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Abstract

Post-consumer food waste (FW) is a sustainable source of nutrients that could be
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FW has a relatively low protein content. Bioprocessing can help improve the nutri-
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tional composition of FW prior to using it in aquafeed. The present study assessed
the potential benefits of substituting part of juvenile Nile tilapia (Oreochromis niloti-
cus) diets with yeast-fermented oil-extracted FW (FWY). Seven isonitrogenous diets
(34% crude protein) were prepared, replacing the standard formulation with O, 15, 20,
25, 30, 35 and 40% FWY. Juvenile O. niloticus (11.07 + 0.01 g) were size sorted and
stocked into 21 tanks. Each diet was randomly assigned to three replicate tanks, and
fish were offered their respective diets for 6 weeks. Results suggest that up to 30%
of Nile tilapia feed can be substituted with FWY without significant effect on final
body weights and lengths, feed conversion ratio, specific growth rate, hepatosomatic
and viscerosomatic indices, body moisture, protein and lipid content of fish. Using an
inexpensive ingredient such as FWY to replace 30% of traditional aquafeed ingredi-

ents is a promising approach towards decreasing aquaculture production cost without
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1 | INTRODUCTION

Aquaculture contributes more than half of global seafood produc-
tion (FAO, 2018), and most of aquaculture today relies on manu-
factured feeds (FAO, 2020). Aquafeeds generally contain between
30% and 50% proteins, as most aquatic animals require substan-
tial amounts of proteins to grow well (Kaushik & Hemre, 2008;
Rombenso et al., 2021). However, feed ingredients rich in protein
such as fishmeal (FM) are expensive and non-sustainably produced
(Dersjant-Li, 2002), and land-based substitutes are not as environ-
mentally friendly as we wish (Malcorps et al., 2019). Accordingly,
finding sustainable and inexpensive but nutritious sources of protein
is necessary if the industry is to continue to grow.

compromising fish growth and welfare.

bioprocessing, fish feed, food waste, tilapia

Food loss and food waste constitute a major challenge for hu-
mans, mainly because of their impact on the environment and on
food security. More than 850 million people around the world suffer
from long-term undernourishment (Buckle, 2015), yet nearly a third
of the world's food is lost or wasted every year. The food waste (FW)
part is related to consumers' behaviour and is food wasted specifi-
cally at the end of the supply chain (Parfitt et al., 2010), such as post-
consumer food waste. Post-consumer FW is comprised of all food
that is left unconsumed, such as household food waste and restau-
rant plate leftovers (Nasser, Babikian, et al., 2018). Such food waste
is a good source of nutrients and can substitute major aquafeed in-
gredients (Wong et al., 2016). However, FW is not a complete source
of nutrients for fish as the waste lacks certain vitamins and minerals,
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has a relatively low protein content and has a large omega-6 to ome-
ga-3 fatty acid ratio (Castrica et al., 2018; Georganas et al., 2020;
Nasser, Abiad, et al., 2018; ZeinEddine et al., 2021). Therefore, in
order to successfully use FW in aquafeeds, manipulations for nu-
tritional improvements are necessary. One such manipulation of
nutritional makeup of FW is bioprocessing (Hassaan et al., 2018) or
fermentation.

Aerobic solid-state fermentation (SSF) using brewer's yeast
Saccharomyces cerevisiae can improve protein composition of FW
(Jannathulla et al., 2018; Manan & Webb, 2017). Brewer's yeast has
long been used in aquatic nutrition as feed additive or to ferment
feed ingredients, mainly to increase feed protein content and to im-
prove fish welfare (Cesefa et al., 2021; Okafor, 2007). Brewer's yeast
is the main by-product of the brewing industry and has high nutri-
tional value (Altan & Maskan, 2016; Jaeger et al., 2020). Proteins
constitute around 40 to 45% of the microbe's dry mass (Sacakli et al.,
2013; van Urk et al., 1988), and essential amino acids are highly prev-
alent in yeast cells (Yamada and Sgarbieri, 2005). Additionally, yeast
cell wall is made of polysaccharides, comprised mainly of p-glucans,
chitin and mannoproteins (Bzducha-Wrébel et al., 2012; Ran et al.,
2015), which have been shown to have pre-biotic properties, pro-
moting fish growth and improving immune response (Dimitroglou
et al., 2011; Leclercq et al., 2020; Rawling et al., 2021).

