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Production of single-cell proteins (SCP) utilizing food wastes is an alternative solution to meet the global protein shortage and
minimize pollution problems. Utilization of fruit wastes to produce SCP via fermentation using Saccharomyces cerevisiae for
animal feed and potential human food was studied. The waste materials such as Mango (Mangifera indica), Prickly Custard Apple
(Annona muricata), Pineapple (Ananas comosus), Papaya (Carica papaya), Banana (Musa accuminara Colla), Mangosteen
(Garcinia mangostana), Cashew apple (Anacardium occidentale), Cacao (Theobroma cacao), Jackfruit (Artocarpus heterophyllus),
and Pomegranate (Punica granatum) were used as the substrates for SCP production. Maximum biomass production yield and
protein production were significantly higher on the fourth day (P <0.05) in all the fruit waste substrates. The maximum dried
biomass and the protein production were significantly higher (P <0.05) in the PAM substrate (0.429 +0.004 g and 48.32 +2.84%
resp.) than the others, and PGM substrate yielded significantly lower biomass and protein. Considering the moisture content and
ash content, the highest values were observed in JM and BM substrates, respectively, while the least values were observed in CM
and PGM substrates. The bulk density values were ranging from 0.31 to 0.61 g/cm”. The values for water absorption capacity and

oil absorption capacity (mL/g) were high in all substrates, and they were comparable to each of them.

1. Introduction

The world population is overgrowing, but the individual
dietary protein requirement is not fulfilled consistently since
industrialization increases without full fill human needs and
requirements towards a healthy life. Protein supply poses a
problem because essential amino acids cannot be replaced
[1]. Although the developed countries have sorted out dif-
ferent ways to fulfill their protein supplementations, the
developing countries are unable to build up their production
capacity and economy to meet the demand for protein
manufacturing. This results in the malnourishment of a vast
population, especially infants and children [2]. The specific
protein deficiency disorders in the people suffering from
malnutrition are Kwashiorkor and Marasmus [3]. Proteins

are essential biomolecules, function as structural compo-
nents of cells, tissues, muscles, and organs, and are necessary
to carry out the metabolic process and production of en-
zymes and some hormones [4].

SCP is dried cells of microorganisms used as a protein
supplement in human foods or animal feeds by extracting
the total amount of proteins from pure cultures or cocultures
of bacteria, yeasts, fungi, and microscopic algae [5]. Most
SCPs are used as an animal feed supplement, and very few
are documented as food for human consumption [6]. Fats,
carbohydrates, nucleic acids, vitamins, and minerals are
present in SCPs [7]. Lysine and methionine are the abundant
amino acids present in SCPs, which are limiting in most
plant and animal-based diets [8]. There are essential re-
quirements when producing SCPs, such as physically or
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chemically pretreated carbon source, nitrogen, phosphorus,
and other nutrients. Those components are needed for the
optimal growth of the selected microorganism. Also,
maintenance of sterile conditions or hygienic conditions is
essential to prevent contamination, pure microorganism
culture, and adequate aeration must be provided due to the
high aerated process [9].

Although to produce biomass of SCPs, bacteria, yeast, fungi,
and algae are used widely, yeast SCP is a high-nutrient feed
substitute [10]. The advantages of yeast to use as a common
microorganism to produce SCPs are being easy to harvest be-
cause they are larger than bacteria, high level of malic acid
content, high lysine content, the ability to grow at acidic pH, and
long history of traditional use [11]. Common substrate for SCP
production is starch, molasses, fruit, and vegetable wastes.

Using plant-based substrates to produce SCPs becomes a
more effective method to overcome the problem of waste
management and leads to minimum cost for raw materials
[12]. Further, agricultural waste as a source for SCPs could
contribute to conserving the fixed carbon resources produced.
The present investigation was carried out to assess the po-
tential of various fruit wastes for cost-effective yeast biomass
production. In this study, the waste materials (peels/meso-
carps) of Mango (Mangifera indica), Prickly Custard Apple
(Annona muricata), Pineapple (Ananas comosus), Papaya
(Carica papaya), Banana (Musa sp.), Mangosteen (Garcinia
mangostana), Cashew apple (Anacardium occidentale), Cacao
(Theobroma cacao), Jackfruit (Artocarpus heterophyllus), and
Pomegranate (Punica granatum) were introduced as a po-
tential substrate for fermentation to produce bio protein
which can be used in food as such or as animal feed.

