S1ARULDY
wwulwsinean-asluaa 0.08 UMFBNSY lonenluaisusiun | 0.007 vmAensy
wulwiinglaeslues 0.13 U msaN3Y garvuuds 0.065 UmsiaNIY
asavansuauluie 7.40 UTNARANT 1 0.013 U MADANS
nsadaysn 0.014 v mABNSY Tulsin 1.7 UIRENUIY
NINDLFAN 0.02 UMFBNTY
Y IENIS) A TRgAUkaraNsAl AUAUIIN www.Alibaba.com (30 n.8. 57)

dnsanUasu 1 US = 32.8 U

[y 1 901 a 4:1' U @

9n31AU ANLRAEIIANTZAUEAAIMNITUILIAEN (MUsEUUATNEN, 30n.8. 57)
dnsalnil AnedesimssiugnanIsuULIAEn (NSugRaMnssuNugIULaziviladws, 30 n.e. 57)
1 9178 fa Aladind.t2lu

M5 21 UssanaunmsveslSinanmsldingau  aselinneg  wazAldanglunskdaieniueadnn
nszuIuMsIdRauvsdsssuvd Aldinisudaeniuea 1 ans (anuuigvssevay 95)
58N73 USunauiils Ay (un)

1. MSUSUANNLLAT Y DY

- Wasndulzsa 1,407.04 A3y -
v 9.98 a5 0.13
2. ANSNIn

- Badvunts 28.14 N5 1.83
- arsazansuenliily (USU pH) 0.12 &n3 0.89
-l 10.43 iy 17.74

3. nMsnduiinAuUIansienueallusesas 95
- Tl 1.60 v 2.72

37U 23.31

mesng Wansimingauldendulesa (Tagudelduavivdensdmiugnamnssudulzsanszles)
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M5 22 UssanaunmsvesdSinaunmsleingau  ansalinneg  wazAldanglunskdaieniueann
nszuiunsUTuanmuasdesmedunsduurunlaas Juruney iMamimdneniuea 1 893 (A3
U3gnsTavay 95)

78015 Usuauild | Anlgane (Uw)

1. MsUSUaN LAz Yoy

- Wasndulzsa 1,640 n3u -

- uuis 545.72 AU -

i 14.29 A3 0.20

2. TN

- Panvuuis 49.20 N3u 3.37

- ansazaslenliily (USu pH) 0.14 an3 1.11

- Twlsi 10.43 v 17.74

3, miﬂé"uLﬁmmmu‘%qm‘éwmuaaL‘flu%faaaz 95

- Twlsi 1.60 My 2.72
3734 25.14

mneng Lifamaningivaunds Gagmadslduazimiensdmsugnamnssuiuings)
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= 2 Yo a a 1 Yo a
1919 23 ﬂismmmﬂawimWmmﬂﬁn’mqm A19LAUMNE wagAlgaelunisuanieniueaann

[

nszuiunsUTuaniazeesmeoulel AMainisianieniuea 1 8ns (ANNUIgVdToLas 95)

18013 Uadild | aldiane (um)

1. nsusuanIw
- Wasndulzsa 10,133.34 N34 -
i 63.33 an3 0.82
- arsazansuenliily (USu pH) 0.24 &ns 1.78
- ouladuoa-ezluaa 63.33 N5 5.07
- Tl 0.72 e 1.22
2. MY
- nsagayin (USU pH) 139.33 n3u 1.95
- oulesinglasyluaa 15.83 Ny 2.06
- Tl 0.72 g 1.22
3. N1IIA
- Pasunts 608.00 N33 39.52
- ansazaslenliily (Usu pH) 0.22 an3 1.63
- Twlsi 4.01 wihe 6.82
4, miﬂé"uLﬁmmmu‘%qw‘éwmuaaL‘flu%faaaz 95
- Tl 1.60 %7e 2.72

334 64.81
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M59N 24 UssanaunsveslSinamsidingiu  asielinneg  wazenldanslunisudnieniueadnn
nszuunsUuanmuasgesmendululasin AMasmnisuaneniuea 1 803 (Anuusansiesas 95)

318017 USanaudild Algae (31A7)

1. msUuanw

— Waenduuzin 882 N3y -

— Fuld 6.7 ans 0.08

— s 0.12 vae 0.20
2. N3visin

— gadunil 70.56 N3 4.58

— wenlandly 25% (USU pH ) 0.335 ﬁlm 2.47

— lyisi 0.77 ANuY 1.31
3. Manduiiuauuigrsieniueaidudosay
95

— wiv 1.60 v 272

37U 11.36
Ve i ingAuiudenduissn Ganudeldunswdoisdmivenannssudulzn
nszUeg)

