
Introduction
The massive imbalance between the cultivation and 
consumption of food has been derived from the average of 
30%-40% food waste around the globe. In recent years, the 
effect of fruit waste is identified as a major concern in the 
factors contributing to the global environmental burden, 
due to many factors.1 In developing countries, the majority 
of small and micro-scale industries facing the constraints to  
manage the fruit wastes which are generated during their 
operations. Thus, processed fruit waste has been considered 
to be economically no value compared to the fruit products. 
Hence, an extremely high amount of fruit waste is discarded 
in the environment in an informal way by fruit processing 
industries and also by local fruit juice shops. As this fruit 
waste is rich in moisture and nutrients, it favors the microbial 
growth, and as a result persistently leads to environmental 
pollution.1 

In order to solve this issue, the bioconversion of these 
fruit wastes into value-added renewable substrates for the 

production of bio-actives such as BS is considered to be a 
major significance in the near future due to the benefits it 
has such as, pollution remediation, easiness and being cost-
effective, less energy and capital cost, gained revenue from 
waste, economic development, etc.2 In recent years, the BS 
(surface-active molecules of biological origin) has received 
interest compared to synthetic surfactants, because of the 
advantages it has such as biodegradable, less toxicity, pH and 
temperature tolerance, environmental compatibility, high 
foam formation, etc.3  The processing of fruit peels produces 
substantial volumes of by-products often containing valued 
compounds in their peel. These by-products pose a complex 
economic burden on the production and additional waste 
disposal problem.4 

Researchers have utilized fruit peels as a supplementation 
in the media for the production of BS by mostly a single 
microorganism which is capable of producing BS. Kumar 
et al.5 utilized orange peel as the best substrate for Bacillus 
licheniformis to yield 1.796 g/L of BS and emulsification 
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activity of 75.17 % against diesel. The BS producing bacteria 
was evaluated by Chooklin et al6 for BS production by using 
the banana peel as a sole carbon source. The highest BS 
production (5.30 g/L) was obtained when the Halobacteriaceae 
archaeon AS65 cells were grown in a minimal salt medium 
containing 35% (w/v) banana peel and 1 g/L commercial 
monosodium glutamate at 30°C and 200 rpm after 54 hours of 
cultivation. Rosukon from Thailand has developed a simple 
and inexpensive method to produce bio-cleaners by using 
only the natural microbial flora existing in the fruit peel waste 
with the addition of brown sugar and water.7  Different fruit 
peels such as pineapple, lemon and banana have been widely 
used for the production of bio-cleaners even in commercial 
aspects and all these benefits the outcome of 90 days 
fermentation.7 According to the literature review, no report 
has been observed as an evidence of the impact of 30 days 
fermentation of fruit peels such as avocado, banana, lemon, 
pineapple for the production of bio-cleaners/BS. Hence, the 
present study has aimed to explore the possibility of producing 
bio-cleaners/BS during 30 days of submerged fermentation 
of selected fruit peels. Also, the present study evaluates the 
preliminary emulsification and stain removal activity of 
fermented solutions (FS) as an indicator of BS activity.  

