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Abstract 

  
Fruit peels annually accumulate in huge 

amounts, fruit wastes are rich in lignocellulo-

sic component which can be recovered into 

mono simple carbohydrates able to utilize for 
bioethanol production. The enzymatic hydrol-

ysis of lignocelluloses is known to be a key to 

the second-generation biofuel, the challenge is 

the still expensive enzymes involved in the 
saccharification process, loss of the most hem-

icellulose pentose sugars which were non-fer-

mentable as base, beside the presence of ham-
pers lignin thus require to resolve its problem.  

As part of study, followed the cost-effective 

means for bioethanol producing from four fruit 

peels (Banana, Orange, Mango and Water-
melon), yielding of enzymes from co-fungal 

cultivation carried by Aspergillus niger and 

Phanerochaete chrysosporium, followed by 
co-fermentation of the saccharified sugars us-

ing yeast belong to Saccharomyces cerevisiae 

and Kluyveromyces marxianus which contrib-
uted for bioethanol production in 8 L lab-scale 

reactor.  The fermented sugars recovering was 

reached to 27.77 g.l-1 from banana peels which 

were found to be good exploited as potential 
raw source, co-fungal enzymatic hydrolysis 

followed by yeast co-fermentation led to sub-

stantial yield by 10.74 g.l-1, the adding of  

calcium oxide increased the purity which leads 

finally to 97.5 wt % of pure bioethanol. Thrust 
towards fossil fuels replacement with renewa-

ble clean fuels such as bioethanol by using fruit 

peels residuals which are considered renewa-
ble energy source may also help in CO2 miti-

gation. 
 

Keywords: Fruit peels, Bioethanol, Fungi  
co-cultivation, Yeast co-fermentation 

 

1 Introduction 
 

The huge amounts of consumed fresh fruit 

encouraged the expansion use of its peels resi-

dues to improve their economic productivity 

competitiveness (Cutzu and Bardi 2017). Most 
of fruits after its consumption generates about 

50% of their weight as un-eatable waste, its 

utilization to generate bioethanol from their 
huge effluents as substrates will indeed reduce 

the processing costs and environmental load 

for agro-wastes management (Hu et al 2011). 

While the most of global food waste are arises 
from fruits and vegetables residues, fruits peels 

are alone account about 37% of the total agri-

cultural waste according to the statics of Food 
and Agriculture Organisation (Makkar 2013). 

Also, the major organic matter generated daily 

by farms, household’s consumption and food 
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processing manufacturers are fruits rinds and 

peels, these disposed organic materials that 

pose an environmental risk due to their high 
biological oxygen demand (BOD) (Ververis et 

al 2007). These fruit residues are of no com-

mercial importance and mostly disposed of in 

municipal dumps by large quantities, which 
causes of serious organic pollution (Oberoi et 

al 2013). Among them, the major contents of 

fruits peels are cellulose and hemicellulose 
with significant amounts of lignin placed be-

tween them, these lignocellulosic are consid-

ered a great renewable raw material for com-

petitive production of bioethanol in the open 
market (Makkar 2013). Unfortunately, peels 

cells are mainly composed from complex fi-

bers, these fibers are covalently hemicelluloses 
coupled with lignin and linked by hydrogen 

bonds with cellulose (Chen and Fu 2016). The 

complex compound ties all the constituents of 
peels which is the principal barrier to their uses 

valorisation, therefore a process of pre-treat-

ment is inevitable to separate hemicellulose 

and lignin from cellulose (Demirbas 2011). 
Many approaches have been developed to treat 

hemicelluloses and lignocelluloses biomass to 

separate their chemical components, in which 
bioethanol production is the major target (Lee 

et al 2014). Thus, the primarily chemical com-

ponents that can be fermented to alcoholic 
component are simple sugars, the latter cannot 

get it without other treatment step named sac-

charification process, there is no substitute of 

the latter process for separating them from pol-
ysaccharides to make fermentation possible 

(Chen and Fu 2016). Due to lignin properties, 

it is become the main obstacle which influ-
ences the digestibility of the biomass. There-

fore, the high resistant lignin crystalline struc-

ture could be lowering the biomass digestibil-

ity. Whereas the stimulation of lignin degrada-
tion would be stimulating its digestibility 

(Agbor et al 2011). Overall, the commercial 

production has not yet been implemented be-
cause of production cost elevation based on 

available pre-treatment technologies (Dien et 

al 2003). Even though dilute acid and hydro-
thermal pre-treatment are the most common 

and economic than the other pre-treatment 

methods, but some of these methods would be 

more harmful to the environment than others 

as the chemical free pre-treatment such as hy-
drolysing enzymes which is environmentally 

attractive solutions although it is still high cost 

(Rocha-Meneses et al 2019). Microbial enzy-

matic hydrolysis is more promising than any 
others chemical or physical hydrolysis since 

lower utility costs with highest productivity 

(Hu et al 2011). The commercially available 
enzymes mixtures are produced by Aspergillus 

species especially A. niger strains are the most 

commonly industrial fungus which produced a 

broad range of degrading exo-enzymes, such 
fungal enzymes are essential to convert com-

plicated plant polymers into simple molecules 

that can be up-taken into their cells (Arya et al 
2001). Also, the enzymatic treatment would 

also avoid initially physical or chemical treat-

ments for the easily sugars recover without 
various inhibitions (Hu et al 2011). Many au-

thors pointed that, during fungal natural life 

cycle most fungi live in mixed communities 

within symbiosis or competition particular bi-
otope and may be colonized mainly by several 