2. Materials and Methods

2.1. Materials. In this study, waste materials of Mango
(Mangifera indica), Prickly Custard Apple (Annona mur-
icata), Pineapple (Ananas comosus), Papaya (Carica papaya),
Banana (Musa sp.), Mangosteen (Garcinia mangostana),
Cashew apple (Anacardium occidentale), Cacao (Theobroma
cacao), Jackfruit (Artocarpus heterophyllus), and Pomegranate
(Punica granatum) were used as a carbon source for fer-
mentation by Baker’s yeast. All the fruits and Baker’s yeast
(Mayuripan brand) were purchased from the supermarket in
Colombo (Kiribathgoda), Sri Lanka.

2.2. Preparation of Fruit Waste Media. The fruits were washed
five times with regular tap water and twice with sterile distilled
water, and the remaining water was removed by sterile cotton.
The peels of fruits were collected to further experiments.
They were blended separately with sterile distilled water in
a 1:1ratio (g/g) to obtain a pulp. Then, the blended fruit waste
pulps were filtered through a muslin cloth to trap the solid
residues. Then, 100 ml of the above pulps were separately
added to 250 mL Erlenmeyer flasks and autoclaved at 121°C
for 15 psi and 15 minutes. Samples were prepared in triplicate.

2.3. Preparation of Baker’s Yeast Culture. Baker’s yeast was
soaked in sterile sugar water (1 :4 w/w) overnight. Then, it was

Journal of Food Quality

cultured on Yeast Peptone Dextrose Agar media (YPDA),
which contains Yeast Extract 10 gL’l, Peptone 20 gL’l,
Dextrose 20 gL', Agar 15 g/L to confirm it as a pure culture by
observing the pure yeast colonies. The cultures were main-
tained in YPDA plates and as glycerol stocks.

2.4. Media Preparation for Fermentation. The fruit waste
pulp media was prepared with the following compositions
[13]. The fruit waste pulp 100 mL/L was mixed separately
with end concentration of KH,PO, 1.0 g/L, MgSO,.7H,0

0.5g/L, NaCl 0.1 g/L, CaCl, 0.1 g/L, and the total volume
of the mixture were maintained to 1000 mL by adding
distilled water. The pH of the media was maintained at 5.0 by
adding 1.0N.

H2S04 or 1.0 N NaOH: The mixture was autoclaved at
121°C for 15 psi and 15 minutes. Then, 50 mL of each
mixture was inoculated with baker’s yeast in sterile 1X PBS
(500 uL), at ODggo=0.5. Then, the inoculated flask was
placed on a shaking incubator at 100 rpm at room tem-
perature. After fermentation, the mixture in the flask was
poured into a centrifuged tube and centrifuged at 4000 rpm
for 20 minutes. Then, the sediment was collected and
weighed before drying. After that, collected sediment was
oven-dried at 50 "C for 16 hours until getting constant
weight. According to the Kjeldahl method, dry weight was
measured, and protein content was estimated at every two
days’ interval for eight days.

2.5. Moisture Content. The moisture content was calculated
according to the following formula.

Initial weight — Final weight
(Initial weig inal weig )>< 100%.

(1)

Moisture content =

Initial weight

2.6. Ash Content. Two grams (2g) of SCP was kept in a
muffle furnace at 500 + 5°C for 24 hours, and the final weight
was measured after cooling the mass in a desiccator. The ash
content was calculated according to the following formula.
(Final weight of ash left)
Initial weight before drying

Ash content = x 100%. (2)

2.7. Bulk Density. Five grams (5g) of SCP obtained from
different fermentation media were separately placed in a
polypropylene measuring cylinder and taped until no ap-
parent reduction of the volume was observed. The bulk

density was expressed as gcm .

2.8. Water Absorption Capacity. Water absorption capacity
(WAC) was measured according to the procedure described
by [14]; ten milliliters (10 mL) of distilled water was added to
2 g of SCP from each fermentation media and allowed in a
static position. After 30 minutes, each mixture was centri-
fuged at 2000rpm for 45min. WAC was expressed as
percent water bound with each SCP.
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2.9. Oil Absorption Capacity. Two grams (2g) of SCP was
mixed with soybean oil (specific gravity: 0.902) and allowed
in a static position for 30 minutes at room temperature.
Then, each mixture was centrifuged at 2000 rpm for 45 min
and expressed as percent oil bound with SCP [14].