Materials and Methods
Fruit wastes such as banana, avocado, lemon, and pineapple 
were collected from various fresh juice stall available in 
the surroundings of Addis Ababa Science and Technology 
University, Addis Ababa, Ethiopia. The fermentation medium 
was prepared in a plastic screw cap container with mashed 
fruit peels (250 g), molasses (20 mL) and water (2 L) and were 
allowed to ferment for 30 days in dark conditions under room 
temperature (29 ± 2oC). The pH changes in the fermented 
medium were measured once in a week for 30 days. The same 
setup was prepared for the above-mentioned fruit peels with 
and without 2 mg of yeast (Saccharomyces cerevisiae). The 
fermented culture was filtered through a Whatman no. 1 filter 
paper and centrifuged at 5000 × g for 20 minutes and was used 
as crude bio-actives for further experiments. The fermented 
solutions of avocado, banana, lemon, and pineapple were 
labeled as AFS, BFS, LFS, and PFS (without yeast) and AYFS, 
BYFS, LYFS, and PYFS (Yeast added solution) respectively 
for further identification. The emulsification index (E24) of 
FS was determined by mixing 2 mL oil (olive oil, sesame oil, 
coconut oil, castor oil, sunflower oil, and cumin oil) with 2 mL 
of fermented solutions according to Cooper and Goldenberg.8  
The foam formation of FS was observed by handshaking 
the crude solutions for several minutes. The stain removal 
activity of FS was measured by immersing the cloth spotted 
(1x1 cm) with dye (Congo red and Methyl violet) into the FS 
for 2 hours and the visible color removal was recorded. The 
phytotoxicity of the FS was evaluated in a static test by seed 
germination of Mung bean (Vigna radiata) and Fenugreek 
(Trigonella foenu-graecum) in a petri dish containing blotting 
paper according to Das and Kumar.9 In all the experiments, 
Tween 20 and Distilled water were used as a positive and 
negative control, respectively. The FS was treated by acid 
precipitation to extract the BS, by adding drops of 6N HCl 

until the solution reached pH 2.0 and was stored at 4oC for 
overnight precipitation.10 All the experiments were performed 
in triplicates and average values were reported.

Results
The initial pH was observed as 5, 5.3, 4.2, and 5.4 for the 
fermented medium with the fruit peels such as avocado, 
banana, lemon, and pineapple respectively. The pH did not 
change a lot during the fermentation for the fruit samples 
with avocado and banana. This is while, a significant 
reduction of pH was observed in the fermentation medium 
of lemon and pineapple inoculated without yeast compared 
to the one with added yeast (Figure 1).  All FS have exhibited 
the emulsification effects on olive oil, sesame oil, coconut oil, 
castor oil, sunflower oil, and cumin oil, and the E24 calculated 
in the range of 20%-67% (Figure 2). The cumulative 
emulsification effects of each FS against all 6 oils tested in this 
study have been observed as 39%, 50%, 49%, 46%, 40%, 42%, 
53%, and 48% for AFS, BFS, LFS, PFS, AYFS, BYFS, LYFS, 
and PYFS respectively. The foam formation was observed in 
all the FS by handshaking for 2 minutes. This is while, the 
formed foam is not stable more than 5 minutes in all the FS 
except, BYFS, PFS, and PYFS. The total disappearance of the 

Figure 1. pH Variation of the Medium During Fermentation.

Figure 2. Emulsification Index (%) of Fermented Solutions.

http://www.biotechrep.ir


Selected Fruit Peel Waste Fermented Solutions for Biosurfactant Production

http://www.biotechrep.ir                                      J Appl Biotechnol Rep, Volume 6, Issue 2, 2019 71

foam in BYFS, PFS, and PYFS are observed at 10, 13 and 20 
minutes respectively. These three sample results were marked 
as moderate activity and the other remaining sample results 
were reported as negative. The foam stability was disappeared 
in the positive control after 2 hours. The foam formation was 
classified as very strong, strong, moderate and negative for 
the tested samples (Table 1). None of the FS retained the foam 
for more than 1 hour which indicated the limited presence of 
BS molecules in the solution. The color removal efficiency of 
all FS was observed as moderate in cloth with Congo red and 
methyl violet compared with the strong activity of Tween 20 
(Table 1). Seed germination (%) was observed in the range 
as 16%-30% and 30% for FS treated and  Tween 20 treated  
Mungbean seeds respectively. The seed germination was 
perceived as 0% and 20% for Fenugreek seeds treated with 
FS and  Tween 20 respectively.  All the control seeds treated 
with distilled water has 100% seed germination (Table 1). No 
precipitates were observed in the FS-treated with the acid 
precipitation experiment.  