Aspergilli species (Arya et al 2001, Hu et al 

2011). Thus, the fungi co-cultivation may re-
sult more in more efficient enzyme mixtures 

for various applications than those result from 

monoculture (Arya et al 2001). The fungal co-
cultivations were previously described for ef-

ficient productivity of degrading enzymes, the 

ascomycete strains of A. niger and the basidio-

mycete white rot fungus Phanerochaete chrys-
osporium could improve the activity of cellu-

lolytic and hemi-cellulosic enzymes and im-

prove ligninolytic enzymes production (Verma 
and Madamwar 2002). Another side, the yeasts 

belonging to Saccharomyces genus is com-

monly used for alcoholic fermentation, espe-

cially the typical species of S. cerevisiae is or-
dinary considered the common fermentation 

species, it has the highest yield and ethanol tol-

erance (López-Malo et al 2013). In addition, 
the most of current theoretical for bioethanol 

production were by S. cerevisiae which apti-

tude to grow at low pH and elevated tempera-
ture, also its capable to grow in presence of in-

hibitors, the using of converted sugars by S. 
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cerevisiae was far better from enzyme hydrol-

ysate than that from other chemical treated 

fruit wastes (Gashaw 2014). Unfortunately, the 
ideal mould type which can be efficiently fer-

mented both C5 and C6 sugars has not been yet 

isolated, nonetheless it cannot ferment the 

hemicellulose which are converted during pen-
toses fermentation into toxic furfural (Farias et 

al 2017). Up-to dated researchers have valor-

ised the ability of ethanologens yeast strains 
for simultaneous cultivation with another 

strain with S. cerevisiae, this trend became 

widespread to be effective for fermenting both 

hexoses (glucose) and pentoses (xylose) sugars 
for high bioethanol yield which decreased the 

initial investment and maintenance costs 

(Yadav et al 2011). Occasionally, the yeast 
strain of Kluyveromyces marxianus is econom-

ically advantageous that can metabolize a wide 

variety of sugars via homo-ethanol pathway, 
although it requires a higher cells number than 

S. cerevisiae to produce comparable amounts 

of bioethanol (Widmer et al 2009). As micro-

bial fermentation is an overpower process, spe-
cial attention is required to control fermenta-

tion temperature, so the alcoholic yeast strains 

resistant to high temperatures are more favour-
able for bioethanol industry (Fahim 2017). 

Temperature is an essential parameter for the 

fermentation process, the ethanol production 
increases with increasing temperature, the 

temperatures that allow an optimal growth and 

better yield of bioethanol are generally range 

between 20°C and 35°C ( Li et al 2010). The 
theoretical maximum hydrous bioethanol 

formed after distillation process of fermenta-

tion broth was achievable no more than 95.5 wt 
% ethanol and 4.5% water (Kumar et al 2010). 

However, the fuel consumption is increasing 

sharply despite the apparent lack of conven-

tional fossil fuel supplies, only pure bioethanol 
can be used as a fuel or blended with gasohol 

as octane boosters (Li et al 2010). The most 

important bioethanol proper burning benefits 
that air quality will improve by CO2 mitiga-

tion, bioethanol can also improve the octane 

number by replace with other additives in  

gasoline fuel, gasoline-bioethanol blend pro-

vides the highest braking power (Cutzu and 

Bardi 2017). Also, bioethanol fuel is sulphur 
free and totally biodegradable, that the incom-

plete oxidation pi-products are acetaldehyde 

and acetic acid which are less toxic by compar-

ison with other alcohols (Sharma 2006). Alt-
hough, the larger scale and world commercial 

production of biofuels mainly were mostly 

from essential oil, food, fodder crops at such a 
global scale would be another challenge for the 

availability of alternative feedstocks at that 

many scales (Makkar 2013). Therefore, the 

cost-effective means for producing bioethanol 
from four fruit peels (Banana, Orange, Mango 

and Watermelon), enzymes yielded from co-

fungal cultivation carried by Aspergillus niger 
and Phanerochaete chrysosporium, followed 

by co-fermentation of the saccharified sugars 

using yeast belong to Saccharomyces cere-
visiae and Kluyveromyces marxianus which 

contributed for bioethanol production in 8 L 

lab-scale reactor, additional distillation pro-

cess by adding drying agents increased the bi-
oethanol final purity. 

 

2 Materials and Methods 

 

2.1 Agricultural wastes preparation 

 
Four different fruits peels Musa acuminate 

(Banana), Mangifera indica (Mango), Citrus 

aurantium (Orange) and Citrullus lanatus 

(Watermelon) were collected. Minced samples 
oven dried at 70°C for 48 h and grind to be 

used later as source of fermentable sugars. Tis-

sues samples were stored in airtight containers 
in the dark at room temperature until biochem-

ical analysis. The dry weight (DW) was deter-

mined by oven dried of 5 grams of each fresh 

fruit peel at 105°C for not less than 2 hours or 
to mass constant, the pH was measured by us-

ing HI83141 Hanna instruments. Total pro-

teins were measured as (1 ABS = 1 mg.ml-1) by 
A550 biuret direct method by using UV-Vis 

Spectro (Thermo Fisher Scientific TM) 

(Bradford 1976). 
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2.2 Microbial strains and culture media  

 

The identified fungus and yeast strains used 
in this study were Aspergillus niger ATCC® 

64974™, Phanerochaete chrysosporium 

ATCC® 24725™, Kluyveromyces marxianus 

ATCC® 36142TM and Saccharomyces cervisiae 
ATCC® 9763TM brought from the national 

Mircen (Microbiological Resource Center, Ain 

Shams University). All fungal strains grown 
on malt extract agar (MEA, Difco) to obtain 

spores. To achieve the fungal behaviour in 

terms of mycelial interactions and growths 

rates on various culture media, fungi mixture 
cultivated on (MEA), potato dextrose agar 

(PDA, Difco) and Aspergillus complete me-

dium (ACM, Difco) (De Vries et al 2004). This 
latest culture medium was chosen and supple-

mented with 5 % wheat brain (Wb) as the sole 

source of carbon for achievement of fungi be-
haviours. In the same order, the (ACM) liquid 

culture medium was chosen and supplemented 

with 5 % powders of Banana peel (Bp), Water-

melon peel (Wp), Orange peel (Op) and 
Mango peel (Mp), respectively as carbon sub-

strate source for mixed enzymes production. 