In addition to low protein content, FW does not have a suitable
omega-3 fatty acid profile although rich in lipids. Theoretically, micro-
organisms having desaturases and elongases can be used to convert
various fatty acids into EPA and DHA (Kennes, 2018), thus improv-
ing the omega-3 fatty acid content of FW used as aquafeed ingre-
dient. Gayathri et al. (2010) demonstrated the ability of soilborne
Trichoderma spp. and Aspergillus niger to bio-convert oleic acid (OA)
into EPA and DHA. Trichoderma spp. are soil-inhabiting filamentous
fungi (Contreras-Cornejo et al., 2009) that can tolerate a wide range
of environmental conditions and are capable of secreting multiple
exoenzymes and purportedly convert short fatty acids into longer
omega-3 fatty acids. Aspergillus niger is a cosmopolitan filamentous
fungus inhabiting aerobic environments (Lima et al., 2019) that was
also reported by Gayathri et al. (2010) to convert OA to DHA.

The present study investigates the ability of Saccharomyces
cerevisiae to increase the protein content of FW via solid-state
fermentation, and the ability of the moulds Trichoderma virens and
Aspergillus niger to bio-convert some FW fatty acids into EPA and
DHA. Additionally, the optimal inclusion level of bioprocessed FW

in the diets of juvenile Nile tilapia (Oreochromis niloticus) is assessed.

2 | MATERIALS AND METHODS
2.1 | Food waste collection and processing

Post-consumer food waste was collected from a local Lebanese sea-
food restaurant in Beirut, Lebanon. Collected plate food waste was
manually sorted, ground and placed in a forced-air oven at 60°C to
dry to a moisture content of approximately 8%. Dry food waste was

pulverized to an average particle size of 50 pm and stored at 4°C
until used. Eight kilograms of the dry FW were oil extracted using a
grain oil press, yielding a six per cent crude lipid (6% CL) oil-extracted
food waste. The research protocol was approved by the American
University of Beirut Institutional Animal Care and Use Committee.
Research data are not shared.

2.2 | Acquisition of microorganisms

Saccharomyces cerevisiae was purchased as instant yeast granules in
10 g sachets. Contents of a sachet were rehydrated using 240 ml of
warm sterile distilled water. The yeast suspension was plated on po-
tato dextrose agar (PDA), sub-cultured in an incubator at 25°C on slants
of the same medium and stored at 4°C. Trichoderma virens (ATCC®
9645™), and Aspergillus niger (ATCC® 6275™) were purchased from
the American Type Culture Collection (ATCC) as ampoules containing
lyophilized cells including spores and mycelia, suspended in cryopro-
tectant. One pellet of each microorganism was rehydrated in 6 ml of
sterile distilled water. Fungal suspensions were also plated on PDA,

sub-cultured at 25°C on slants of the same medium and stored at 4°C.

2.3 | Screening trial

A pilot experiment was performed to assess the ability of S. cerevisiae
to increase FW protein content, and the ability of T. virens and A. niger
to bio-convert FW into HUFAs such as EPA and DHA. Fungal suspen-
sions were obtained by scraping a 2-day-old S. cerevisiae growth plate
and a 4-day-old T. virens and A. niger growth plates. Fungal biomass
was suspended in 6 ml of sterile peptone water and used to inoculate
FW. Eight combinations of FW and microbes (Table 1) were tested,
and each combination had five replicates. In each replicate, 25 g of
sterilized FW was mixed with 20 ml of distilled water and inoculated
with 100 pl of the fungal suspensions and incubated at 25°C.