M1951991 25 wanen1siUseufisuauulunisndneniuean e Ianwaneeiu 9 4 wuy

" , . , . AFYUIUNTT
NsUSUANINLLaT D MsUTUANNILaEeas | A1SUSUANIN .
v A aeda 1w v oA ae . . | Usuanmuas
S8MS lngldqdunsdnieguan | Ineldgaunsduuauy | wavdeslaeld | |, ,
Y 9
“ o I . ) gR8AILARU
vuUaendulzin Jeivameguad voulai
Tulasian
FunuluNISHER
! - 23.31 25.14 64.81 11.36
(U W/a919)
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= ™ = Y a v oo a o
A1 26 NSLUTIUNEUVDA-VBLALUDINTLUIUNITNEANS 4 LLuU

sUkuUNIg
s | w@edenu . A .
YUNBUNITHARN , 497 YLde
nseay
Ae
a a 6
AUNTE
SITUVIRA
=] (7 v = 1 v
vuaen | - lusesldanswiilunisdey - Toszeganuulunns
Wunsd | - Tumeunisailiunisgesliegeenn g0
vudden | - MgamgivestieUssndandnu | - Wiiana3aadides
FIUAUUY
uus
AMsUSUanIN - eulsiiAusnwenn @
waztion v fowwdifufionngl 5
- Tdnanlduu y
. o . o IR
wulel | - UAsefianudumziangas il
Sa ¥ ol - 1G9
lonARUINNaS AT A 5 y “
v - Tanslunisusuanudu
AARIUIA
4 - ldanteeiian
ARU Jrsdomnd
- Ussndanasany -
Tulasian . ,
- lddadldasaiiluniseoe
a a6
AUNTE
_ . - SEEEAUNY
5550118 | - THUSuubadies oy ad
“ - 9NN NAININIGD
yuLlann T
a a6
AUNTE
RIGER .
. - THUSunudadties - SEEEIAUNY
SAUUUY
ANSIRLN vuuda
- Teganusunaunn
BRI - - Tanslunisusuiies
170
y - lonumgiimlunisniingredsenda
AAU . v e w
NAIU - TdUsunaudadraudnaun
Tulaston .
- leUSunaen ueaun
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= ~ a a av v Yo a a
AITNN 27 L‘UTEJ‘UWlEJ‘UN@Na(ﬂL'ETV]']u@amlﬂ"U']ﬂﬂ"lii%?@ﬁ]ﬂ‘U?jUﬂ@'Ng]

Tgeu (FBnsuTuanmuazdes) NANGR 91984
(Fnssiosiu)
Wienduuesn (Rauvsdunildendulzsn) 710
Wasndudgsa (Rauvsduudendulssnsiuiuaunsd 610
vurunluagiununens) o X
Wasnduuzaa (oulw) 99 Mk
Wasndulysn auazaidulalagiam) 1,134
Wiennae (REuvsguuuionnaie) 480 aflung (2555) [18]
wnugalwe (oulel) 466 Y5anual (2556)
[12]

unudnlne (@sduniduazadululasiam) 616 atlung (2557) [9]
Waennde (aseduniduazadululasiam) 403 dtlung) (2555) [18]
o8 (asefurdsuasiadeslvianuion) 70
Sudends (ansefluviduazialodiiinnuew) 160 Suthamma (2007)
nnthaa (@seduviduasaedimiudon) 240 [19]

vasnldanngivnzandniumminuds sshwandndinveanarannvsinildlusing
inauuTans dielildauuianslidesninfosay 95 lagagrinisndulagliiniosndunuy
Packed-Column #1iA21%ge 50 lwufituns ndulon1u Molecular sieve ¥iin 4A U539 Packing Y19
0.5 i Mgumgilunisndu 85 esmwaidoa neldanuiuusssrnie enisseznalunisndu
wovnuealiiuianidosas 95 Usua 1 Ans wui1 Msveznalunmandutssanm 30 uidl fiddslain
600 ¥ast Gedeyaitlétiargninlulilumsussnamsanlnihdmiunsndufinnnuuians

mMasuisunandedilduazduulunisadaieniueaiis 4 33 wansreanBondennsed 21 -
26 wuinnsuSuannuazdeslngldeaululasnvuaynsndledadauuils Wwamamﬁmﬂﬁqﬂ 1,134
dnsmadiu danldiglunsndn 11.36 vmseding sesaunAensUTuanmuasgeelagldadunidniy
sssumATliegudruudendutzsn fie 710.71 Anssiesiu uazlddunulunisndn 23.31 Unsedns dq
agwiuldidunulunisndadiniinsuivaninnazdeslagldioulsl Ae 64.81 umdedns uagnsle
oulaigalvinandn loynueaiitiosnin Ae 98.68 Ansresu lasamsaaguliin madenldnig
Usuanmuazdeslagldndululasiom msizlduandnieniusadigs uazdunulunisndndia uazain
M350 27 azuiuldiringAudendulsadmnumnzauioginnndaieniuea iesanaiunsnli
waldlomuoamnnitingiuaun
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agUnan1Ideuasdolauaue