On the other side, laboratory cultures of S cer-
visiae and K marxianus strains were routinely 

maintained on sodium acetate ascospore agar 

(SAA, Himedia) for creating new generation 
by ascospores germination (McClary et al 

1959). The regenerative strains were screened 

to use as bioethanol co-producers based on 

(+20 % glucose, xylose fermentative and alco-
hols tolerance). While the glucose peptone 

agar medium, (GPA, Difco) was used for ex-

amining the new yeasts spontaneous mutant 
selected from the ascospores sexual conjuga-

tion. The yeast strains were primarily exam-

ined for xylose utilisation, CO2 emission, eth-

anol tolerance and productivity using 2 % glu-
cose or/and xylose (1:1 mixture) supplemented 

peptone broth medium. The optical densities at 

OD600 were used as indicator of growths rates. 
While the medium used for ethanol production 

composed of (Yeast extract 2.5 g.l-1, 

(NH4)2SO4 2.5 g.l-1, KH2PO4 1 g.l-1 and MgSO4 

0.5 g.l-1) which later supplied by amounts of 

filtrated enzymatically produced sugars.  

2.3 Cultivation conditions and fermentation 

setup 

 
For fungi maintenance and spores inocu-

lums  preparation, spore production on MEA 

medium slants usually requires minimum 72 h 

of growth at 40°C, spores (conidia) suspended 
in 5 ml of sterile water and then filtrated 

through sterile glass wool to avoid presence of 

fungus mycelia. Spores concentration were de-
termined by measuring the absorbance at 650 

nm (ABS 1 cm-1 = 5x106 spores.ml-1). Fungi 

co-enumerated by inoculating 1 ml of diluted 

spores suspension (5x105 spores.ml-1) with a 
distance of 3.5 cm or by inoculate the spores 

mixture in the centre or over the Petri dishes 

whole surface. For all liquid cultures, fungi 
grown on 250 ml shaking Erlenmeyer flasks 

with 40% filling volume, 250 rpm agitation 

rate and 0.0163 S-1 coefficient volumetric oxy-
gen transfer rate (kLa) (Fahim 2017). ACM 

medium supplemented with 5% of various 

peels carbon sources, the culture medium inoc-

ulated by 5x106 spores.ml-1 and incubated at 40 
°C for 96 h. On other side, 8 litre lab-scale fer-

mentor (New Brunswick Scientific MicroFerm 

MF-114, USA) was used for submerged fer-
mentation (62.5% filling volume, 250 rpm ag-

itation rate and kLa 0.0165 S-1) as followed by 

(Fahim 2017). For enzymes production, ACM 
medium supplemented with 5% of wheat brain 

and inoculated by 5x106 spores.ml-1 of mixed 

fungi, then incubated aerobically at 40°C for 

96 h. Culture samples harvested and centri-
fuged at 10.000 rpm for 10 min, supernatant 

was then filtrated through 0.045 µm nitrocel-

lulose microbiological membrane filter, the fil-
trate aliquots culture sample used as degrading 

enzymes source or stored at -20°C no more 

than 1 week. For bioethanol production, the 

culture medium supplemented with 5% pow-
ders of (Bp, Mp, Wp and Op) respectively as 

carbon sources replacements, the culture me-

dium was initially inoculated by 0.5 OD600 S. 
cerevisiae, K. marxianus or mixed inoculums 

at 35°C under non aerated condition for 24 h 

of fermentation period. 
 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwi1vfi7lNzbAhVILVAKHQxvDlAQFggsMAE&url=https%3A%2F%2Fatcc.org%2F~%2Fps%2F64974.ashx&usg=AOvVaw2tDNeoMpteoLYp2dPnyjK_
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwi1vfi7lNzbAhVILVAKHQxvDlAQFggsMAE&url=https%3A%2F%2Fatcc.org%2F~%2Fps%2F64974.ashx&usg=AOvVaw2tDNeoMpteoLYp2dPnyjK_
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2.4 Sugars extraction and oligosaccharides 

fractionation 

 
The purpose of sugars purification before 

the oligo-saccharides fractionation was to 

avoid influence of free sugars on the pectin, 

hemicellulose, and cellulose determinations. 
The ethanol extraction method was applied to 

extract the soluble sugars on each peels tissue 

sample, five replicates of (50 mg) extracted 
with 5 ml of ethanol 80% and repeated three 

times, by boiling at 95°C for 10 min in screw 

cape glass tubes followed by 2500 rpm centrif-

ugation for 5 min, the collected supernatants 
combined for sugar analysis. While the rest of 

the pellets in the tubes were used for starch de-

termination or stored wet at -20°C to analyze 
the starch later with the hydrolyzed extracted 

sugars from the oligosaccharides (Cutzu and 

Bardi 2017). The fruit peels oligosaccharides 
fractionation process is conducted by the pa-