Media for each fruit were denoted as MM, PCAM, PAM,
PM, BM, MSM, CAM, CM, JM, and PGM for Mango
(Mangifera indica) media, Prickly Custard Apple (Annona
muricata) media, Pineapple (Ananas comosus) media, Pa-
paya (Carica papaya) media, Banana (Musa) media, Man-
gosteen (Garcinia mangostana) media, Cashew apple
(Anacardium occidentale) media, Cacao (Theobroma cacao)
media, Jackfruit (Artocarpus heterophyllus) media, and
Pomegranate (Punica granatum) media, respectively.

2.10. Statistical Analysis. All the experiments were done in
triplicate, and biological replicates were carried out unless
otherwise indicated. The mean values and standard devia-
tions were used to plot the graphical representations. A
paired sample ¢-test was carried out for the determination of
significant differences (P <0.05) between the mean values
with IBM SPSS 23 software.

3. Results and Discussion

Proteins, fats, carbohydrates, ash ingredients, water, and other
elements such as phosphorus and potassium are rich in SCPs
[15]. Aside from the nutritional benefits of SCP, another
benefit of SCP technology is constant production throughout
the year. Water management strategy plays a vital role by
using the waste material as the substrates [16]. A small area of
land is required, and SCP is made in less time. In this study,
the above fruit wastes were used according to bioavailability
and affordability. These fruit wastes are one of the locally
available agrowaste rich in organic matter that can be used as
carbon and energy sources for microorganisms to grow to
SCP production. The study investigated the viable potential of
selecting peels/mesocarps of Mango (Mangifera indica),
Prickly Custard Apple (Annona muricata), Pineapple (Ana-
nas comosus), Papaya (Carica papaya), Banana (Musa),
Mangosteen (Garcinia mangostana), Cashew apple (Ana-
cardium occidentale), Cacao (Theobroma cacao), Jackfruit
(Artocarpus heterophyllus) and Pomegranate (Punica gran-
atum) as a substrate for SCP production. Through heat
treatments, these wastes were converted to fermentable sugar.

Yeasts are active in an extensive temperature range with
an optimum temperature of 32°C-35°C [17]. It is essential to
maintain the pH when growing yeast cultures [18]. To assess
the nutritional value of SCP, it is essential to consider factors
such as nutrient composition, amino acid profile, and vi-
tamin and nucleic acid content, as well as palatability, al-
lergies, and gastrointestinal effects [19].

Batch fermentation can be considered as a closed system
[20]. Initially, when the time is zero, the sterile nutrient
solution in the fermenter is inoculated with microorganisms
and incubated to ferment. As a result of the metabolism of
the cells, the composition of the culture medium generally
changes (the biomass concentration and the metabolite

concentration). Under optimum physiological conditions,
the inoculation of a sterile nutrient solution with micro-
organisms and cultivation can undergo four typical phases of
growth, namely, the lag phase, log phase, stationary phase,
and death phase [21]. The growth of the newly inoculated
batch typically follows these mentioned phases. Initially, in
the lag phase, the cell concentration does not increase very
much [22]. But, when the composition of the medium and
the environmental conditions in the seed culture is identical
with no need for adaptation, a short lag phase occurs.

