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Abstract

Pineapple leaves, an abundant agricultural residue, are rich in lignocellulosic biomass but limited in bioconversion
efficiency due to their high lignin content and crystalline cellulose. This study investigated the pretreatment of pineapple
leaves using the ionic liquid 1-ethyl-3-methylimidazolium acetate ((EMIM]JOAc) under different heating systems, including
a hot air oven, microwave, and hot plate, at 90°C for 3 hours. The results demonstrated that microwave-assisted
pretreatment achieved the highest delignification, reducing residual lignin more effectively than the hot air oven and
hot plate methods. Scanning electron microscopy (SEM) revealed a more porous surface morphology after microwave
pretreatment, while XRD indicated a significantly lower crystallinity index (22.78 + 0.03) compared with the hot air oven
(27.09 % 0.10) and hot plate (32.98 + 0.15). Furthermore, enzymatic hydrolysis of the microwave-pretreated sample
resulted in a cellulose-to-glucose conversion yield of 98.06 + 0.10%, markedly higher than that of the hot air oven
(80.01 £ 0.05%) and hot plate (63.92 + 0.13%). No formation of HMF was detected under any condition, suggesting
that the pretreatment was effective without generating inhibitory byproducts. These findings indicate that microwave-

assisted ionic liquid pretreatment is a superior strategy for enhancing glucose recovery from pineapple leaves, offering

a promising approach for sustainable biofuel and biochemical production.

Keywords: lonic liquid, pineapple leaves, microwave pretreatment, delignification, enzymatic hydrolysis
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Cellulose composition (%) = [Glucose released (mg) /

Amount of raw material before pretreatment (mg)] x 10

(1)
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Cellulose conversion (%) = Glucose released (mg) x

Anhydrous factor (0.9) / Cellulose loading (mg) x 100
3)
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HMF yield (%) = Total HMF in pretreatment hydrolysatex
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2.2.5 MINATILAAINNFDA
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SPSS Statistics version 21.0 (IBM, Armonk, NY, USA).
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Table 1 Chemical composition of pineapple leaves

L‘ﬂuam‘ﬂsznauwé’nﬁﬁﬂ’%mmﬁgdmnﬂ'jnaﬁLﬁnagiaa
(3088 36.32+0.02 maamﬁmagiaa) uazdniu (Fo8a:
19.18+0.13 2a9anfin) luvmeAnuaniululsunown
Wesuruwasndnlnanazmunzwinlunuisoves
wiiaen lanfaian uazams (2562) W8z Zhand et al.
(2014)LL<§iasmvl,sﬁmwmsﬁ%'@]qaumﬁhﬁﬁaﬂﬁﬂuﬂ%mm
N fINabFAan eI fsvesiawlailung
aiaﬂamyLGﬁﬂ@IaaLﬂuﬁwmwaﬂgiﬂa LﬁaaawnLﬁnagIaaLﬂu
wadudnelsd (Polysaccharide) Afilassasroluans s
sAYszneudILINaNs D-Glucose (3TWA Weadsail,
2558) &9 mﬁ]Lfluﬁaﬁﬂﬁwﬁﬂumﬂ“ﬁﬁ'@qauﬁqmwvl,ﬂﬁ'sfJ
Lsnagﬂaavlﬂlﬁﬂs:‘[mﬂuﬁmmmﬁmﬁwmaﬂgﬂﬂa Gt
lumiﬁmsmLﬁaﬂiﬁLﬂéaaﬁaiuﬂWiLﬁuqm‘mgﬁiums
YSugnmwlududzsadiovasnar leaafinoiia [EMIMIOAC
FadanunduswsvltlumsUSuanwdinialudulzsa
Lﬁ‘a%']aﬂ’nz‘ﬁlL%&l’]:ﬁﬁﬂ%ﬂ’liﬂ%ﬂﬁﬂﬂWLﬁaLLUﬂL‘ﬁaQIaﬁ
lﬁﬁmmu’%gwfg@aﬁwﬁuﬂaUamwhmauvlsmf

Chemical composition

Percentage of composition
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Hemicellulose
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Insoluble lignin
Soluble lignin
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16.89+0.05
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Table 2 Chemical composition of pineapple leaves pretreated with [EMIM]OAc at 90°C for 3 h using a hot air oven,
microwave, or hot plate. Values are presented as mean = SD. Different superscript letters within the same

column indicate significant differences among pretreatment methods at p < 0.05.