Ten days postinoculation, proximate composition of biopro-
cessed food waste was assessed to evaluate microbial activity (pro-
tein increase) in the S. cerevisiae treatments and bioconversion in the
T. virens and A. niger treatments. Samples from all treatments were
oven-dried at 100°C until constant weight. Moisture content was
measured as the weight difference between moist and dry samples.
Protein content was determined in treatments 3 and 8 containing
S. cerevisiae using the Kjeldahl method (Kjeltec™ 8420 auto sampler
system, FOSS A/S), with glycine (18.66% N) as calibration standard.
Lipids were extracted from treatments 1, 2,4, 5, 6 and 7 according to
Folch et al. (1957), and the fatty acid profile was determined by gas
chromatography/mass spectrometry.

2.4 | Fish growth assessment

Based on theresults of the preliminary study, seven isonitrogenous
diets (34% protein and 12% lipid) were formulated. Oil-extracted
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TABLE 1 Microbial combinations used
to inoculate post-consumer food waste in
the preliminary study 1

Treatment

A W N

w

TABLE 2 Ingredients of the feed mix used to prepare diets
offered to juvenile O. niloticus for 6 weeks

Fishmeal (g/Kg diet)? 200
Soybean meal solvent extracted (g/Kg diet)® 337
Soy oil (g/Kg diet) 34
Wheat flour (g/Kg diet) 160
Whole wheat (g/Kg diet) 200
Vitamin and mineral premix (g/Kg diet)® 20
Choline chloride (g/Kg diet) 5
Stay C 250 (g/Kg diet)? 1
CaP-dibasic (g/Kg diet) 2
Cellufil (g/Kg diet)® 40
DL-Methionine 1

?FF Skagen Denmark. Havnevagtvej 12.9990 Skagen.

bDe-hulled solvent extracted soybean meal, Southern Sates
Cooperative Inc.

“The vitamin and mineral premix provided the following per kilogram
of experimental diet: vitamin A (retinyl acetate), 1 million IU; vitamin
D3 (cholecalciferol), 0.1 million 1U; vitamin E (alpha-tocopheryl
acetate), 7 g; vitamin K, 0.5 g; folic acid (niacin), 0.1 g; niacin, 4 g;
calcium pantothenate, 2.5 g; riboflavin (B2), 0.6 g; vitamin B12,

0.001 g; thiamine (B1 nitrate), 0.5 g; pyridoxine (B6 HCI), 0.5 g; biotin,
0.0125 g; vitamin C (ascorbic acid), 0.25 g; inositol 5 g, selenium (as
sodium selenite), 0.0045 g; iodine (as calcium iodate), 0.25 g; iron (as
sulphate monohydrate), 2 g; zinc (as oxide), 5 g; copper (as sulphate
pentahydrate), 0.25 g; manganese (as sulphate monohydrate), 3.5 g;
choline chloride, 75 g; phosphorus (as monodicalcium phosphate), 2.5 g;
sodium chloride (salt), 225 g; and cellulose, 75 g. Calcium carbonate
carrier to balance.

4250 mg kg’1 active vit C supplied by Stay C®, (L-ascorbyl-2-
polyphosphate 25% Active C), Roche Vitamins Inc.

€Alpha-cellulose, Unites States Biochemical Corporation.

food waste was fermented using yeast as described in the screen-
ing trial and used in the present experiment. A feed mix was pre-
pared (Table 2), and yeast-fermented oil-extracted food waste
(FWY) was used to replace 0% (D1), 15% (D2), 20% (D3), 25% (D4),
30% (D5), 35% (Dé6) and 40% (D7) of the diet before extrusion
into pellets. Gelatin (HiMedia Laboratories Pvt., Ltd.) was used as
a binder, replacing 1.0% of the ingredients in each dietary mix.
Ingredients were mixed thoroughly with hot water and extruded in

Type of waste used Treated with

Non-oil-extracted FW Aspergillus niger

Non-oil-extracted FW Trichoderma virens

Non-oil-extracted FW Saccharomyces cerevisiae

Non-oil-extracted FW Trichoderma virens and Saccharomyces
cerevisiae

Non-oil-extracted FW Trichoderma virens and Aspergillus niger

Non-oil-extracted FW Trichoderma virens, Aspergillus niger and

Saccharomyces cerevisiae
Non-oil-extracted FW Aspergillus niger and Saccharomyces cerevisiae

Oil-extracted FW Saccharomyces cerevisiae

a meat grinder using a 3.5 mm die. Pellets were dried in a forced-
air oven at 45°C to a moisture content of approximately 8%. Feed
pellets were ground to required size and stored at 4°C (Table 3).