Figure 1 illustrates the dried biomass with the days’ in-
terval of each media. Considering each media overall, the
dried biomass increased with the increasing four days sug-
gesting that fermentation progressed gradually in those days.
The optimum biomass was obtained on the 4™ day in all the
fruit waste media, and the biomass yields were decreased
gradually, suggesting nutrient depletion in the growth media.
Those values are 0.383 +0.002, 0.342+0.004, 0.429 +0.004,
0.400+£0.003, 0.321 £0.004, 0.301 +£.002, 0.391£.001,
0.360+£0.003, 0.370+0.002, and 0.244+.002g for MM,
PCAM, PAM, PM, BM, MSM, CAM, CM, JM, and PGM,
respectively. Though the biomass yield was higher (P <0.05)
in all days in PAM comparing to other media, the least
biomass yield (P < 0.05) was in PGM in all the days’ intervals.
This may be the high sugar content and nutrients in PAM.
Over the decades, several studies have focused on exploiting
pineapple waste as animal feed. However, some researchers
have reported the unattractive nature of by-products from the
pineapple processing industry due to its high fiber content
and soluble carbohydrates with low protein content. This
investigation agrees with [23] reporting that pineapple waste
is the best substrate for the production of yeast biomass. The
growth of fungi depends on the nutritional composition of the
waste material and that can help to increase the mass [24].
Since Mango contains more nutrients, it can also be used to
produce a sufficient amount of SCP [25]. Further, considering
the carbohydrates and other nutrients, banana waste also
contains a high amount of chemical compositions than other
waste, and it supports faster growth of the fungus [26]. Al-
though the carbohydrate composition in waste of Mangosteen
and Pomegranate is not comparable to Pineapple waste, that
media also contain considerable biomass in dry weight
[27, 28]. Jack fruit peels also contained a high amount of
carbohydrates and protein amount, which is a good source to
grow yeast or other fungi to produce SCPs [29]. Although
Cashew apple is rich in minerals and vitamins, it contains a
few amounts of carbohydrates and proteins, which can be
used as a substrate to yeasts [30].

Measuring protein content is very important when
considering the SCPs. Figure 2 illustrates the total protein
percentages of each fruit waste pulp media with the days’
intervals. Overall, the protein percentages increase in the
first four days in each sample and then decrease gradually.
This is because the nitrogen supplementation/dissolved
nitrogen in the media is limited to the increasing growth
rate. Further, other nutrient factors also are affected by the
final production of nitrogen mass. According to Figure 2, the
significantly (P <0.05) highest protein percentage was ob-
served in PAM, and the significantly (P <0.05) lowest
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FI1GURE 1: Dried biomass (g) of Bakers’ yeast yield, produced in the various fruit wastes media in submerged fermentation at 100 rpm on a
time course basis. Each data point represents the mean + standard deviation (n=3, *P <0.05).
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FIGURE 2: Protein content (%) of Bakers’ yeast biomass using
various fruit wastes media in submerged fermentation at 100 rpm
on a time course basis. Each data point represents the mean-
+ standard deviation (n=3, *P<0.05).

protein percentage was in PM. This is maybe due to the high
nitrogen content in the PAM [31] and low content of ni-
trogen in the PM [32]. The protein percentages on the fourth
day are 33.98£2.21, 19.58 +4.21, 48.32 +2.84, 42.14 + 1.56,
15.32+3.64, 11.57+3.58, 37.28+3.64, 24.31%1.28,
28.68 +£1.98, and 9.64 + 1.22% for MM, PCAM, PAM, PM,
BM, MSM, CAM, CM, JM, and PGM, respectively. Pro-
duction of yeast protein is correlated with the nitrogen
compound used in the culture medium [33]. Although
protein content was calculated by multiplying total nitrogen
by 6.25, Figure 2 obtained for protein must consider other

nitrogenous compounds such as purine, pyrimidine, nucleic
acid, and amino sugars, in addition to true protein.
Therefore, the amino acid profile of the yeast protein is more
important if we consider it in amino acid levels. This suggests
that amino acid content takes on considerable importance if
yeasts are to be utilized as an inexpensive source of protein to
supplement poor quality proteins or to serve as components
of protein-rich foods.

In food processing and testing, measuring moisture
content is one of the most commonly used measurements. It
is due to the relation of moisture content with the alteration
of food during the storage and processing and hence affects
the final quality. The moisture content in percent was cal-
culated from the weight loss, and the results are shown in
Table 1. The highest moisture content was observed in the
JM media significantly (P < 0.05) while the least value was in
CM significantly (P <0.05). The values in MM, PCAM,
PAM, PM, MSM, and PGM for moisture content were
significantly (P <0.05) different from other values, while the
values of CM were different from all the other samples
significantly (P <0.05). Overall, the values of moisture
content are varying from 6 to 9%. Measuring ash content
refers to the inorganic residue remaining after either ignition
or complete oxidation of organic matter in a food sample.
The inorganic residue of the food sample refers to the total
mineral present in the sample. So, the total ash content
represents the proximate analysis for nutritional evaluation.
The ash content of SCP was expressed as percentages of the
dry weight Table 1. The significantly (P <0.05) highest ash
content was observed in BM, and the least value was ob-
served in PGM, suggesting that the highest total mineral
content was in BM while the least value was in PGM. The
values of MM, CAM, JM, and PGM were significantly
(P <0.05) different from all other samples, while the value of
BM is significantly (P<0.05) different from all other



Journal of Food Quality

TaBLE 1: Proximate composition and functional properties of SCP from various substrates.

