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Microwave Application for the Ethanol Production from Pineapple Peels
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Peels
Author Mr.PhubetPongsuwan
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Academic Year 2014
ABSTRACT

Pineapple peels, An agricultural residue, were used as the feedstock for the ethanol fuel
(renewable energy) production that could reduce waste from the production two pretreatment and
hydrolysis processes by using pure water and using alkali-acid organics (Sodium bicarbonate-
acetic) were compared. Then fermentation using baker’s yeast was also studied. Experiments
were designed and investigated by Response Surface Methodology (RSM).

The first water pretreatment-hydrolysis method could be divided to water pretreatment
step that studied factors were pineapple peel amount of 100-160 g to 1 L of water at 100-900 watt
microwave power for 5-20 min and hydrolysis step that the pretreated products were heated at
100-900 watt for 5-20 min. The results indicated that the pretreatment and hydrolysis using pure
water without a reagent could be done in a single step that proceeded with 132 g of peel to 1 L of
water at 90 watt for 12 min. This provided 13.180 g/L of reducing sugar product. For the second
organic alkali pretreatment-acid hydrolysis method, important factors for the pretreatment were
peel amount of 100-160 g to 1 L of alkali solution (baking soda solution) with alkali
concentration of 1.0-2.5 M at power of 100-900 watt for 2-20 min, and the important hydrolysis
factors were acetic acid concentration of 0.5-2.0 M at 100-900 watt for 2-20 min. The optimal
pretreatment was using 140 g peel to 1 L alkali solution with 1.59 M alkali concentration at 450
watt for 10 min. This could be obtained 8.520 g/L reducing sugar, then the pretreated products
were hydrolyzed with 0.5 M acetic concentration at 900 watt for 11 min that achieved 7.850 g/L

reducing sugar.



®)

After that the optimal pretreatment-hydrolysis products were fermented by baker’s yeast.
Significant were investigated with 4.5-6.5 of initial pH using 2-8 %w of yeast at 30-40 °C for 2-8
day. They were found that the optimum for water method was 6.5 pH, 8 %w yeast, 30 °C and 2
day which gave 6.650 %v ethanol product, and the optimum for alkali-acid method was 6.5 pH, 8
%w yeast, 30 °C and 2 day which provided 1.990 %v ethanol.

In addition, production costs of 2 methods were estimated. The 95 %v ethanol production
using pure water method expended 11.19 baht/L and yielded 1,134 L/ton (L ethanol to ton peel).
As using alkali-acid method was 56.58 baht/L and 252 L/ton. It was shown that the first method

could be developed into commercial production.
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Inlet temperature
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Carrier gas

He,flow 44.6 ml/min, Split mode 2.0 min

Oven temperature
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200 °C held for 6.3 min
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Furzsalui (3ad) (1#) ECRL] wanua
ans (NSuAans) | (NSuADANT)
(NSUADANT)
1 148 720 17 6.2288 210
2 130 900 13 5.4385 260
3 112 720 17 4.2481 213
4 112 720 8 6.4077 250
5 148 270 8 9.2962 182
6 148 270 17 8.0250 244
7 130 90 13 9.2942 289
8 130 450 20 4.3250 234
9 112 270 8 8.4212 194
10 130 450 13 8.2865 178
11 148 720 8 9.0904 250
12 130 450 13 8.2865 178
13 112 270 17 7.4962 276
14 130 450 13 8.2865 178
15 100 450 13 2.7404 243
16 160 450 13 6.2577 315
17 130 450 5 6.1692 262




113

. 12,000 -

'l

&

@ 10.000 - *

=

=

i

S 8.000 -

=

=

= 6.000 -

=

€ 4.000 y=0.9126x+ 0.6131

= . - 2 _

"E * R2=0.9126

& 2000 -

e

=
3o 0.000 T T T T T ]

0 2 4 6 8 10 12

=4

MMasaIFINNMINAaRd (DFNeaANI)

A A o v 1 1 %’ AaAa P 9 A
ailszneui v-1 uaaslfauiusszrninansunanihmaiardi lannminaasaazain
1@vnnsihuneale 1151053 Essential regression ¥04nszuIumsdiuanmtldenduizsa

Y ' )
devinlarlasmslianudeuninaaululasn



A %’ aa o 901 g’; ~ 9 ] A [ 9
137190 U-2 LmﬂQiﬁu1mu1maﬁmwazmmamwuﬂﬂ‘lﬂmnmaa@mﬂaanﬁuﬂzmma