Nile tilapia (Oreochromis niloticus) used in the present work were
spawned at the aquaculture facility of the American University of
Beirut, Lebanon. Broodstock Nile tilapia were maintained in an out-
doors recirculation aquaculture system (RAS) and offered a 30%
crude protein, 5% crude lipid commercial feed (Grand Aqua for
Fish Feed Inc.) to apparent satiation. Swim-up fry were collected
from the breeding tanks, transported to an indoors RAS and sex-
reversed using tilapia starter feed (Rangen Inc.) supplemented with
17-a-methyltestosterone. Fish were maintained in the indoors sys-
tem until used.

Oreochromis niloticus juveniles were size sorted by hand. Twenty-
five fish were randomly caught, euthanized in excess tricaine-S
solution (MS222; Pharmagq), individually weighed and measured to
calculate Fulton's condition index (K), then stored whole at -20°C
for proximate analysis. Thirteen fish were stocked in each tank of
an indoor RAS comprised of 52-L identical glass aquaria connected
to a physical and biological filter. Every diet was randomly assigned
to three replicate tanks. Fish were monitored for mortalities for
48 hours, and any dead fish was immediately removed, weighed and
replaced with another fish of similar weight. Weekly group weigh-
ing was performed after 12 hours of fasting, and feed ration was
adjusted accordingly. Fish were offered feed manually three times
per day (at 7:00, 13:00 and 18:00 hours) at 4% of the biomass of the
heaviest replicate. The experiment was terminated after 42 days.

Temperature, salinity and dissolved oxygen were measured
daily using a YSI Pro2030 dissolved oxygen metre (YSI Inc.) to en-
sure optimal growth for Nile tilapia. Temperature was maintained
between 22 and 25°C, salinity at 1.2 mg/L and dissolved oxygen
above 5 ppm. Ten per cent of the water in the system was changed
weekly with concurrent measurement of total ammonia nitrogen
and nitrite nitrogen using a Freshwater Aquaculture Test Kit, Model
FF3 (HACH Company). Total ammonia nitrogen ranged between 0.2
and 0.6 ppm, whilst nitrite remained less than 0.1 ppm. pH was mea-
sured using a hand-held waterproof pH-metre (Oakton pH Tester
10 Waterproof Pocket Tester, Oakton® Instruments) and maintained
circa 8.1 using periodic additions of Na,CO,. Photoperiod was set to
14:10 hours (light: dark).
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TABLE 3 Proportions of feed mix and FWY (yeast-fermented food waste) in diets offered to juvenile O. niloticus for 6 weeks

Diet 1 Diet 2 Diet 3

0% FWY 15% FWY 20% FWY
Feed mix (g Kg™) 1000 850 800
FWY (g Kg™' diet) 0O 150 200
Crude protein (%)* 35.56 +0.20 34.51 +0.20 34.85 + 0.50
Crude lipid (%)* 12.53 +0.27 12.80 +0.01 11.67 + 0.03
Gross energyb (kJ 21,209.4 20,883.1 20,564.3

Kg™ diet)

@Based on proximate analysis (on dry matter basis; mean + SE).

Diet 4 Diet 5 Diet 6 Diet 7

25% FWY 30% FWY 35% FWY 40% FWY
750 700 650 600

250 300 350 400

34.50 +£0.13 34.32+0.13 33.44 +0.09 32.86 +0.04
11.51 + 0.08 11.31 £ 0.32 12.31 £ 0.07 12.45 £ 0.06
20,333.6 20,289.8 20,436.2 20,275.2

PCalculated as 23.6, 17.6 and 39.5 kJ/g of protein, carbohydrate and lipid respectively.

2.5 | Sampling and chemical analysis

At termination, experimental fish were fasted for 12 hours prior to
harvest and data collection. Fish were group-weighed, and then,
individual weight and length were measured. Group weights were
used to calculate feed conversion ratio (FCR) whilst weight and
length measurements were used to calculate K. Afterwards, four fish
were picked at random from each tank, euthanized in a solution of
tricaine-S, and liver and viscera extracted and weighed to calculate
hepatosomatic (HSI) and viscerosomatic indices (VSI).

