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ABSTRACT

The objective of this research is to explore the utilization of banana peels for ethanol
production. The pretreatment conditions explored were with 0, 2.5 or 5% sulfuric acid at room
temperature (RT) or autoclaved at 121°C (AU). Pretreating with 2.5% H,SO, AU increased the
cellulose content and reduced the hemicellulose content by 52.13 * 8.95% and 30.67 + 2.67%
respectively (p<0.05). In contrast, the reducing sugar content of the 2.5% H,SO, AU pretreated
sample was lower than that of the distilled-water-pretreated-with-autoclave sample (Water AU) and
was not significantly different from that of the non-pretreated sample at p<0.05 (84.60 + 11.82 mg/g,
296.13 + 22.25 mg/g and 117.38 + 4.21 mg/g, respectively). Further analysis of the hydrolysis
conditions showed that the non-pretreated banana peel sample hydrolyzed with 10% w/v H,SO, at
50°C for 24h yielded the highest amount of reducing sugar (92.49 + 3.45 mg/g) compared to other
samples at p<0.05. The best fermentation condition for the hydrolyzed non-pretreated sample using
baker's yeast was found to be at 18 hours fermentation time, 35°C, and shaking speed at 150 rpm.
The content of ethanol (P), the ethanol yield (Yp;5) and the fermentation efficiency (Ey) were measured
at 7.26 mg/g, 0.09 mg/mg and 17.05 + 0.09% respectively (p<0.05). This study shows that banana
peels have potential to produce ethanol, but the yield may be too low. Further research is needed to

increase the yield of this process.
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Table 1 Chemical composition of banana peels. Changes in remaining weight and reducing sugar content of non-pretreated and pretreated of banana peels.

Chemical composition (%) Remaining weight Reducing sugar content (mg/g)

Treatments
Cellulose Hemicellulose Lignin g % Solid Liquid
Non-pretreated 15.50+3.62° 72.67+6.08° 6.40£3.21% 20.00+0.00° 100.00£0.00° 117.3824.21% 0.0420.00°
Water RT 24.37+6.92% 43.22+10.00° 11.17+5.59° 16.67+1.99" 83.35+9.96" 131.48+35.48° 0.60+0.04°
Water AU 33.80+1.61%° 55.33+0.88° 9.90+6.05% 16.4620.38" 82.29+1.92° 296.13+22.25° 0.86+0.03°
2.5% H,SO, RT 20.33+4.20° 21.4447.75° 9.83+1.71% 14.90+0.06° 74.50+0.29° 184.78+26.27° 0.09+0.00°
2.5% H,SO, AU 52.13+8.95° 30.67+2.67% 7.63+2.41% 12.57+0.16° 62.83+0.79° 84.60+11.82° 0.44+0.03°
5% H,SO, RT 37.838.77° 32.89+3.56™ 2.93+1.66" 15.60+0.28"° 78.00+1.40 101.08+8.89% 0.11%0.01°
5% H,SO, AU 49.87+1.80° 32.0015.46% 9.8345.35% 13.35+0.54° 66.75+2.70° 16.10+4.69° 0.1320.02¢

Note: a, b, c,... in each column are statistical values at the 95% confidence levels (p<0.05), The value of mg/g refers to milligram per gram of initial sample weight.
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Figure 1 Characteristics of the surface area structure of banana peels (A) Non-pretreated, (B) Water
RT, (C) Water AU, (D) 2.5% H,SO, RT, (E) 2.5% H,SO, AU, (F) 5% H,SO, RT, (G) 5%
H,SO, AU at 500x magnification
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Figure 2 FT-IR Spectrum of banana peel (1) Non-pretreated, (2) Water RT, (3) Water AU, (4) 2.5%
H,SO, RT, (5) 2.5% H,SO, AU, (6) 5% H,SO, RT, (7) 5% H,SO, AU
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Figure 3 Content of reducing sugar after acid hydrolysis by different concentration at 50 °C, 120 rpm

for 24 hours.

Note: a, b, c,...are statistical values at the 95% confidence levels (p<0.05), The value of mg/g refers to milligram per

gram of initial sample weight.
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Figure 4 The remaining content of reducing sugar and content of ethanol of bakers yeast

fermentation at 35 °C, 150 rpm for 48 hours, using non-pretreated banana peel hydrolyzed

with 10% H,SO, as the substrate.
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Table 2 Remaining reducing sugar, used reducing sugar, ethanol content and performance parameters of baker's yeast fermentation at 35 °C, 150 rpm for 48

hours, using non-pretreated banana peel hydrolyzed with 10% H,SO, as the substrate.

Remaining Used reducing Ethanol Content Ethanol yield Production rate Fermentation
Time (h) reducing sugar sugar (mg/qg), (S) (mg/g), (P) (mg), (Yoss) (mg/g/h), (Qp) efficiency (%), (Ey)
(mg/g)

0 118.4820.17° 0.000.00' 0.00£0.00° 0.00+0.00° 0.00£0.00° 0.00£0.00"
1 69.94+0.00° 48.84+0.17' 1.34+0.47' 0.03+0.00" 0.08+0.01' 5.380.20°
2 66.85+0.31° 51.62+0.40" 3.80+0.98° 0.07+0.01% 0.2120.01° 14.42+0.26°
3 42.62+0.16° 75.8620.30° 5.71+0.00° 0.08+0.01%° 0.32+0.00° 14.75+0.06°
6 41.14£0.53° 77.34+0.58' 6.72+0.46° 0.09+0.00° 0.37+0.00° 17.030.23°
12 36.42+0.28' 82.06+0.35° 7.04+0.64° 0.09+0.01° 0.39+0.00% 16.810.19°
18 34.95+0.30° 83.53+0.43° 7.26+0.00° 0.09+0.00° 0.40+0.00° 17.050.09°
24 27.1040.16" 91.38+0.18° 7.21+0.09° 0.08+0.00° 0.39+0.01% 15.47+0.19"
36 12.80+0.15' 105.67+0.27" 7.21%0.05 0.07+0.00° 0.40+0.00° 13.37+0.06°
48 7.05+0.15 111.42+0.27° 7.02+0.09" 0.06+0.00° 0.39+0.00% 12.3520.13'

Note: a, b, c,... in each column are statistical values at the 95% confidence levels (p<0.05), The value of mg/g refers to milligram per gram of initial sample weight.
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