1. #5UNan15IeY
1.1 nsTeiasfusznauvasliandulzan

aunsaazulad Waendulzsaiessuseneudnilvgidunslulawnsaromn (Total
carbohydrate) dasunduleagsng Aniduiesas 84.51 (fedmnaseg i) Wussdusznoudinyi
wandlidiuiemnumnganlumaduingiuiiensdaieniuea wazesdusznoududl wu uwh auduy
guassadmiunstostiiondminnatiog Usuntion
1.2 msuiuanmuastay

1.2.1 msﬂ%’uamwLLaszasJImsJmﬂﬁﬁaﬁums‘]ﬁLﬁmsuul,aﬂmaﬁismwauumﬁaﬂé’wm

Y a

anmefvnzanlunsuiuanmuazdeslngltaduvidiloguinuuddendulzn fe THuUinal

q
[y

Waenduuzsa 141 n3u sie 11 1 ans Wuszezna 5 Ju aldimasing 0.58 nfusedns wasusuna
dhmnavivun 135.43 nfusedns

122 msvdvanmuazgoslagliaduvidssmmnavudendussnsiuiugaundduuyuniien
RYTUMUARNEY

amavﬁmm%ﬂumaﬂ%’uamwLLa“sJ'asﬂmsfl%mumﬁaﬁwmmaué’a fio Wsuumﬁaﬁwmmmﬁ”a 5
M sanduntlnaldandudssa 1:3 ‘Uimmsuumﬂawamﬂaaﬂawwsm 153 n3u sio 11 1 Ans 19
svovnailunisdes 1 Su axldthanaisng 2.07 nSudedns uavinmanavun 389.33 niusedns

1.2.3 msdsvanmuazgeslagldiouly

anmsfiunzanlunsuivanmuasdeslagldiouloiuoar-ozluea A 1USunameules
woan- azlmaa 188 U slonfuidenduizsn Ysunauudenduizsn 160 ndu sie 11 1 ans v 5.5
mumammm 70 esrwaldea Wusvovnan 4 $alus azlduSinanhanading 27.37 nSusedns
USinashanarianun  630.56 nSuredns wazgorameouludinglaesluna 120 U sensuiden
dutzan ey 3.5 gaunnll 70 ssrwadea Jussezoan 4 Flag lﬂﬂimmmmaim% 48.16 NSuUAB
ans uavUSunanimansun 549.35 ndusedns

1.2.4 nsUSuanmmisunisgesdeindanlnenislianudeuninadulalasim

anmzfmnzanlunisuuanmdendulesaseidanlnensldanudousinaaululasiom

Ao USinanudondulsn 132 nfusern 1 Ans Adslaidh 90 Sad wazalunsuSuanin 12 i
ansolinanan U IT U maIing 13.18 ndudedns warUSunamaaiun 276.35
NSURDENT
1.3 n15usin

1.3.1 nsndinnandandinsusvaninuazdeslaenisldadunidsssumfvuaendulssn

anmefvnzanlunisuiuanmuazdeslngldaduvidntioguiruudendulzan uasninlngld
fadnunily Ao HUsinadaduuuileiosar 2 Taetmiln filoy 4.5 guugfl 40 esmisadea uas
syezlianlun1sudn 8 1u azlausunaueniueasesay 5.38 lnaUsuing
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a

1.3.2 nMsndinnandandinsusuaninuazdeslagliaduridsssunnvudendutssniuiu
duvdduurn s Tununeng

anmegimnzalumsuiuanmuazdoslaglivuatisinuneigudy 17 fu uazmiinlaglddas
yuuls e MHUTuBaduuntsdoray 3 Tnstmiin fiow 6.4 gamgdl 30 ssmisaifea uazsvozinaily
nsvidn 8 Ju azlduTinanenueasesay 4.07 lngusuing

1.3.3 nMsndinnandanasnsusvanimuasgeslngldiouled

anmegimnzailumsuiuanmuazdoslagliiouls wagnminlaglddadouuts Ao TdUTanw
fadnuuilefosar 6 lasdwiin few 5.5 gumgll 35 ssmueailia wassveznalunaviin 5 Yu awld
USinaenueasesay 1.10 lngusuing