tent application number 420890 published by 

Szymańska-Chargot and co-workers. 50 grams 

of minced fruits peels tissues boiled with 300 
ml distilled water in 1 L glass piker for 10 min 

and filtrated to remove simple soluble polysac-

charides and phenolic compounds from peels 
in the aqueous solution. For separating the pec-

tin polysaccharides components, the residual 

tissues treated by 300 ml of hydrochloric acid 
(1 M) and magnetically stirred at 85°C for 30 

min, and then filtered to collect the pectic pol-

ysaccharides compounds in the aqueous solu-

tion and the rest of residual bulk was used to 
extract the hemicellulose polysaccharides 

compounds by adding 300 ml of sodium hy-

droxide (1 M). This mixture was magnetically 
stirred at 85°C for 30 min, and then filtered to 

collect the hemicelluloses components in the 

aqueous solution and the rest residual bulk 

transferred to new glass piker to the next step. 
Afterwards, the lignin compounds removed by 

adding 300 ml of sodium hypochlorite (2%) 

and magnetically stirred at 95°C for 60 min 
subsequently by transfer the colloidal solution 

as lignin matter. The end step conducted by 

collecting the cellulose matter from the rest 

bulk amount and washed three times by deion-

ized water until the alkaline traces removed 

(Ziemiński and Kowalska-Wentel 2017). 
 

2.5 Reduced sugars and oligosaccharides 

quantifications 

 
Considering the potential use of the end 

isolation step of cellulose supernatant, the 

quantification of pectin, hemicelluloses and 
cellulose contents in fruits peels carried out. 

The pectic fractions contents performed with 

colorimetric calibration method of galac-

turonic acid which transformed into furfural 
derivatives by reacting with carbazole acid in 

acidic phase (Orozco et al 2014). The collected 

pectic residuals rinsed and placed into 200 µl 
of deionized water followed by gradually ad-

dition of 3 ml (H2SO4)conc and 100 µl carbazole 

reagent (0.1% w/v ethanol). The mixer kept for 
60 min in the dark at 60°C and cooling through 

water bath (caution of exothermic reaction), 

then after development of pink-red colour, the 

absorption read at wavelength 530 nm were 
done against the standards curves obtained 

from galacturonic acid. However, the acid hy-

drolyzed GFX monomer sugars mixture (glu-
cose, fructose, and xylose) in peels tissue ex-

tracts from the oligosaccharides such as hemi-

celluloses determined by the phenol-sulfuric 
acid method (Dubois et al 1956). The reaction 

of 1 ml phenol 2% solution with 0.5 ml of ex-

amined sugars solutions, the standard sugars 

were made by increments concentrations from 
50 to100 μg.ml-1 of the most common sugar 

mixture with percentage (1:1:1 GFX mixture) 

or the individual glucose and xylose solutions, 
respectively. This reaction followed by the 

quickly and gradually addition of 2.5 ml 

(H2SO4)conc and kept for 10 min in the dark at 

20°C in cooling water bath (caution of  exo-
thermic reaction), subsequently after develop-

ment of yellow brown colour, the absorption 

read at wavelength 490 nm were done against 
the standards curves obtained from individual 

sugars or the GFX mixture for total reduced 

sugars assay.  
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2.6 Degrading enzymes assays and SDS-

PAGE profiles 

 
For the cellulase enzyme activity, the 

method of filter paper (Whatman no.1) activity 

was applied (Camassola and Dillon 2012). β-

glucosidase activity determined by using 5-
carboxy methyl cellulose (10 g.l-1) as carbon 

replacement source in ACM media (Saddler 

and Mes-Hartree 1984). Xylanase activity de-
termined under the same conditions by supply-

ing ACM media with (1 ml.l-1) extracted wheat 

bran solution (Saddler and Mes-Hartree 1984). 
While the liberated reduced sugars from cellu-

lose as (glucose) and (xylose) from hemicellu-

lose in the latest reaction mixtures measured 

by the phenol-sulfuric acid methods which 
used later to determine the extracted mono-

mers sugars from the oligosaccharides, each 1 

µmol.min-1.ml-1 of released glucose or xylose 
expressed as one unite of cellulase, β-gluco-

sidase and xylanase enzymes respectively un-

der specified experimental conditions. Protein 

precipitation carried out with salting technique 
by adding ammonium sulphate slowly to the 

cell-free culture (at 75% saturation) with mag-

netically stirring to complete protein precipita-
tion. The precipitate collected by centrifuga-

tion at 10.000 ×g for 20 min and then dis-

solved in 50 mmol phosphate buffer (pH 8.0), 
dialysed and stored (Switzer et al 1979). For 

molecular weight determination, the sodium 

dodecyl sulphate polyacrylamide gel electro-

phoresis (SDS-PAGE) profiles for extra-cellu-
lar degrading enzymes were preformed, the gel 

made of (10%) polyacrylamide and 5% stack-

ing gels. After electrophoresis, the gels stained 
with Coomassie brilliant Blue R-250 staining 

and overnight de-stained by 45% methanol and 

10% acetic acid (Switzer et al 1979). 