Moisture content (%) Ash content (%) Bulk density g/cm® Water absorption capacity mL/g Oil absorption capacity mL/g

MM 7.12+0.62° 6.23 +£0.66" 0.53+0.12%
PCAM 7.52+0.88" 7.45+0.35" 0.45+0.52"
PAM 7.08 +£0.32% 7.86+0.51° 0.43 +0.14*
PM 6.94 +0.41° 7.51 +0.42° 0.44 +0.47°
BM 7.58 +0.56" 8.91+£0.12° 0.54+0.09"
MSM 6.97 +0.21° 8.11+0.28° 0.61 +0.31°
CAM 8.02+0.88" 6.30 +0.75" 0.48 +0.12%
CM 6.34+0.45° 5.64+0.33¢ 0.31+0.19°
M 8.75 +0.30¢ 6.23+0.15° 0.53 +0.44"
PGM 7.35+0.55" 6.21 +0.48" 0.54+0.67"

214 +1.01° 1.89 +0.12*
1.98 +0.12% 1.71 £0.15*
1.96 +£0.37° 1.70 +£0.21*
2.02+0.52° 1.68 +0.23"
2.20+0.67° 1.78 £0.39°
2.51+0.97% 1.81+0.12°
1.80+0.12% 1.71+0.74*
1.74+0.37° 1.59+0.39"
2.02+0.41* 1.83+0.16*
2.06 +0.09" 1.90+0.12%

samples. Functional properties of a food sample describe
how ingredients behave during preparation and cooking and
how they affect the finished food product in terms of how it
looks, tastes, and feels. The bulk density is described as the
mass of many particles of the material divided by the total
volume they occupy, which includes interparticle void
volume, particle volume, and internal pore volume. Con-
sidering overall bulk density values of SCP, the values were
ranging from 0.310.61 g/cm3, and they were comparable.
SCP produced in fruit waste has higher water absorption and
oil absorption capacity comparatively which indicate the
implementation in bakery industries; thus, it is an important
functional property such as the consistency, mouthfeel and
flavor stability, and enhancing and preservation.

Letters a, b, and ¢ were used to compare statistical
significance (P <0.05) in the same column. Each data point
represents the mean + standard deviation (n=3).

These results can be compared with [34], which is a
similar work that has been done with pineapple wastes.
Further, proper aeration of the growth medium is very
important in fermentation. Inadequate aeration in baker’s
yeasts propagation results in the production of ethyl alcohol
rather than cell substance, which is reflected as a loss in
cellular yield, suggesting that overaeration, however, serves
no useful purpose and hence maintaining the proper growth
conditions are required.

4. Conclusions

The above-mentioned fruit waste substrates are readily
soluble in the growth medium, and the problem of contact
of the yeast with the substrate is not encountered. The
oxygen requirements in such systems are high due to the
fact that the hydrocarbons are in a lower state of oxidation
than the usual carbohydrates. These substrates are easily
available, do not require separation or solvent removal, and
require less agitation and cooling than hydrocarbon fer-
mentation because these substrates release lower heat than
hydrocarbons. The SCPs by yeast mainly depend on the
cost of the substrate and the capital investment, including
all associated costs such as collection, transportation,
purification or separation, and sterilization. Since tre-
mendous amounts of fruit wastes are available, the cost of
the raw material will be low or negligible.

Since fruit waste substrates do not need purification and
separation, preparation costs would be minimal compared

with the use of hydrocarbons or other wastes. But if cellulose
is used as a substrate, pretreatment, that is, acids, alkalis, and
size reduction, is necessary to improve enzymatic hydrolysis
rates. These considerations are of considerable significance
in cases where the incorporation of low-technology ap-
proaches is essential.

Data Availability

All the data have been indicated in the paper either as tables
or graphs (figures).
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