Discussion
Biosurfactant is an amphiphilic biological compound 
produced as part of the cell membrane or extracellularly by 
a yeast, filamentous fungi, and bacteria. It is widely used in 
oil, food and pharmaceutical industries due to its potential 
applications including emulsification, foaming, surface 
activity, etc.11 In recent days, bio-enzymes with BS activity are 
widely produced by employing fruit wastes by fermentation.  
In this aspect, the present study emphasized to study the 
possibility of producing BS in a shorter fermentation period 
of 30 days. Enzymes acting at alkaline pH are receiving the 
attention of detergent industries as a detergent additive.12 In 
this study, the pH value of all FS has been found to be acidic in 
nature, which clarifies these agents. The E24 is a vital indicator 
for the investigation of the emulsification activity of BS and 
is used to estimate the level of BS used for environmental 
pollution like oil recovery.13 The emulsification E24 value 
greater than 50% indicates positive results. In the present 
study, the E24 index of FS has reached the range of 39%-49%, 
except for BFS (50%) and LFS (53%), as an indicator of less 
production of BS during 30 days of fermentation. Due to high 
surface activity, the continuous foam formation happens in the 

BS production process and it acts as an indicator for effective 
BS formation.14 The absence of strong foam formation and 
less stability observed in the FS prepared in this study is an 
added evidence for the absence of high BS production. Even 
the absence of strong BS in FS and the color removal efficiency 
which was found to be moderate in the cloth treated with FS, 
maybe due to the presence of alcohol which was produced 
during the fermentation of 30 days. Germination of seeds 
treated with FS is suggesting that the FS has failed to fulfill the 
characteristics of lower toxicity and higher biodegradability 
which is a key factor of BS application.15 Germination value 
of more than 80% has been considered as an indicator of the 
disappearance of phytotoxicity.16 The obtained results (16%-
30%) in this study indicated that the FS showed inhibitory 
effects on seeds. In addition, no precipitates were produced 
in a FS after 24 h incubation of acid precipitation, which 
supports the no production of sufficient BS in all FS at 30 
days fermentation. The profile of individual cell growth 
was not given consideration due to the presence of various 
microorganisms in FS at earlier stages. It is known that the 
presence of other microbes will be reduced from the first week 
to fourth week, due to the formation of alcohol in the FS. It 
was observed that only yeast cells are predominantly present 
in the later stages of fermentation.17 Moreover, the main 
objective of using the yeast strain in one set of  experiments 
was to compare the efficiency of yeast as a catalyst to enhance 
the fermentation process. Since no difference is found in 
the activity of FS with and without yeast during the 30 day 
fermentation period, further research has not been carried 
out on biomass content. 

Conclusions
The present study was centered on a 30-day fermentation 
experiment of selected fruit peel waste with and without 
yeast to assess the possibility of BS production. The results 
of a series, preliminary analysis, such as pH, Emulsification 
activity, foam formation and stability, color removal and 
seed germination experiments yielded useful information 
regarding the production possibility of BS in a 30 day 
fermentation period. It can be concluded that the 30 days 
fermentation is not satisfactory and has failed to produce a 
more amount of BS with an efficient activity. Still, the peels of 

Table 1. Biosurfactant Characteristics of Fermented Solutions

Sample

Biosurfactant activity

Foam Characteristics Color Removal Efficiency From Cloth Seed Germination (%)

Foam Formation Foam Stability Congo Red Methyl Violet Mung Bean Seed Fenugreek Seed

AFS + - + + 30 -

AYFS + - + + 16 -

BFS + - + + 16 -

BYFS ++ + + + 16 -

LFS + - + + 16 -

LYFS + - + + 16 -

PFS ++ + + + 25 -

PYFS ++ + + + 16 -

Tween 20 ++ ++ ++ ++ 30 20

Distilled Water - - - - 100 100

(++ Strong; + Moderate; - Negative).
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fruits such as avocado, banana, lemon, and pineapple can be 
effectively used as a substrate for a successful production of 
BS in an extended/sufficient period of fermentation. 
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