 
2.7 Enzymatic hydrolysis and bioethanol 

production processes 

 
The filtrate culture showing activities of 

cellulases and xylanases was used for enzy-
matic hydrolysis processes, the bioreactor sup-

plied with 250 g of fruits peels within 4975 ml 

of adjusted pH 5.5 filtrate culture media (buff-

ered by 0.1 M sodium acetate solution), the to-

tal hybridisation volume conducted at 50°C for 
72 h. By progressing the enzymatic hydrolysis 

process, collected samples centrifuged at 

10.000 rpm for 10 min, supernatant was then 

filtrated through 0.045 µm nitrocellulose mi-
crobiological membrane filter, the filtrate ali-

quots samples used as sugars sources or stored 

at 5°C no more than 1 month. Samples of the 
used (Bp, Mp, Wp and Op) substrates chemi-

cally analysed, the total of each substrate sus-

pensions used to supplement the production bi-

oethanol medium, respectively as carbon 
source replacement. 5 litre of culture medium 

was initially inoculated by 0.5 OD600 S. cer-

visiae, K. marxianus or mixed inoculums and 
mechanically stirred by 150 rpm under non 

aerated condition at 35°C for 24 h of fermen-

tation period (initial sugars concentration de-
termined). After alcoholic fermentation pro-

cess, the bioethanol yield determined spectro-

photometrically according to the modified 

chromic acid method developed by (Gupte and 
Madamwar 1997), 1 ml of fermentation culture 

broth diluted to 5 ml by distilled water and 5 

ml of chromic acid reagent added (34 g 
K2Cr2O7 within 325 ml H2SO4conc and the total 

volume adjusted to 1000 ml with distilled wa-

ter). The screw cap tubes heated in a water bath 
at 600C for 20 min. the absorbance of alcohols 

determined at 600 nm by using absolute etha-

nol standard curve, after that CO2 levels can be 

calculated. For collecting bioethanol from cul-
ture broth, the azeotropic distillation process 

applied at 78.2°C and coupling with addition 

of 0.5 g.l-1 calcium oxide as drying agent dur-
ing distillation process (Li et al 2010). 

 

3 Results and Discussion 

 

3.1 Fungi co-cultivation 

 

To achieve whether the ability of two fungi 
for growth together in the same culture and 

their behaviours, several pour plates inocu-

lated by both fungi as described in the enumer-
ation conditions. Different radial extension 

rates monitored for the two fungi on MEA 



  

AUJASCI, Arab Univ. J. Agric. Sci., 29(2), 2021 

563 
 

Impact of Microbial Synergism on Second Generation Production 

of Bioethanol from Fruit Peels Wastes 

solid culture medium. A. niger has the fastest 

growth fungus, while P. chrysosporium has 

particular moderate growth (Fig 1-A). The 
tested fungi have been the ability to grew on 

all used types of culture media in this investi-

gation, in this order the (ACM) culture resulted 

the better and fasted culture growth. This liq-
uid culture was chosen and supplemented with 

5% wheat brain as the sole source of carbon for 

fungi enumeration and enzymes production. 
Since an earlier study reported that on the 

wheat brain carbon source has stimulation ef-

fect on a broad range of hydrolytic enzymes 

secretion by several Aspergillus types (Meijer 
et al 2011). The co-cultivation which primarily 

performed on the separated inoculums and 

spores mixture poured plates showed the life-
style behaviour of two fungi. The separated in-

oculants a distance away from each other 

formed colonies with complete edges when 
they met without any significant forced inva-

sion (non-antagonistic effect) for the other fun-

gus occupied plate area, but P. chrysosporium 

could grow around and within the other fungus 
(Fig 1-B). Interestingly, the spores mixed in-

oculation in the same spot, there is no sectors 

containing either fungus could be observed on 
the plates (Fig 1-C) generally, A. niger has col-

onies with a black colour, while P. chryso-

sporium characterized by its white colonies. 
On other side, no fungus mycelia appeared 

during the first 20 h of cultivation, after 40 h 

the hypha of both fungi starting to formation, 

then quickly spread by P. Chrysosporium more 
than A. niger which occupied less area in the 

presence of the other fungus which covered 

whole the plate with a white hypha and grown 
within the other fungus to reach outside its col-

ony. These evidences similar with those exper-

iments which performed by combinations of 

some fungi genera such as A. niger, A. oryaza, 
P. chrysosporium and Magnaporthe grisea, in 

all these genera combinations no one of these 

species showed to out contrary of other fungus 
genus (Rocha-Meneses et al 2019). 

 

3.2 Yeasts co-fermentation 

 

Approximately (34) of S. cervisiae and (42) 
K. marxianus generated yeasts isolates 

screened for cultivations tests, the highest CO2 

emission strains during glucose or/and xylose 

sugars fermentations selected. The alcohol tol-
erance and the ability to mono sugar or co-car-

bon sugar utilization conducted for the  

selected two strains type, data presented in 
(Table 1). S. cervisiae selected strain showed 

the highest indicators levels of sugar utiliza-

tion rate and gas emission by 1.12 g.l-1.h-1 and 

0.2 mol.l-1 respectively when glucose was the 
carbon source, despite of it cannot be utilize 

xylose sugar as carbon source (López-Malo et 

al 2013). While selected K. marxianus strain 
showed double uses of the glucose and xylose 

or sugars mixture with moderated levels by 

0.68 g.l-1.h-1 and 0.12 mol.l-1 CO2 emission. It 
worth to note that, the yeast co-culture showed 

high levels of glucose sugar utilization rate by 

1.26 g.l-1.h-1 and 0.17 mol.l-1 CO2 emission. 