Sacrificed fish from every tank were pooled and macerated
(along with dissected organs) using a food processor. Samples were
oven-dried at 95°C until constant weight to determine moisture
content. Protein, lipid and ash content of the fish were determined
on dry matter basis. Protein content was determined using Kjeldahl
method, and per cent (%) protein was calculated using Equation 1:

(S—B)xNx14x6.25 <

W 100 1)

% Protein =

where S = volume of 0.1N H,SO, used to titrate the sample (mL),
B =volume of 0.1IN H,SO,, used to titrate the blank (mL), N = normality
of H,SO, and W = weight of the sample (mg).

Lipid content was determined using Soxhlet method. One gram
of sample was weighed in filter bags (XT4 Filter Bags, ANKOM

Technology). Groups of five filter bags were soaked with 350 mL of
petroleum ether: diethyl ether (1:9 v/v) in the thimble of Soxhlet ap-
paratus, allowed to reflux for 3 hours, then oven-dried at 100°C until
constant weight. Per cent (%) lipid was calculated as the difference
in sample weight before and after lipid extraction. Ash content was
determined by combusting the samples in a muffle furnace at 520°C

for 7 hours.

2.6 | Data analysis and statistics
Survival (in %), feed conversion ratio (FCR), specific growth rate
(SGR; in % day™) and Fulton's condition index (K) were calculated

using Equations 2, 3, 4 and 5 respectively:

Number of fish at the end of experiment

= 2
Number of fish at the beginning of experiment x 100 ()

R Total mass of feed provided (g) 3)
(Final biomass (g) — Initial biomass (g))

K = [%] % 10° @)
L

where M = fish weight (g) and TL = fish length (mm)

TABLE 4 Survival (S; %), final body weight (FBW; g), total length at harvest (TL; cm), feed conversion ratio (FCR), specific growth rate
(SGR; % day'l), slopes of the best fit lines of the growth curves (a) and Fulton's condition index (K), values of juvenile O. niloticus offered

diets with increasing proportions of FWY

Diet Treatment S FBW TL

D1 0% FWY 100 43.1+1.32 129 +0.12
D2 15% FWY 100 431+1.31 13.0 +0.13
D3 20% FWY 100 43.7 +1.39 13.2+0.12
D4 25% FWY 100 427 +1.31 13.0+0.14
D5 30% FWY 100 42.7 +1.15 13.1+0.11
D6 35% FWY 100 40.7 + 1.13 12.8 +0.12
D7 40% FWY 100 40.0 +1.47 12.8 +0.15

FCR SGR a K

0.97 +0.03 3.20 +0.06 68.70 + 2.25° 2.0 +0.02°
1.00 + 0.00 3.20 + 0.00 69.93 + 1.34° 2.0 +0.02*°
1.00 + 0.00 3.23+0.03 69.60 +0.21° 1.9 +0.02*°
1.00 + 0.00 3.17 +0.03 6717 + 1.42%° 1.9 + 0.02*°
1.00 + 0.00 3.17 +0.03 67.63 +0.75*° 1.9 +£0.01*°
1.03 +0.03 3.10 + 0.00 64.23 + 0.37° 1.9 + 0.02*°
1.07 +0.03 3.10 +£0.06 63.87 +1.64° 1.9 +0.02°

Note: All values are represented as (mean + SE). Values in the same column with different superscripts are significantly different from each other

(p < 0.05).
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Hepatosomatic (HSI) and viscerosomatic (VSI) indices were cal-

culated using Equations 5 and 6 respectively:

_ | Liver weight (g)
HSI (%) = [—Fish weight (@) ] x 100 (5)
_ [ Viscera weight (g)
VSH%) = [ Fish weight (g) ] * 100 (©)

All data were reported as mean values of the replicates + stan-
dard error of the means (SE) and compared using one-way ANOVA.
Comparisons of whole-body proximate composition of initial fish samples
and fish offered the various diets were performed using Dunnett's test for
multiple comparisons. Significant differences among the means of all other
studied parameters were analysed using Student-Newman-Keuls (SNK)
means separation test. Differences were considered significant at p < 0.05.
Statistical analysis was performed using sas (V.9.2, SAS Institute Inc.).