1.3.4 msvsinnandsmdsriunsuivaninuazgesiudendulzsadoadululasim

anmefiomnzaufe sidunswindefievduiu 6.5 Binadadiesay 8 Tnetniin gumnd 30
sarwaded WWussezian 2 Ju vilildusinaseniueasovas 6.65 lngUsunns
1.4 nsuAnwHULEe

usiudelomilildasifnannsainmndundnsusiielinaununszavanls el
FunmunssdlnalAesiy  wasmnseansiaunly  nszanuvienan  nszenwvieveswdy  uay
nszawianiiou doddansifuiinmuiumuunssis
1.5 nmaSsuiisuten-taide wazn1sussanaiuuMsHaneIUea

nmsUsediuduyudowiu annsnagdlased

151  msuivanmuazgeslagliauvidnussmumnaiifiegudruudendutysn wagninde
fadivunts (Baker's Yeast) anunsowdnievuealdunndign 710.71 Anssedu flaldanelunisndn
23.31 UNFDENT

152  msdfuanmuazgeslagliqdunidanuuuiliiaeiununeny  wazviingheBaduuntl
(Baker’s Yeast) l¢nandnioniusasnniian 609.76 anssiosiu faldanelunisndn 25.14 vmsiodns

1.53  myvSuanmmeieuluivearh-evluea desmeieulainglaezluaa uasnlinlagligas
yuntht (Baker’s Yeast) vinandnieniusasnndign 98.68 anseiasi slaldanelunsndn 64.81 umsio
ans

1.5.4 nmaviinAenduissadenslidaduuuilaishunisuiuanmuazdesdothuarlif
waw%mamuaaiﬁmﬂﬁqﬂ 1,134 ansnesu danlga1elunisuds 11.36 Unaedns

FBivmnzavlunsudmemuoannudendulzaadenszuiunmuauideife  mslditnsg
Uuanmuazmisgesseinlamiaunsliauiouseadulalasnm wagvdinaedanvuuds
dosmnliimamandnenueaiigs Arldanest iugadliianmiefionamanums aunsnada
madenlmilunssdmenusarmemaluladuuuiismueslsoiisiue Tfuundnd Uasadosde
fuan Wullnsredaunden esanlsifinisldnga-ana liiavesdelunszuiuns wagilaundululs
Tugondyd  mwgsenisudaszaugaavnssy  wisgslsimunsliisnisusuanimuazgessie
QAuvAdsssunAuuUAendulsaliudnmadenvilsivny funisnanseiugay lesanddiuns

82



a 1 ¥ al P2 ¥ 5 o I aa 1 o a a ¥ a
nandny wiazdalganeanulnilluduneunisveinuinnidsiulasn wirinadunisuanseusuiu
1NNTUILANNNTDANANLYINURDNUIUNANANLDNIUDA LS

2. Sorauanuzlunisindsead
2.1 msUsvanmuardeslaglioulesl msdnwnisidonslSnanananimanouiivstilunindue
NUea

2.2 fAnwnsthee-nsneliuvadeiinaun uldluduneunsuSuanmuazdosmenaululasin Wedae
TunsiiuUsinaanasing

2.3 AnwimswanioyueaaningAuviiedun

2.4 AnwnsliTaruiindu wSevinsuensesiodetaries

2.5 Fnw3Snswinuuuiiens (Semi-bath) Fso199zlsinandn uaznalafinay

1%
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AMARNUIN

1. M5AATIEHIINUSUIALIN1a3A29 (Reducing sugar) 1835 Modified Dinitosalicylic

Acid (Miller, 1959)
1.1 Asm3ENaIsazane Dinitrosalicylic Acid
Usgnoumeasialinigeneseluil

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

Foladvulensonledivsunm 5 0%y azareluiinduusuins 400 fadans a1nvuLiy
Dinitrosalicylic Acid USsneu 5 53 HueaUSuia 1 n5u luneudalvyiuSunu 0.25 n5u luneulansen
lasusuna 5 n3u waglaioulnunadounsmaUsunas 100 n3y antunaliidrfugie Magnetic
Stirrer USuUsunmssmevinusuddunnsidu 500 faddnsmeniinau asavansezidnvasdudindes
#ula
1.2 msa%’wnsqwgnm'sgﬂwaqmiazmﬂngiﬂﬁLﬁa"h’ﬂumﬁmiwzﬁmﬂ'%mmﬁ'lma'%aw‘iums
79814

1.2.1 MIwsELaNTara1euInIgIUngLaa

(1) W38y Stock ansazatenglaaAuluty 1,000 Tadnsuseding Usuns 100 1addns lag
Fsnglaauianm 0.1 n$u MnduUTuUsInesfeindudu 100 Tadans

(2) WTguaITAzaI8NINTgIUNgLAaAI1NLTLYY 100, 200, 300, 400, 500, 700, Lag 1,000
fadnTusiedns lneUie Stock a1sazatenglaanduiuduy 1,000 dadnsusedns Usung 1, 2, 3, 4,
5,7 uay 10 Jadans Mudsu antuliulsmsssthndwdu 10 Jadans

1.2.2 Sunsumslieneiansaranenglaaiioainensininsg
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Abstract. Alpha-amylase is a potentially useful enzyme for the pretreatment and pre-hydrolysis
(clarification) of pineapple peel. The clarified products contain sufficient glucose content for
ethanol fermentation. The influences of quantity of the peel to water (10-16 %w: weight of peel to
weight of water), alpha-amylase amount (100-240 U/g: U 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 g/L of the highest glucose concentration, the clarification is to be
performed by 16 %w peel to water, 188 U amylase/g, 5.5 pH at 70'C for 240 min.