Also, they recorded good levels of mixed sugar 
consummation by 0.83 g.l-1.h-1 and 0.16 mol.l-

1 gas emission. Although, the possibility of xy-

lose sugar fermentation recorded by selected 
strain of K. marxianus in single or co-culture 

condition, which it showed lowest level of 

sugar consummation and CO2 emission by 
0.55 g.l-1.h-1 and 0.12 mol.l-1, respectively. On 

other side, it is clear from (Fig. 2), that S. cer-

visiae have a potential for growth and make a 

high ethanol yield only from glucose by 9.23 
g.l-1 at no more than 18 h. While K. marxianus 

showed moderated ethanol yield by 4.91, 5.58 

and 6.17 g.l-1 from xylose, mixed sugars, and 
glucose respectively, with more long fermen-

tation period than the other yeast strain. By 

tracking the co-fermentation of the two strain 

showed a good ethanol yield by 7.83 g.l-1 from 
glucose at no more than 16 h and 7.83 g.l-1 

from mixed sugars during 24 h. Also, co-fer-

mentation showed moderated values of ethanol 
yield from xylose sugar by 5.62 g.l-1 but  
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Fig 1. Co-cultivation of A. niger and P. chrysosporium fungi on solid ACM + 5% Wb by inoculating them 

separately (A) and after complete growth (B) or as a spore mixture (C) 

 

 
Table 1. The bioethanol productivity indicators of the selected yeast strains and its co-fermentation 

 

Yeast strains 

CO2 emission  

mol.l-1 

Sugars utilization rate  

g.l-1.h-1 

Max bioethanol production 

g.l-1 

Glucose Xylose 
GX. 

Mix 
Glucose Xylose 

GX. 

Mix 
Glucose Xylose GX. Mix 

S. cervisiae 
0.2  

± 0.06 

0.0  

± 0.0 

0.09  

± 0.04* 

1.12  

± 0.05 

0.0  

± 0.0 

1.43  

± 0.08* 

9.23  

± 0.04 

0.0  

± 0.0 

4.21  

± 0.03* 

K. marxianus 
0.14  

± 0.04 

0.11  

± 0.03 

0.12  

± 0.08 

0.79  

± 0.07 

0.57  

± 0.05 

0.68  

± 0.06 

6.17  

± 0.08 

4.91  

± 0.06 

5.58  

± 0.06 

Co-fermenta-

tion 

0.17 ± 

0.05 

0.12 ± 

0.07 

0.16  

± 0.03 

1.26  

± 0.04 

0.55  

± 0.03 

0.83 

 ± 0.5 

7.83  

± 0.07 

5.62   

± 0.04 

7.16  

± 0.04 

The values are mean of three replicates ± standard deviation. 

* Values based on glucose sugar amounts only. 
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fermentation period rich to more than 36 h by 

comparing the other single culture xylose fer-
mentation. The previous data strongly refer-

ring to the co-fermentation importance by sav-

ing fermentation time and increasing the 

productivity, especially in the presence of xy-
lose sugar which are necessarily available in 

quantities within treated agro-wastes peels, 

these results matched with Widmer et al 
(2009). 

 

3.3 Fruit peels composition 

 
The primarily results of biochemical anal-

yses for four different fruits peels examined 

are presented in (Table 2). The percentages on 
dry weight base of total proteins, starch, pec-

tin, lignin, cellulose, and hemicellulose con-

tents investigated, the mango peel showed the 
highest levels of starch, pectin, hemicellulose, 

and lignocelluloses components by 13.56%, 

11.89%, 14.51% and 51,48% respectively with 

highest level of lignin content by 17.25% and 
lowest level of total proteins by 3.89% 

(Berardini et al 2005). Also, the peel of  banana 

showed high levels of starch, hemicellulose, 
and lignocelluloses components by 13.27%, 

12.93 % and 38,14% respectively with the 

lowest level of lignin contents by 4.82%, the 
proteins and pectin contents were in the mod-

erated levels by 5.12% and 11.21%, respec-

tively (Li et al 2010). While the orange peel 

showed the lowest levels of starch, hemicellu-
lose, and lignocelluloses components by 

3.22%, 9.27% and 30,76% respectively with 

6.53% of lignin content, but the pectin content 
recorded the highest level by 16.45%, the pro-

teins levels were moderate by 5.23 %, which 

close to the report published by (Aravantinos-

Zafiris et al 1994). Citrus peels had somewhat 
lower hemicellulose and lignocellulose con-

tent as well. In the same order, the watermelon 

peel showed the highest level of total proteins 
by 8.84%. Pectin, hemicellulose and lignocel-

lulose contents were in moderate levels by 

11.34%, 11.45% and 33.84% respectively with 
9.87% and 11.34% of lignin and pectin  

contents, respectively. These results match 

with the reports of (Fish et al 2009, Li et al 
2010) that banana and mango peels could be a 

rich, worthless cost source of dietary fibres, 

composed mainly of hemicellulose and ligno-

cellulose polysaccharides (Berardini et al 
2005, Li et al 2010). Considering these results, 

the peels of banana and mango seems to be 

good alternative of carbon sources suitable for 
conversion of bioethanol, this preference is 

due to the respected hexose as well as pentose 

sugars converted from the good levels of 

starch, cellulose, and hemicellulose respec-
tively, in addition the ability of tested fungi for 

reducing the relatively amounts of lignin dur-

ing the pre-treatment processes and fermenta-
tion process, while this view is supported by 

Ververis et al (2007). 

 
3.4 The co-culture motivation of degrading 

enzymes 

 

The better set of oligosaccharides degrad-
ing enzymes of each fungus specie conducted 

for achievement the optimum condition of sub-

merged fermentation at the presence of other 
fungus. The fungi co-cultivation affect investi-

gated by influence the oligosaccharides reduc-

tion amounts by degrading exo-enzymes, the 
selected cultivation conditions were also 

achieved during fungal species grown together 

on ACM culture media supplied with wheat 

bran and compared with the same conditions 
on single fungus culture, the data presented in 

(Table 3) illustrated the activities of three oli-

gosaccharide-active enzymes cellulase, β-glu-
cosidase and xylanase enzymes as they previ-

ously been remarked to be produced by each 

fungus strains. Overall, the co-cultivation re-

sulted an increasing in exo-enzymes activities 
by 5.9, 8.7 and 81.4 nmol.min-1.ml-1 for β-glu-

cosidase, cellulase, and xylanase, respectively. 