Chemical composition

Pretreatment method

Cellulose Hemicellulose Lignin Ash
Untreated 34.67+0.11° 32.52+0.08° 21.82+0.10° 10.99+0.07°
Hot air oven 30.53+0.05° 28.750.03° 8.570.03° 14.07+0.05"
Microwave 30.76+0.08° 28.95+0.15° 7.19+0.02° 14.13+0.10°
Hot plate 30.57+0.10° 28.83+0.05° 15.03+0.11° 13.97+0.08"

3. anwmenisniennvaslududzsaiilfuanin
A1 YaIluAI baaaRnzita 1-tafia-3-lunaddnn
T#RanazBian ((EMIM]OAC)
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Figure 1 vaadasslusulzsafiiumsdsusnneas

vaanadlasafinafia [EMIM]OAC amiNd 90 89en

wados win 3 9109 lagldlulasnlunslienuton
fanwen 9T g IBiaNUNT (Amorphous) Tnw ]

SnwmemamanwaasdiesnsluFulsefiniunn sl sy

anwlufulzsamevadnallesafin wiia [EMIMJOAC

gunni 90 asrLTaITaE Wik 3 Hluslagldianauay

Sauuazian I unansaudanudundn (Crystalline) 1

anuen Blunisiudiavnnsfansandianudunan

(Crystalline Index)

Figure 1 The structure analysis by SEM at 1000X

at 90°C for 3 hours; (A) Pineapple leave pretreated
with [EMIM]OACc of temperature heated up with hot air
oven, (B) Pineapple leave pretreated with [EMIM]OAc
of temperature heated up with microwave and (C)
Pineapple leave pretreated with [EMIM]OAc of

temperature heated up with hot plate.
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Table 3 The Crystallinity index (Cl value) of pineapple leaf pretreatment with [EMIM]OAc at 90°C for 3 hours of

temperature heated up with hot air oven, microwave, and hot plate, Values are presented as mean + SD

(n = 3). Different lowercase letters within the column indicate significant differences among treatments

according to Duncan’s multiple range test (p < 0.05).

Pretreatment method

Crystallinity index (Cl value)

Untreated
Hot air oven
Microwave

Hot plate

37.33 + 0.08°
27.09+0.10°
22.78+0.03°
32.98+0.15%
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Figure 2 Cellulose conversion (%) following enzymatic
hydrolysis with cellulase (10 FPU/g cellulose) and
1,4—B-g|ucosidase (10 CBU/g cellulose) for 24, 48, and
72 h after [EMIM]OACc pretreatment of pineapple leaves
using a hot-air oven, microwave, and hot plate. Values
are presented as mean + SD (n = 3). For each
pretreatment method, means at different hydrolysis
times were analyzed separately using one-way ANOVA
followed by Duncan’s multiple range test. Different
lowercase letters indicate significant differences among

hydrolysis times (p < 0.05).
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Figure 3 Cellulose conversion (%) after enzymatic
hydrolysis with cellulase (10 FPU/g cellulose)
and 1,4-beta-glucosidase (10 CBU/g cellulose) for 48 h
following [EMIM]OAC pretreatment of pineapple leaves
using a hot air oven, microwave, and hot plate. Values
are presented as mean = SD (n = 3). Different
lowercase letters indicate significant differences among
treatments according to Duncan’s multiple range test

(p < 0.05).
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