Introduction

An interesting alternative energy source from biomass is ethanol [1,2], because its properties are
similar to those of benzene fuels. The production cost of ethanol can be reduced with low-cost
feedstocks that are agricultural products or residues (e.g. corncob, banana peel and pineapple peel)
[3.4]

Alpha-amylase enzyme is widely employed in many industries which aim to hydrolyze a starchy
biomass. The agricultural residues, as raw materials for the ethanol production, are mainly
composed of cellulose and starch that can be effectively 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 this research. We are intended to consider the optimal condition
(quantity of peel to water, enzyme amount, pH value, temperature and time) for clarification
process of the pineapple peel (an agricultural residue) by using RSM.

Materials and Chemicals

Pineapple peels from Phu Lea pineapple, Phuket species, that is cultivated in Nang Lea district,
Chiang Rai province. The nutritive values per 100 g of the peel are 84.5 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 Hat Yai district, Songkhla province, Thailand.

Alpha-amylase from Aspergillus oryzae (30 U/mg) was purchased from S.M. CHEMICAL
SUPPLIES CO.LTD. (Catalog# 10065-10G).

Ammonia solution (25%v) used for adjusting the pH of the studied mixture and DNS (3,5-
dinitrosaliccylic 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 cut to small pieces and then crushed to a size of 2-3 mm. The crushed
peel in clean water was clarified using the alpha-amylase enzyme under various conditions in 250
mL screw-capped bottles, 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, 100-240 U/g of alpha-
amylase amount (U of amylase to g of peel), and 5.5-7.0 of initial pH by ammonia solution buffer,
70-100°C of temperature and 60-240 min of time. After the investigation in each condition, the
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clear liquid in the clarified products was obtained from filtering through fabric, and then the glucose
(reducing sugar) concentration in the liquid product was analyzed by UV-Vis spectrophotometer.

Analytical Method

DNS method [6] was used to determine the glucose concentration in the clarified products on
spectrophotometer (model HP 8453 with UV-Visible ChemStation software) at A = 520 nm. A
previous calibration was applied for determining the glucose concentration.

Experimental design and Optimization

An optimal variable level was determined using central composite design (CCD) for the
clarification process. Independent variables, that were investigated, were %w of peel to water (X,
g/g), alpha-amylse amount (X,, U/g), initial pH (X3), temperature (X4, C), and time (Xs, min) . A
dependent output variable was glucose concentration in the product (Y, g/L). From Table 1, 29
experiments were carried out to optimize the variables level for an optimal condition of the
clarification process.

Result and Discussion

Optimization of the five variables

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

prediction
Experimental | Predicted
Run Xy X, X3 X4 Xs glucose concentration [g/L]
no.
1 16 170 6.3 85 150 22.0 21.9
2 12 205 6.6 93 105 9.6 10.4
3 13 170 7.0 85 150 12.8 10.7
4 15 135 6.6 93 105 11.4 11.9
5 13 170 6.3 85 150 17.4 14.4
6 13 100 6.3 85 150 9.6 9.4
7 13 170 5.5 85 150 15.1 16.2
8 12 205 6.6 78 195 10.6 11.4
9 15 135 5.9 93 195 20.0 19.6
10 15 205 5.9 93 105 15.6 15.4
11 12 135 5.9 78 195 14.8 14.7
12 13 170 6.3 100 150 12.1 11.7
13 15 205 5.9 78 195 21.9 21.7
14 13 170 6.3 85 60 17.5 16.8
15 13 240 6.3 85 150 12.1 11.3
16 12 135 6.6 78 105 14.1 14.8
17 15 205 6.6 93 195 12.7 13.2
18 12 135 6.6 93 195 8.4 9.0
19 15 205 6.6 78 105 21.0 21.7
20 13 170 6.3 85 150 12.3 14.4
21 15 135 5.9 78 105 19.2 19.0
22 13 170 6.3 85 240 16.8 16.5
23 15 135 6.6 78 195 12.7 13.2
24 12 135 5.9 93 105 10.5 10.4
25 13 170 6.3 70 150 19.0 18.4
26 10 170 6.3 85 150 13.2 12.3
27 12 205 5.9 93 195 13.2 13.1
28 12 205 5.9 78 105 13.4 13.5
29 13 170 6.3 85 150 12.4 14.4
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Fig. 1 Response surface plots of (a) %w of peel to water and alpha-amylase amount; (b)
temperature and alpha-amylase amount; (¢) pH and alpha-amylase amount; (d) time and alpha-
amylase amount; (e) temperature and %w of peel to water; (f) pH and %w of peel to water; (g) time
and %w of peel to water; (h) time and temperature; (1) pH and temperature; (j) pH and time.