Although, A. niger showed high enzymes ac-
tivities compared with P. chrysosporium, but 

the activities of co-cultivation are still higher 

than to each single fungus culture. These posi-
tive   co-operation  effect   between  industrial  
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Table 2. Biochemical analyses of examined fruit peels wastes based on dry weight percentage (% w/w). 
 

fruit peels 

waste 
Protein Starch Pectin 

Lignocellulose 
Hemi-cellulose 

Lignin Cellulose 

Banana peel 5.12 ± 0.6 13.27 ± 0.3 11.21 ± 0.5 4.82 ± 0.6 33.32 ± 0.3 12.93 ± 0.4 

Mango peel 3.89 ± 0.3 13.56 ± 0.7 11.89 ± 0.2 17.25 ± 0.2 34.23 ± 0.5 14.51± 0.9 

Watermelon peel 8.84 ± 0.5 4.36 ± 0.6 11.34 ± 0.3 9.87 ± 0.4 26.71 ± 0.6 11.45 ± 0.2 

Orange peel 5.23 ± 0.9 3. 22 ± 0.2 16.45 ± 0.6 6.53 ± 0.7 24.23 ± 0.4 9.27 ± 0.7 

The values are mean of three replicates ± standard deviation. 

 

 

 
 

 

Fig 2. The bioethanol productivity indicators of the selected yeast strains and its co-fermentation of glucose, 

xylose, and sugars mixture respectively (▲ S. cervisiae ● K. marxianus ■ Co-fermentation) 
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Table 3. Total secreted protein and exo-enzymes activities of A. niger, P. chrysosporium and its co-culti-

vation 
 

Fungi strains 
Total proteins 

(mg.ml-1) 

Exo-Enzyme activities (nmol.min-1.ml-1) 

Cellulase β-glucosidase Xylanase 

A. niger 0.59 ± 0.04 7.9 ± 0.18 4.2 ± 0.12 72.8 ± 0.24 

P. chrysosporium 0.42 ± 0.02 6.2 ± 0.15 3.8 ± 0.16 5.3 ± 0.26 

Co-cultivation 0.65 ± 0.03 8.7 ± 0.17 5.9 ± 0.17 81.4 ± 0.25 

The values are mean of three replicates ± standard deviation. 

 

 

 
 

Fig 3. The SDS-PAGE protein profile of A. niger, P. chrysosporium and its co-cultivation 
 
 

ascomycete A. niger and the wood rot P. chrys-

osporium basidiomycete fungus has been pre-

viously recorded by (Meijer et al 2011). The 
total secreted proteins in co-culture media 

(0.65 mg.ml-1) were also stronger than those re-

sulted by individual culture. The fungi mixed 
culture does not result a big difference in se-

creted proteins amounts, but it triggered the 

stimulation of the specific enzymes. The im-
portance value of the ligininase and hemicellu-

lase enzymes in ameliorate the degrading of 

lignocellulosic fibers is by observing its syner-

gistic actions along with enzymes of cellulases 
by increasing swelling and porosity of fibers 

and then facilitating its accessibility within it 

(Hu et al 2011). Also, the mode of action of the 

ligninase enzyme can formed  fragile notches 
with continuous fissures in the fibers surfaces, 

while cellulases enzymes complex can begin 

from these patches, however the enzymes ran-
domly function in synergism harmony (Greene 

et al 2015). Even though, the co-cultivations 

enzymes activities were approximately aver-
aging of the two single cultures, but with con-

secration that only half spores inoculums from 

every fungus species used by comparing with 

the mono-cultivations which indicate to the 
overall activities of fungal co-cultivation and it 
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can result in specific up-regulation, similar re-

sults were recorded for the same fungi strains 

by (Martinez et al 2004). On the other side, the 
SDS-PAGE profiles conducted for all culture 

type (Fig 3). Although, the figure illustrated 

the proteins profile of A. niger appeared to 

similar with the combined fungi proteins, but 
only fungi combined proteins profile contained 

proteins not observed in the individual fungus 

culture. These further proteins are undoubtedly 
related to the others degrading pectinase and 

ligninase enzymes, this case was also reported 

by Hu, Martinez, and they co-workers, that an 

increase of laccase activity was observed for A. 
niger and P. chrysosporium co-culture 

(Martinez et al 2004). The proteomics studies 

on the cellulase enzyme have been further con-
firmed that, several extracellular fungal pro-

teins observed due to the increasing on their 

synergistic action which were resulted from 
the release of cell separating exo-enzymes of, 

carboxymethyl cellulase, cellulase, xylanase, 

pectinase and other enzymes. Therefore, the 

hole hydrolase enzyme can be used to design a 
mixture of enzymes. 