Y f [l
TaTasmsldanudounnaau lulas

msnAaeddi aa i al Binathma | Binanhiea
(3n4) (1#) ECRE Wanua

(NSuADAAT) | (NSUADANT)
1 270 18 5.2615 248
2 450 20 7.6769 215
3 450 13 7.5558 178
4 720 18 6.7654 190
5 90 13 5.3442 219
6 450 5 8.7346 193
7 900 13 4.5671 173
8 720 7 7.2692 198
9 450 13 7.8442 193
10 450 13 8.1308 163
11 270 7 6.3769 209
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(NFUNDANT) (uand) (NSUADANT)

1 130 1.00 450 11 5.8600 183
2 115 1.38 720 7 3.0969 248
3 115 1.38 270 16 2.4644 223
4 130 2.50 450 11 5.3558 229
5 160 1.75 450 11 7.9285 284
6 115 1.38 270 7 2.4150 147
7 130 1.75 900 11 3.5231 304
8 145 1.38 270 16 4.6463 200
9 145 1.38 270 7 5.1394 239
10 130 1.75 90 11 3.2423 351
11 145 1.38 720 7 6.1862 241
12 145 1.38 720 16 4.5048 222
13 145 2.13 720 16 3.3348 185
14 115 1.38 720 16 3.1692 196
15 130 1.75 450 11 6.5712 146
16 130 1.75 450 20 43077 360
17 115 2.13 720 7 2.9821 236
18 100 1.75 450 11 3.4919 173
19 130 1.75 450 11 7.4962 158
20 130 1.75 450 11 8.4192 171
21 115 2.13 270 7 3.3960 215
22 145 2.13 270 16 3.6592 223
23 145 2.13 270 7 3.6687 167
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1 1.25 100 11 3.68077 168
2 0.80 262 6 2.29033 218
3 0.80 262 16 4.06615 164
4 1.70 262 6 2.81923 203
5 1.70 262 16 3.45385 229
6 0.50 500 11 6.55192 195
7 2.00 500 11 4.03077 211
8 1.25 500 2 0.41038 145
9 1.25 500 20 0.42846 241
10 1.25 500 11 3.93058 198
11 1.25 500 11 4.02423 214
12 1.25 500 11 4.11788 231
13 0.80 738 6 3.74327 392
14 0.80 738 16 3.91288 361
15 1.70 738 6 0.64385 180
16 1.70 738 16 0.57481 231
17 1.25 900 11 3.93269 164
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M3INAADY QNN AN Wiow Vhnadad | 15uaueniuea
fi GNGIELICT)) (W) Uil (%1as1)31109)
(% Taerimiin)
1 30 5 5.5 5 4.9498
2 33 7 6.0 7 5.14931
3 33 7 6.0 4 5.05317
4 33 7 5.0 7 4.62001
5 33 7 5.0 4 4.10396
6 33 4 6.0 7 5.03328
7 33 4 6.0 4 4.93253
8 33 4 5.0 7 521198
9 33 4 5.0 4 4.99921
10 35 8 5.5 5 4.0822
1 35 2 5.5 5 3.92501
12 35 5 6.5 5 4.8512
13 35 5 45 5 4.50516
14 35 5 5.5 8 4.4801
15 35 5 5.5 2 4.49146
16 35 5 5.5 5 4.08391
17 35 5 5.5 5 4.12397
18 35 5 5.5 5 4.07207
19 38 7 6.0 7 4.84068
20 38 7 6.0 4 4.87317
21 38 7 5.0 7 4.95278
22 38 7 5.0 4 4.86953
23 38 4 6.0 7 4.0947
24 38 4 6.0 4 3.85667
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2 33 7 6.0 7 0.98082
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4 33 7 5.0 7 0.18713
5 33 7 5.0 4 0.12559
6 33 4 6.0 7 0.86207
7 33 4 6.0 4 0.6489
8 33 4 5.0 7 0.19872
9 33 4 5.0 4 0.11518
10 35 8 5.5 5 0.55191
1 35 2 5.5 5 0.29303
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13 35 5 45 5 0.02535
14 35 5 5.5 8 0.58979
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19 38 7 6.0 7 0.69289
20 38 7 6.0 4 0.55166
21 38 7 5.0 7 0.6647
22 38 7 5.0 4 0.76679
23 38 4 6.0 7 0.65898
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Optimization of microwave pretreatment without a reagent

of pineapple peal
Phubet Pongsuwan'“and Sininart Chongkhong™
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Prince of Sangkla University, Hat Yai, Songkhle 804112, Thailand
sphubat.gi@hoimeil com Besininari@yahoo.com