3 | RESULTS

Ten days after inoculating FW with S. cerevisiae, protein content on a
per-weight basis increased by 12.3% in the food waste and by 15.3%
in oil-extracted food waste (from 24.45 + 0.18 to 27.45 + 0.12% in
FW and from 30.42 + 0.14 to 35.08 + 0.18% in oil-extracted FW).

TABLE 5 Hepatosomatic (HSI; %) and viscerosomatic indices
(VSI; %) of juvenile O. niloticus offered diets with increasing
proportions of FWY

Diet Treatment HSI VSl

D1 0% FWY 1.79 +0.08 8.03 +0.32
D2 15% FWY 1.55 +0.06 7.50 +0.33
D3 20% FWY 1.54+0.16 8.00 +0.24
D4 25% FWY 1.76 + 0.11 8.05+0.36
D5 30% FWY 1.43 +0.08 794 +£041
D6 35% FWY 1.67 +0.08 8.38 +0.29
D7 40% FWY 1.67 +0.12 8.30 +£0.20

Note: All values are represented as (mean + SE).

TABLE 6 Proximate composition of

juvenile O. niloticus offered diets with Diet  Treatment

increasing proportions of FWY D1 0% FWY
D2 15% FWY
D3 20% FWY
D4 25% FWY
D5 30% FWY
Dé 35% FWY
D7 40% FWY

However, fatty acid analysis of non-oil-extracted FW inoculated
with T. virens and/or A. niger or S. cerevisiae and incubated for the
same period of time showed a pronounced decrease in EPA and DHA
levels. Accordingly, the diets used in the main experiment were for-
mulated using FWY.

At the end of the 6 weeks feeding trial, survival and growth
were not significantly different among fish offered the various
diets. Average final body weight of fish offered the control diet was
43.1 + 1.32 g (mean + SE), whereas fish offered D7 containing 40%
FWY had an average final body weight of 40.0 + 1.47 g. Similarly, the
increase in FWY in the diet did not affect fish length.

Feed conversion ratio and SGR did not vary significantly among
fish offered control diet and those offered experimental diets
(p > 0.05). However, a difference in the growth rate of fish offered
the various diets was observed 4 weeks following the start of the ex-
periment, as reflected in the slopes of the best fit lines of the growth
curves. The growth curve of fish offered the control diet had a sig-
nificantly greater slope (68.70 + 2.250), compared with the growth
curves of fish offered D6 and D7 (64.23 + 0.37 and 63.87 + 1.64,
respectively) (Table 4).

The condition index of fish offered D7 was significantly smaller
than that of fish offered D1 (p < 0.05). However, HSI and VSI of fish
offered the various diets did not vary significantly (Table 5). Fish of-
fered D1 had an HSI and a VSI of 1.79 + 0.076% and 8.03 + 0.319%,
respectively, whereas the HSI and VSI of fish offered D7 were
1.67 + 0.119% and 8.30 + 0.204% respectively.

Variation in FWY levels in tilapia diets did not significantly af-
fect moisture, protein or lipid content of experimental fish (Table 6).
However, a significant difference in body ash content was observed.
Fish offered D1 had 12.27 + 0.23% body ash, whereas fish offered
D5, D6 and D7 had significantly greater body ash (15.30 + 0.87,
14.80 + 0.53 and 15.10 + 0.38%, respectively). The moisture con-
tent of experimental fish was significantly less than the moisture
content of the initial fish samples (p < 0.05). Moreover, the lipid con-
tents of the experimental fish (between 26% and 30%) were signifi-
cantly greater than that of the initial fish samples (21.40 + 0.46%),
and a significant difference in body ash content was observed be-
tween fish offered D1 and the initial fish samples (12.27 + 0.23 and
15.07 + 0.66%, respectively). Nevertheless, the protein content of