The effects of %w of peel to water, temperature, amylase amount, time and initial pH on glucose
concentration in the clarified products can be utilized to generate response surfaces which can be
fitted with Eq. 1.
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Y =-160.21 +35.41X; +0.04391X, +48.94X; +0.211X, + 0.213X5 + 3047.1X,> -0.00082X,>-
1.614X5%+ 0.0031X,% +0.00028X5°+1.06X, X5 -107.78X, X5 -2.167X ;X4 +0.0648X X5
+0.03667X-X; -0.00126X,X4 -0.000076X-Xs -0.140X5X, -0.08481X5X5+0.00276X,Xs (1)

From Eq. 1, the variable coefficients of X, X;, X3, X4, and Xs point the priority of the variables.
These are more than those of the interaction coefficients of X; X5, X X3, XXy, X1Xs5, XoX3, XXy,
XX, X3X4, X3X5 and X4Xs, and those of Xlz, Xzz, X32, X42 and X52 which are a linear relationships
rather than curves.

In Table 1, the experimental values of glucose concentration conform with the RSM 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 of the effect of %w of peel to water (or starch concentration) and alpha-amylase
amount on clarification process, experiments were carried out at %w of peel to water ranging from
10 to 16 and quantities of amylase ranging from 100 to 240 U/g for 150 min with an initial pH of
6.3 at a temperature of 85'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 amount ranging from 140-240 U/g at %w of peel to water the ranging from 15 to 16
(Fig. 1(a)).

The interaction effects of temperature and alpha-amylase amount
Fig. 1(b) shows the effect of temperature and alpha-amylase amount on glucose concentration. The
clarification experiments were performed at various temperatures in the range of 70-100'C and
amylase amount of 100-240 U/g for 150 min at a 13 %w of peel to water with a pH 6.3. It was
found that there was no improvement of glucose concentration with increasing temperature.
Similarly, further increase of enzyme amount more than 210 U/g did not increase the concentration
of glucose. The fair optimum temperature and enzyme 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
In order to study the effect of initial pH and amylase amount on the clarification 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 peel 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. 1(c)). To get an
optimum glucose concentration the clarification should be operated at a pH in the range of 5.5-6.2
and an amount of amylase in the range of 100-208 U/g.

The interaction effects of time and alpha-amylase amount
Fig. 1(d) shows the effects of time (60-240 min) and alpha-amylase amount (100-240 U/g) on the
clarification process at 85°C with a 13 %w of peel to water and a pH of 6.3. The results implied that
the clarification should be not carried out for a time in the range of 85-140 min. However, it should
be carried out with an amount of amylase in the range of 120-225 U/g to achieve a high
concentration of glucose.

The interaction effects of temperature and %w of peel to water
The clarification was investigated at various temperatures ranging from 70-100'C and %w of peel to
water ranging from 10 to 16 for 150 min using an amylase amount of 170 U/g and a pH of 6.3. It
can be seen in Fig. 1(e) that the glucose concentration was raised when the %w of peel to water was
increased. But temperature was to be decreased. To reach the maximum content, this process may
be operated at 70 'C with a 16 %w of peel to water.

The interaction effects of pH and %w of peel to water
Glucose concentration of the clarification process in ralation with initial pH value and %w of peel
to water is shown in Fig. 1(f). The optimum conversion was achieved with the pH value in the range
of 5.5-6.5 and %w of peel to water in the range of 15-16 for 150 min at 85°C and an amylase
amount of 170 U/g. In addition, the results indicated that further increase of pH value (> 6.5) did
not increase the concentration of glucose.
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The interaction effects of time and %w of peel to water
Fig.1(g) shows the effects of time and %w of peel to water on glucose concentration at 170 U
amylase/g, 6.3 pH value and 85 C. The formation of glucose was increased when quantity of peel to
water was increase. However, the increase of time did not increase the concentration of glucose.

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

The interaction effects of pH and temperature
Fig. 1(1) shows the effects of pH value and temperature on glucose concentration at 13 %w of peel
to water, 170 U amylase/g for 150 min. The formation of sugar content would be increased when
pH and temperature were reduced. This alpha-amylase enzyme could be active with relatively
acidic condition (pH~5.5).