Keywords: Finsapple poaal, Pratreatment, Microwswe

AbsiractThe microw ave petreament of pineapple peel for ethanol prodection was optimized by
R5M (Respomse surface methodology ). Three warizbles, which were studied, were pesl to water
ratio (100-160 g/1.), microwave power (90-900 wall) and time (5-20 min). The optimal condition
for reducing supar production was 132 g/l peal to water ratio, 90 watt for 12 min that provide the
104 gL ofhighest content. For total supar production was 160 g/ ratio, 90 watt for 20 min that
gave the optimum content of 5709 ol This micrewave prerestment wilthout 2 reapent comld
achieve the satisfied smpar content for ethanol fermentation that led to save time and emeTpy

COnsImpEen.

Introduction

Apricaliural residues, the plentiful and umusable biomass im Thailand or other agriculiural
couniries, can be usad as altemative feedstocks for the ethanol productson [1].

Pzl of fruit, the ressdues kil from canned fmait processing industries and fresh fruit shops, i the
one of the agricultural ressdues. The production of fuel ethanol that wsed agricultural esidues as raw
mzierials requires the expensive pretreatment transforming the msidwes to fermeniable sugars[2)
hecans of & complex mult-component struciure of the Esidwes.

Microwave pretrestment is an efficient method [3.4] which can save energy consumption and
can operafe easily. Hessdes the hydrofysis of cellubosic materizls im waler solution could be
enhanced by the mécrow ave prete amment

The aim of this work has to evalese the efficiency of microwave pretreament of pineappie peel
without the use of a magent The effects of peel bo water ratio, microwave power and ime on swpar
conients in pezireatad prodect would be investigated by RSM {Response Surface Methodology) [5].

Materials and Che micals

Materials
Pl Lea pineapple pezls (Ananascomosmer (1) Merr. wasobtained from a fresh fruit shop in Hat Yai,
Sompkhila, Thailamd. It was cut and crushed to & sie of 2-3 mme The composition of the pineapple
peel used for experiments anre presented in Table 1.

DNS solution, that was the mixture of 1% dinitrosalicylic acid, 2% phenol, 1% sodium
hydroide, 005% sodivm sulfite and 20 sodium potassium tarirze, was parchased from CE.G.
Scence & Service Limited Parinership.

Tahie |Components of Pho Lecpineappk peels.
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Experimental Method

Thecrushad pincapple posl was pretestment in deionised water withoul 2 reagent (such as
acidfalkatiferyme ). However, the peel bealed by microwave method in ihe pesence of water,
could be peireated and hydrolyzed in a single step. This siep was camied oot in 2 L beaker with
pezl amount of 100160 ¢ in 1 L of desonized water &t microwave power of 90900 wan by using &
domestic microwave oven (LG TIANIIN Maodel WD 700 with a frequency of 2450 MH: ) for 5-20
min. After the pretrestment and pre-hydrodysis, the product was fillersd 1o separate the liguid
fraction for analyzing reducing sugar and todal sugar contents by V-V is Spectrophotometer.

Hesponse Surface Analyss

The importance of pe2l o waker rato (0, gL, microwave power (X2, watt)h and time (Xs min)
was investigated by using the central composie design (OCDE A five-level, three-factor faciorial
central composike design led to 17 experimental rums (Tabie 2.

Tabke 2 Experimental conditions and sugar conint.

Foun o X, X, X, E-:qum;m:.ll.r Todal sugnr
1 130 350 Hl 4.3 2457
2 150 450 13 ] 253
3 130 450 5 74 rarird
i 130 450 13 -] ITE.]
5 148 TH T ] 353
il 148 TH T -] 14T
Fi 112 m -] T5 20T
E 130 il 13 'F 1507
2 112 m T T5 ITh3
B 130 | 13 o ITix
11 130 450 13 -] ITEQ
L2 130 450 13 -] ITEQ
I3 144 THI - o1 Y
14 112 THI [P} 4.0 |
L% 100 45 13 1% 2430
Li 112 THI -] i% Pl
7 143 m -] ] 2241
Analytical Methad

Reducing supar and total sugar wene determined by DMNE method [6] using a dowbde beam UV-Yis
spectrophotameer with UV -Visible Chem5StatsonSoftwave (Model: HP B453)

Previous stapdard curves of the meducing supar, assayed in the erm of glucose, amd the iotal
sugar wenz applied for the deerminstions of the raducing sugar and total sugar contents in which
ihe transmittance values were measured at 520 nm for the reducing supar and at 490 nm for the total

sugar an the speciropholometer.