Moisture Protein Lipid Ash

71.93 +0.66 59.23+3.03  28.50+149 1227 +0.23°
72.33+0.07  59.73 +3.05 26.40+0.70  14.07 + 0.38%°
7213 +0.33 57.27 +2.55 27.40 + 1.27 13.90 +0.127°
71.93 +0.48 59.37 +1.94 27.17 +0.84 14.27 + 0.35*°
73.00 +0.53 5677 £2.46  26.33+1.10 15.30 + 0.87°
72.13 +0.58 56.07 +172  2973+0.76 14.80 + 0.53"
72.40 +0.21 58.00+291  27.80+0.74 15.10 + 0.38°

Note: All values are represented as (mean + SE). Protein, lipid and ash are reported on a dry weight
basis. Values in the same column with different superscripts are significantly different from each

other (p < 0.05).
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the initial fish (62.23 + 0.91%) did not significantly differ from the

protein content of experimental fish.

4 | DISCUSSION

Results of the preliminary study indicate that Trichoderma virens
(ATCC® 9645™) and Aspergillus niger (ATCC® 6275™) failed to bio-
convert FW into HUFAs such as EPA and DHA. However, baker's
yeast Saccharomyces cerevisiae increased the protein content of oil-
extracted FW by 15.3% on a per-weight basis.

Bioprocessing FW using T. virens and/or A. niger did not in-
crease EPA and DHA content of the waste. In the study performed
by Gayathri et al. (2010), fatty acid analysis of Trichoderma spp. and
Aspergillus niger mycelia grown on a medium containing OA resulted
inanincrease in levels of EPA and DHA. Unfortunately, results of the
present experiment indicated a decrease in the amounts of EPA and
DHA as a proportion of total FW lipids after inoculation with T. virens
and A. niger. The discrepancy between the results of the present ex-
periment and those of Gayathri et al. (2010) may be attributed to
the absence of OA from the FW used in the present study. Another
possible reason for the lack of conversion of OA into EPA and DHA
might be that we used a different strain of Trichoderma virens or
Aspergillus niger. Gayathri et al. (2010) did not identify the species
of Trichoderma or the strain of Aspergillus niger used to increase EPA
and DHA in their experiment. Enzyme production and enzymatic ac-
tivity differ greatly among fungi at the species and even at the strain
level (Mikiashvili et al., 2004; Shafique et al., 2009), and thus, it is
possible that the strains we used, Trichoderma virens (ATCC® 9645™)
and Aspergillus niger (ATCC® 6275™), lack the enzymes necessary for
EPA and DHA synthesis.

Yeast growth on FW was better when the FW contained less lip-
ids. A prevalence of oil in S. cerevisiae growth media interferes with
yeast growth, especially if the oil is rich in long-chain polyunsatu-
rated fatty acids (LC-PUFA) (Couplan et al., 2009). Fatty acid analysis
of non-oil-extracted FW used in the present study revealed an abun-
dance of LC-PUFA, especially linoleic acid (LA; 18:2 »6). Linoleic acid
is known to impair S. cerevisiae growth by favouring the accumula-
tion of reactive oxygen species inside yeast cells, resulting in “fatty
acid-induced cell death” (Eisenberg & Bittner, 2013). Consequently,
extracting oil from FW then subjecting the waste to yeast fermenta-
tion is recommended (Hezarjaribi et al., 2016).

Results of the feeding trial indicated that up to 30% of Nile tilapia
feed ingredients can be replaced with FWY without adverse effects
on fish. Fish consumed the various feeds equally, suggesting that
FWY incorporation in the diets did not affect palatability. Previous
attempts to partially replace aquafeed with non-bioprocessed post-
consumer restaurant FW were only successful at 25% replacement
for tilapia (Nasser, Abiad, et al., 2018) and 25% for rainbow trout
(Onchorhynchus mykiss) (ZeinEddine et al., 2021). The 15.3% in-
crease in protein proportion of the FW after bioprocessing prob-
ably explains present results. Similar observations were reported
by Hassaan, Soltan and El-Ashry (2015) and Hassaan, Soltan and

Abdel-Moez (2015) using yeast-fermented sunflower meal and
yeast-fermented SBM in their fish diet formulations. Even yeast-
fermented poultry by-product meal improved meal use in fish diet
formulations for common carp (Cyprinus carpio) (Dawood, Magouz,
Essa, et al., 2020).

