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Abstract
Growth of fed aquaculture is dependent on finding sustainable and inexpensive ingredients that
would satisfy the nutritional requirements of fish. The present work assessed restaurant post-
consumer food waste as an ingredient in feeds for small (ca 6.5 g) rainbow trout, Oncorhyn-
chus mykiss. Food waste from Lebanese-food restaurants was used to prepare seven iso-
nitrogenous feeds (ca 42.5% protein, 18% lipid) by replacing soybean meal (SBM), soy oil,
and whole wheat in a control diet. Seven diets containing 0, 5, 10, 15, 20, 25, and 30% food
waste were made. Fish were stocked in triplicate 52-L tanks (15 fish per tank) and offered the
feeds at 4% body weight daily for 8 weeks. Growth, hematology, and proximate chemical
composition of the fish were assessed. Results show that food waste can be incorporated as
25% of the diet without affecting growth ofO. mykiss. The best growth (ca 317% from initial
stocking weight) was observed in fish offered feed with 20% food waste. Feed treatment did
not significantly affect hematology, but significantly affected body composition. Total fish
body protein proportion was greater in the treatment offered 30% food waste feed than in the
control. There seems to be a potential for using food waste as an ingredient in trout feed, and
this could mitigate the environmental consequences of disposal of food waste.
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Introduction

Soybean meal (SBM) is the most prominent plant-based protein source used in aquaculture,
livestock, and poultry production. In aquaculture, SBM is often used to partially replace
fishmeal (Refstie et al. 1997; Choi et al. 2004; Voorhees et al. 2019) because soybeans are
rich in proteins and have a sufficiently balanced amino acid profile (Dozier and Hess 2011)
although deficient in methionine. However, because of the competitive and increasing demand
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on SBM, prices have been increasing. In fact, in the past 20 years, prices of SBMhave increased
by 90.49% (Indexmundi 2020), rendering it less attractive for fish farmers, especially in
developing countries. Therefore, it is important to find sustainable and cost-effective protein
sources that could supplement SBM in aquafeed. Researchers have investigated replacing SBM
by other plant-based products such as cottonseed meal (Robinson and Li 1994; El-Saidy and
Saad 2011), peanut meal (da Silva et al. 2017), and canola meal (Lim et al. 1998; Zhou and Yue
2010). However, oilseeds often contain antinutritional factors and lack some essential amino
acids (Li and Robinson 2015). Moreover, oilseeds are not necessarily produced in countries
with aquaculture and thus need to be imported. A dietary ingredient that could be used in fish
feed without many of the drawbacks associated with oil seeds is restaurant plate food waste.

Food waste (FW) is human food that is lost or discarded at the retailers’ or consumers’ levels
(FAO 2011). In 2011, FAO estimated that one-third of the food destined for human consumption is
lost or wasted every year. Wasted food accounts for 6% of the global greenhouse gas (GHGs)
emissions (Ritchie 2020). Therefore, FAO (2014 a) suggested several strategies to mitigate the
environmental effects of FW. One of the most environmentally friendly strategies is to reuse FW
either in food banks or in animal feed (FAO 2014 a). Several studies investigated the use of FW in
poultry (Chen et al. 2007), swine (Westendorf et al. 1998), or cattle feed (Angulo et al. 2012), but
little attention was given to aquafeed. The use of food waste in aquafeed was previously tested on
herbivorous fish (Nasser et al. 2019) and omnivorous fish (Nasser et al. 2018). However, Lebanese
restaurant food waste is rich in fats and oils and therefore more amenable to inclusion in trout feed
than in Nile tilapia (Oreochromis niloticus) feed.

Rainbow trout, Oncorhynchus mykiss, is a carnivorous fish native to the Pacific coast of
North America (Cowx 2005). Rainbow trout has been introduced to many countries either for
farming or as a sports fish. In 2016, rainbow trout accounted for 2% of the total finfish species
produced by aquaculture worldwide and is an important species in European aquaculture
(FAO 2018). Rainbow trout is a hardy fish, considered to be a healthy source of protein and
essential fatty acids. In the wild, rainbow trout feeds on fresh water shrimp, mollusks, insects,
small fish, etc. (Cowx 2005). In aquaculture rainbow trout is offered high-energy
manufactured feeds, rich in protein (35–45%) and lipids (16–22%) (Cowx 2005). Between
1995 and 2015, trout consumed 2% of aquafeed produced (FAO 2018). It would be interesting
to find alternatives to traditional aquafeed ingredients in order to decrease trout production
costs without compromising fish health or nutritional benefits. Several studies have investi-
gated the use of alternate protein sources to SBM in rainbow trout aquaculture (Bılgın et al.
2007; Dernekbaşi and Karayücel 2017; Hardy et al. 2018; Pach and Nagel 2018; Yadollahi
et al. 2018) but all these use ingredients which can be used as feed for alternate animal
production and are not destined for landfills or compost production. In the present study, we
assessed the feasibility of incorporating post-consumer restaurant FW as a partial replacement
of SBM in the diets of Oncorhynchus mykiss. The effects of the food waste on survival,
growth, proximate composition, and hematology of rainbow trout were assessed.