 

3.5 Saccharification and bioethanol produc-

tion  

 

The process of enzymatic degradation has 
been followed for achieved the effectually oli-

gosaccharides hydrolyze into fermentable sug-

ars (Table 4), the saccharified sugars yields 

and bioethanol production varied among the 
type of supplemented peels into production 

medium. Also, the bioethanol produced de-

pended on the type of inoculated yeast strain. 
The mango and banana peels showed the high-

est saccharification of pentose and hexose sug-

ars, the total released fermentable sugars 

reached to by 27.77 and 21.13 g.l-1, respec-
tively. In case of watermelon peels, the re-

leased fermentable sugars found to be at mod-

erated level by 19.56 g.l-1, while orange peels 

produced 15.97 g.l-1 at the lowest level of total 

fermentable sugars. Therefore, the bioethanol 

yield produced by single S. cervisiae fermen-
tation was the best by 9.19, 6.07, 5.62 and 4.45 

g.l-1 from saccharified peels of banana, water-

melon, mango, and orange, respectively. As 

expected, the co-fermentation showed an in-
creasing in bioethanol productivity by more 

than 18% as average percentage for all sac-

charified fruits peels. The maximum bioetha-
nol productivity obtained from saccharified 

banana peels by 10.74 g.l-1. Although, the 

mango peels founded to composite a good 

yield of oligosaccharides which they converted 
into a good yield of fermentable sugars, but the 

presence of high percentage of lignin compo-

nents may resulted a microbial inhibitors de-
rivative as well orange peel. These presented 

results matched with those obtained by (Reddy 

et al 2003, Li et al 2010), which they have re-
ported that, the mango peels released good 

amounts of fermentable sugars, but the ethanol 

yield was very low by direct fermentation. On 

other hand, the bioethanol azeotropic separa-
tion process coupled by addition of calcium 

oxide as drying agent which led finally to 

achievable 95.5 wt % of pure bioethanol. The 
distillation of bioethanol formed on fermenta-

tion broth will lead to produce azeotropic pure 

ethanol with 95.5 wt % of final purity, to re-
move the remaining water, duplicate process 

applied to reach anhydrous ethanol 97.9 wt % 

(Kumar et al 2010). Among several expanding 

fruits peels fermentation is well known world-
wide, other saccharified peels fermentation is 

extremely rare, but it is already available due 

to their sugars rich contents (Reddy et al 2003). 
Until now, the fruit peels fermentation has 

mainly been covered for only lignin free resid-

uals due to technical and economic considera-

tions, while a lot of fruit peels residue disposed 
as waste can become low-cost substrates for 

biofuel production (Banerjee et al 2010, Lee et 

al 2014). 
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Table 4. Total saccharified sugars and bioethanol yields from S. cerevisiae, K. marxianus and its co-fer-

mentation 
 

Saccharified 

fruits peels 

Total enzymatic released sugars g.l-1 Bioethanol g.l-1 by yeasts strains 

Pentose 

sugars* 

Hexose 

sugars* 

Mixed 

sugars* 
S. cervisiae 

K. 

marxianus 
Co-fermentation 

Banana 6.08 ± 0.6 22.13 ± 0.2 27.77 ± 0.7 9.19 ± 0.2 7.67 ± 0.7 10.74 ± 0.8 

Mango 5.39 ± 0.4 16.26 ± 0.7 21.13 ± 0.3 5.62 ± 0.5 4.89 ± 0.5 6.75 ± 0.7 

Watermelon 5.26 ± 0.3 14.47 ± 0.4 19.56 ± 0.4 6.07 ± 0.3 5.36 ± 0.3 7.35 ± 0.5 

Orange 4.08 ± 0.7 12.05 ± 0.5 15.97 ± 0.6 4.45 ± 0.5 3.89 ± 0.6 5.31 ± 0.7 

The values are mean of three replicates ± standard deviation. 

*Pentose, hexose, and mixed sugars (as xylose, glucose and with fructose mixture, respectively). 

 

 

 

4 Conclusion 

 

Fruit peels wastes annually accumulate in 

huge amounts, the most discarded fruit peels 

were selected to determine their added values, 
the peels of (Orange, Banana, Mango and Wa-

termelon) were effectively fractionated into 

their beneficial composition of oligosaccha-
rides. The total proteins, starch, pectin, lignin, 

celluloses, hemicellulose fractions were de-

tected in terms of dry weights percentages for 
the studied fruit peels. The highest oligosac-

charides levels (62.3%) were in mango peels 

but with high levels of fermentation inhibitor 

lignin content. While banana peels also given 
high oligosaccharides levels (59.52%) with the 

lowest level of lignin. During the degraded 

fungal enzymes co-production, no antagonistic 
phenomenon was observed between the stud-

ied co-cultivated fugal strains of Aspergillus 

niger and Phanerochaete chrysosporium, that 
the co-cultivation can improve extracellular 

enzyme secretion which resulted an increasing 

in exo-enzymes activities by 5.9, 8.7 and 81.4 

nmol.min-1.ml-1 for β-glucosidase, cellulase, 
and xylanase, respectively. The SDS-PAGE 

protein profiles achieved that, co-cultivation of 

the two fungi results in improved the relevant 
exo-enzymes, the combined fungal profile was 

contained proteins not observed in the fungus 

monoculture. On other side, bench top lab-

scale biostatic reactor was carried out for exo-
enzymes production and saccharification. The 

total saccharified pentose and hexose ferment-

able sugars from banana, mango, watermelon, 

orange peels were 27.77, 21.13, 19.56 and 
15.97 g.l-1, respectively. Two sexual regenera-

tive yeast strains belong to Saccharomyces 

cerevisiae and Kluyveromyces marxianus con-

tributed for co-production of bioethanol. The 
productivity of bioethanol increased by more 

than 18% as average percentage for all sac-

charified peels, most substantial yield was 
from saccharified banana peels by 10.74 g.l-1. 

Additional distillation process was applied by 

adding various drying agents, the adding of 
calcium oxide increased the purity which leads 

finally to 97.5 wt % of pure ethanol. 
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