Results and Discussion

Componenis of the Fineapple Peel

The analytical amalysis of the pineappss peel wsad in this study & shown in Tabde 1. A major
sipmificant content of the peel s 12.77% total carbohoedrate in which is the combinastion of fiber and
starch This starch coudd be easily hydrobyeed with waer to form the fermentabie supar or reducing
supar. As A result, the supar conents could be considersd to be the desired product for this
prtreatment and pre-hydrolysis. Advantzpes of premestment with pare water without a eagent
(acid or zlkali) are the eductions of waker consumption (Mo water washing sep) and butfer us. In
addition, the production without a water washing step could keep the supars for the ethanod
fermentation, that may not have o po through the hydrolysis sep.



108

1058 Materials and Processes Technologies V

ot Lo o
" 20990
s Lo
o 5 FPevlbe maier - = o Pord 5 maber
e ' r~ow u —
ey ' ey
1R
TERRUBBITND ! ‘I)‘)Illll*l’llx'
Tha fuui} e juley

(a) (b)
Fig. | Contour plots of peel water ratio and tame on (2) reducing sugar content and (b) total sugar
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Fig 2 Coatour plots of peel water ratio and microwave power on (2) reducing sugar conient and (b)
total sugar content for 11 min.
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Fig. 3 Contoar plots of microwave power and time on (2) reducing sugar content and (b) total
sugar content at 130 g/1. of peel 1o water ratio.
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Effects of microw ave pretreatment on sugar vield

The effects of peel to waker ratio and time on reducing sugar content (Fig. 1(a)) and on total sugar
conent (Fig.1 (b)) for the pretreatment at 495 watt microwave power. The results showed that an
optimum yield of Rducing 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 wsing 2 mom ratio (150-160 g/1) and a more
time (17-20 min).

The eftects of peel to water ratio and microwave power on Rducing sugar coatent (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 /L. ratio that gave an optimum conenl of reducing sugar.
However, a satisfied content of total sugar was pot oeived when this process was performed at
110-140 /L ratio for all microwave power.

The effects of microwave power and time on mducing sugar content (Fig. 3(a)) and total sugar
conent (Fig. 3(b)) at 130 g/1. of peel to water ratio. To oblain an optimum content the preteeatment
shoald be camied out at 2 microwave power in the range of 90- 130 watt for a time in the range of
10-15 min for mducing sugar. and at 2 power ranging from 90-130 watt for a time ranging from 15-
20 min or S00-900 watt for 5-7 min for total sugar. The total sugar results indicate that the use of
high power kd to the reduction of time while the use of low power led to the increase of time.
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ptimization of Pretreatment Condition

Riducing sugar (glucoesa) contend in the pretresied product s predicted by Eq. 1 that provides a 104
L. of maximum glecos: content with 132 gL of peel to water ratso, 90 watl of microw ave pover
fior 12 min of pretreztment time.

REeducing sugar content = 51 49+0 827X 0,007 43* X+ 1. 30390 (L OD208 X *X (+ 1492 7B
0¥ Xz * M- O3B XX -0 1 15Xy * X001 3% X (L0371 X% X0 )

The prediction equation of totzl sugar content is described as Eqg. 2. To obtzin the desired content
ithe pretreatment is Lo perform with 160 g/l peel o waler ratio, 00 watt power for 30 min that give
ithe highest iofal sugar confent of 379.9 g/l

Total sugarconient = 1867 6-25.12%X +L07T555°X 18 45*% 3-0L.09T 79X, *X,
+L0D05 129K ,* Kyt (.040P XX 000167 * X, * X+ 1001 28X, *X - 003220%K ,* K, (2)

The mesulits indicated that ibe significant variable effectad on both sugars were microw ave power.
To achieve an optimam sugar viekd, the premeztment had to operate at low power (90 waltl,

For the influences of peel wo water ratio and time on reducing sugar. The pretrestment neaded an
approprizie raso and a suffickent time. Farther increase of ratie (=13297L) or time C= 12 min) did nod
increase both sugar concentrations. However, total sugar was dependent on both ratio and time.
Total sugar concentratson was increasd when ratio and time wene increased.

Summary

The microw ave prtreaiment of pineapple peel using pare water withowl 2 reapent 3t atmospheric
pEsmre could provide sufficient fermentabde supars for the ethanod production that may redusce
hydrolysis sep. The production cost of ethanol would be economically competitive with petroleam-
based fuel with ow cost feedstock (agricaltural mesidue), less material use (no rezpenl and no
washing water), save lime and energy consampison (microwave heating .
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