The interaction effects of pH 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 U amylase/g and 85 C. The pre-hydrolysis yield was increased with an increase in time.
But the yield was decreased when the pH value was increased. The clarification should be operated
with a pH in the range of 5.5-5.8 for a time in the range of 200-240 min.

Summary

The clarification process for the ethanol production from pineapple peel before saccharification and
fermentation processes was optimized by RSM to determine an optimal condition. From the
investigation of the 5 important variables (%w 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 amylase amount, 5.5 pH value at 70'C
for 240 min, is 31.8 g/L. This glucose result demonstrates that the clarification pretreatment and
pre-hydrolysis, 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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Abstract.The microwave pretreatment of pineapple peel for ethanol production was optimized by
RSM (Response surface methodology). Three variables, which were studied, were peel to water
ratio (100-160 g/L), microwave power (90-900 watt) and time (5-20 min). The optimal condition
for reducing sugar production was 132 g/L peel to water ratio, 90 watt for 12 min that provide the
10.4 g/L othighest content. For total sugar production was 160 g/L ratio, 90 watt for 20 min that
gave the optimum content of 579.9 g/L. This microwave pretreatment without a reagent could
achieve the satisfied sugar content for ethanol fermentation that led to save time and energy
consumption.

Introduction

Agricultural residues, the plentiful and unusable biomass in Thailand or other agricultural
countries, can be used as alternative feedstocks for the ethanol production [1].

Peel of fruit, the residues left from canned fruit processing industries and fresh fruit shops, is the
one of the agricultural residues. The production of fuel ethanol that used agricultural residues as raw
materials requires the expensive pretreatment transforming the residues to fermentable sugars[2]
because of a complex multi-component structure of the residues.

Microwave pretreatment is an efficient method [3,4] which can save energy consumption and
can operate easily. Besides the hydrolysis of cellulosic materials in water solution could be
enhanced by the microwave pretreatment.

The aim of this work has to evaluate the efficiency of microwave pretreatment of pineapple peel
without the use of a reagent. The effects of peel to water ratio, microwave power and time on sugar
contents in pretreated product would be investigated by RSM (Response Surface Methodology) [5].

Materials and Chemicals

Materials
Phu Lea pineapple peels (Ananascomosus (L) Merr.)wasobtained from a fresh fruit shop in Hat Yai,
Songkhla, Thailand. It was cut and crushed to a size of 2-3 mm. The composition of the pineapple
peel used for experiments are presented in Table 1.

DNS solution, that was the mixture of 1% dinitrosalicylic acid, 0.2% phenol, 1% sodium
hydroxide, 0.05% sodium sulfite and 20% sodium potassium tartrate, was purchased from C.E.G.
Science & Service Limited Partnership.

Table 1Components of Phu Leapineapple peels.

Components Analytical Method Yo W

Protein AOAC (Kjeldahl Method) 1.42

Crude Fat AOAC (Soxhlet extraction Method) 0.08

Moisture AOAC (Loss on Drying at 95-100 °C) 84.89

Ash AOAC 0.84

Crude Fiber Fiber analyzer (ANKOM200) 10.20

Total Carbohydrate Calculation 12.77
Energy Calculation 57.48 kcal
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Experimental Method

Thecrushed pineapple peel was pretreatment in deionized water without a reagent (such as
acid/alkali/enzyme). However, the peel heated by microwave method in the presence of water,
could be pretreated and hydrolyzed in a single step. This step was carried out in 2 L. beaker with
peel amount of 100-160 g in 1 L of deionized water at microwave power of 90-900 watt by using a
domestic microwave oven (LG TIANJIN Model WD 700 with a frequency of 2450 MHz) for 5-20
min. After the pretreatment and pre-hydrolysis, the product was filtered to separate the liquid
fraction for analyzing reducing sugar and total sugar contents by UV-Vis Spectrophotometer.

Response Surface Analysis

The importance of peel to water ratio (X;, g/L), microwave power (X,, watt) and time (X3, min)
was investigated by using the central composite design (CCD). A five-level, three-factor factorial
central composite design led to 17 experimental runs (Table 2).

Table 2 Experimental conditions and sugar content.

Run no. X, X, X, Reducing suga;;/L ]| Total sugar
1 130 450 20 4.3 245.2
2 160 450 13 6.3 295.3
3 130 450 5 7.0 222.8
4 130 450 13 8.3 178.1
5 148 720 17 6.2 225.3
6 148 720 17 8.0 224.9
7 112 270 8 7.5 210.7
8 130 900 13 6.2 250.2
9 112 270 17 7.5 276.3
10 130 90 13 9.9 273.8
11 130 450 13 8.3 178.1
12 130 450 13 8.3 178.1
13 148 720 8 9.1 260.6
14 112 720 17 4.0 204.3
15 100 450 13 3.5 243.0
16 112 720 8 5.5 269.8
17 148 270 8 9.3 226.1
Analytical Method

Reducing sugar and total sugar were determined by DNS method [6] using a double beam UV-Vis
spectrophotometer with UV-Visible ChemStationSoftwave (Model: HP 8453).