The average FCR of fish offered the various diets in the present
experiment was 1.01 + 0.01. Our fish exhibited significant growth in
weight and length thus suggesting good digestion of the feed rather
than underfeeding (Kumar et al., 2010). We understand that FCR is
not a very accurate measure of feed efficiency, but our fish were
consuming all food offered and thus present FCR calculations are a
good comparative calculation of the efficiency of the diets used in
the present work. Accordingly, we can state that farmers using an
inexpensive ingredient such as FWY to replace 30% of the conven-
tional dietary ingredients in a fish feed would be saving a significant
amount over the course of a grow-out season without compromising
fish growth and health.

Fish growth in the present experiment was expressed in terms
of absolute growth (final weight) or derived from the slopes of the
best fit lines of the growth curves. Although there are not signifi-
cant differences among final weights of the fish, the slopes of the
growth curves suggested a decrease in the growth rate of fish of-
fered feed comprising more than 30% FWY. The decrease in growth
rate may be attributed to the usage of whole yeast cells to ferment
FW. Inclusion of FWY in big amounts in the diets signifies that big
quantities of intact yeast cells were present in the feed. Intracellular
nutrients are not as readily available from intact yeast cells as from
disrupted cells. Thus, not all yeast-derived nutrients were bioavail-
able to the fish and slower growth was observed (Oliva-Teles and
Goncgalves, 2001; Madibana & Mlambo, 2019). A similar decrease in
fish growth rate was also observed after substituting more than 40%
of FM with yeast-fermented poultry by-product in the diets of Nile
tilapia (Dawood, Magouz, Mansour, et al., 2020).

Although fish offered D1 had a significantly larger condition fac-
tor than fish offered D7, we believe that the difference is caused
by the peculiarity of the calculation rather than actual fish health
differences. Total lengths and final body weights of fish offered the
various diets were not significantly different from each other.

The hepatosomatic and viscerosomatic indices are measure-
ments of fish condition and often help determine the nutritional
value of offered feed (Ighwela et al., 2014). In the present experi-
ment, HSI and VSI of fish did not vary among treatments suggest-
ing no apparent negative effects of the yeast on energy storage
metabolism and general health of the fish. Similar results were
observed with juvenile red sea bream (Pagrus major) offered yeast-
fermented rapeseed meal as partial substitute to FM (Dossou et al.,
2018). Baker's yeast does not appear to have any anti-nutritional
effects on Nile tilapia.

Inclusion of FWY in tilapia diets did not influence the whole-
body composition of the fish except for ash. No significant differ-
ences in body moisture content, lipid or proteins were observed
among fish offered the various diets, suggesting that O. niloticus
metabolized yeast-fermented FW similarly to other traditional
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aquafeed ingredients. Similar results were obtained with Soltan
et al. (2015) and Hassaan et al. (2018) who offered juvenile Nile
tilapia diets containing yeast-fermented sunflower meal as re-
placement of FM. However, in the present experiment, a signifi-
cant increase in body ash proportions was observed among fish
offered diets 5, 6 and 7 (30, 35 and 40% FWY, respectively) as
compared to control fish. Yeast-fermented oil-extracted FW used
to formulate the various diets contained on average 15.1 + 0.31%
non-organic material, that is minerals that accumulate in fish
bones (Njinkoue et al., 2016). This would explain the significant
increase in ash content of fish that were offered diets containing
big proportions of FWY.

When comparing initial fish with experimental fish, a significant
increase in body lipids was observed in the experimental fish. Prior
to the experiment, fish were offered a 5% crude lipid commercial
feed, whereas experimental diets contained approximately 12%
crude lipid. Offering fish excess dietary lipids results in increased
lipid retention in the flesh (Ghanawi et al., 2011). Solvent extraction
of lipids from restaurant waste would allow for formulation of diets
with better lipid proportions and probably better yeast fermenta-
tion. Nevertheless, results of the present work are very encouraging
and with better FW processing, and we can supplement more than
30% of a fish diet.
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