Previous standard curves of the reducing sugar, assayed in the term of glucose, and the total
sugar were applied for the determinations of the reducing sugar and total sugar contents in which
the transmittance values were measured at 520 nm for the reducing sugar and at 490 nm for the total
sugar on the spectrophotometer.

Results and Discussion

Components of the Pineapple Peel

The analytical analysis of the pineapple peel used in this study is shown in Table 1. A major
significant content of the peel is 12.77% total carbohydrate in which is the combination of fiber and
starch. This starch could be easily hydrolyzed with water to form the fermentable sugar or reducing
sugar. As a result, the sugar contents could be considered to be the desired product for this
pretreatment and pre-hydrolysis. Advantages of pretreatment with pure water without a reagent
(acid or alkali) are the reductions of water consumption (No water washing step) and buffer use. In
addition, the production without a water washing step could keep the sugars for the ethanol
fermentation, that may not have to go through the hydrolysis step.
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Fig. 1 Contour plots of peel water ratio and time on (a) reducing sugar content and (b) total sugar
content at 495 watt.
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Fig. 3 Contour plots of microwave power and time on (a) reducing sugar content and (b) total
sugar content at 130 g/L of peel to water ratio.

Effects of microwave pretreatment on sugar yield

The effects of peel to water ratio and time on reducing sugar content (Fig. 1(a)) and on total sugar
content (Fig.1 (b)) for the pretreatment at 495 watt microwave power. The results showed that an
optimum yield of reducing sugar could be obtained by using a ratio in the range of 130-150 g/L for
7-12 min while that of total sugar could be getten by using a more ratio (150-160 g/L) and a more
time (17-20 min).

The effects of peel to water ratio and microwave power on reducing sugar content (Fig. 2(a)) and
total sugar content (Fig. 2(b)) for 11 min. These implied that the microwave pretreatment should
operated at 90-130 watt with 130-140 g/L ratio that gave an optimum content of reducing sugar.
However, a satisfied content of total sugar was not received when this process was performed at
110-140 g/L ratio for all microwave power.

The effects of microwave power and time on reducing sugar content (Fig. 3(a)) and total sugar
content (Fig. 3(b)) at 130 g/L of peel to water ratio. To obtain an optimum content the pretreatment
should be carried out at a microwave power in the range of 90-130 watt for a time in the range of
10-15 min for reducing sugar, and at a power ranging from 90-130 watt for a time ranging from 15-
20 min or 800-900 watt for 5-7 min for total sugar. The total sugar results indicate that the use of
high power led to the reduction of time while the use of low power led to the increase of time.
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Optimization of Pretreatment Condition

Reducing sugar (glucose) content in the pretreated product is predicted by Eq. 1 that provides a 10.4
g/L of maximum glucose content with 132 g/L of peel to water ratio, 90 watt of microwave power
for 12 min of pretreatment time.

Reducing sugar content = —51.49+0.827%X,-0.01743*X,+1.393*X3-0.00298* X, *X+3.49212E-
06%X,*X,—0.03381*X3*X3+0.000111%X;*X,-0.00413*X;*X3— 0.000371*X,*X5(1)

The prediction equation of total sugar content is described as Eq. 2. To obtain the desired content
the pretreatment is to perform with 160 g/L peel to water ratio, 90 watt power for 20 min that give
the highest total sugar content of 579.9 g/L.

Total sugarcontent = 1867.6-25.12*X,+0.07555*X,—18.45%X5—0.09779* X, *X;
+0.000512%X,* X5+ 0.940%X3*X3-0.00167 *X;*X,+0.09128*X*X3-0.03220*X,*X3(2)

The results indicated that the significant variable effected on both sugars were microwave power.
To achieve an optimum sugar yield, the pretreatment had to operate at low power (90 watt).

For the influences of peel to water ratio and time on reducing sugar. The pretreatment needed an
appropriate ratio and a sufficient time. Further increase of ratio (>132g/L) or time (>12 min) did not
increase both sugar concentrations. However, total sugar was dependent on both ratio and time.
Total sugar concentration was increased when ratio and time were increased.

Summary

The microwave pretreatment of pineapple peel using pure water without a reagent at atmospheric
pressure could provide sufficient fermentable sugars for the ethanol production that may reduce
hydrolysis step. The production cost of ethanol would be economically competitive with petroleum-
based fuel with low cost feedstock (agricultural residue), less material use (no reagent and no
washing water), save time and energy consumption (microwave heating).
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