Materials and methods

Fish acquisition and maintenance

Rainbow troutO. mykiss juveniles used in the present work were obtained from an aquaculture
farm on the Assi River, Hermel, Lebanon. Fish were offered a 40% crude protein and 14%
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lipid commercial feed (EXTR 400, Rangen Inc., Buhl, ID) daily to apparent satiation. Water
temperature was 15 °C and pH at time of collection was 7.8. Trout juveniles were randomly
caught in flow-through raceways and transported live in an insulated transport container with
mechanical aeration and ice packs to the aquaculture research laboratory at the American
University of Beirut (AUB).

At AUB, the fish were maintained in 52-L glass tanks connected to a biological filter and a
chiller in a recirculation system. Fish were offered the commercial diet and allowed to
acclimate to their new environment for 7 days.

Treatment/feed preparation

Post-consumer food waste was collected from Lebanese restaurants, sorted to remove plastic, paper,
metal, and glass material then dried at 60 °C in a forced-air oven. The food waste was composed
mainly of plant origin material such as bread, rice, pasta, and vegetables, but contained shrimp and
fish heads and body remains, chickenmeat and bones, and somemeat. All the dried foodwaste was
then ground into fine powder and stored in a freezer until used in the present experiment. Five
samples of FW were randomly collected and proximate composition determined (Table 1). To
determine protein content, 1 g of each sample was weighed and analyzed using the Kjeltec™ 8400
FOSS analyzer (FOSS A/S, Hillerød, Denmark). Aspartic acid and glycine were used as standards.
To determine lipid content, 1 g of each sample was weighed and analyzed using the reflux extractor
ANKOM XT15 Fat Analyzer (ANKOM Technology Corporation, Macedon, NY, USA). The
solvent used consisted of a 9:1 mixture of petroleum ether:diethyl ether. Ash content was quantified
by placing the samples in a muffle furnace at 520 °C for 8 h. To determine fiber content, fat-
extracted samples were analyzed using the ANKOM200 fiber analyzer (ANKOM Technology
Corporation). Nitrogen-free extract (NFE) was calculated as:

NFE ¼ 100– %lipidsþ%proteinþ%ashþ%fiberð Þ:
Seven iso-nitrogenous and iso-caloric diets (Table 2) were prepared such that diet 1

contained 0% FW; diet 2: 5% FW; diet 3: 10% FW; diet 4: 15% FW; diet 5: 20% FW; diet
6: 25% FW; and diet 7: 30% FW. Soybean meal, soy oil, and whole-wheat quantities were
reduced as FWwas increased in order to maintain similar amounts of crude protein and lipid in
the diets. Gross energy content was calculated by using factors of 23.6, 17.6, and 39.5 kJ/g of
protein, carbohydrate, and lipid, respectively (NRC 2011). Every feed was randomly assigned
to three replicate tanks. Proximate analysis of the diets (protein and lipid contents) was
performed as described for FW.

Fish growth

The experiment was performed in 21 glass tanks (52 L) connected to a biological filter, a sand
filter, and a chiller. Water in the tanks was aerated using a regenerative blower and submerged

Table 1 Protein (%), lipids (%), ash (%), fiber (%), and NFE (nitrogen-free extract; %) composition of food
waste incorporated in rainbow trout diets. Protein, lipid, ash, fiber, and NFE are reported (mean ± SD) as percent
of the dry weight of food waste

Protein Lipids Ash Fiber NFE

Food waste 23.9 ± 0.27 31.0 ± 0.38 6.2 ± 0.33 2.0 ± 0.07 36.6 ± 0.96
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air diffusers. Oncorhynchus mykiss juveniles (ca 6.5 g) were size-sorted by hand, and 15 fish
were group-weighed (94.6 ± 1.5 g; mean ± SD) and stocked in each tank to give an initial tank
biomass of 94.6 g. Initially, fish were offered diets at 4% body mass. The daily feed allowance
was divided into four equal portions (at 7:00, 11:00, 15:00, and 19:00 h), 6 days a week for
8 weeks. If fish in any tank finished all the feed on any given day, feed quantity was increased
by 5% for all tanks the next day.

Water quality parameters were maintained at conditions conducive to optimal trout growth.
Temperature was set at 14.7–15.7 °C. Salinity and dissolved oxygen were measured daily

Table 2 Ingredients and chemical composition of the seven diets offered to Oncorhynchus mykiss juveniles for
8 weeks

Diet 1
0% FW

Diet 2
5% FW

Diet 3
10% FW

Diet 4
15% FW

Diet 5
20% FW

Diet 6
25% FW

Diet 7
30% FW

Fishmeala (g/100 g diet) 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Soybean meal solvent

extractedb (g/100 g diet)
63.80 61.80 59.80 57.80 55.90 54.00 51.90

Soy oil (g/100 g diet) 13.25 11.73 10.22 8.71 7.19 5.68 4.16
Whole wheat (g/100 g diet) 8.65 7.37 5.88 4.40 2.81 1.12 0.00
Vitamin and mineral

premixc

(g/100 g diet)

2.00 2.00 2.00 2.00 2.00 2.00 2.00

Restaurant waste
(g/100 g diet)

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Choline chloride
(g/100 g diet)

0.50 0.50 0.50 0.50 0.50 0.50 0.50

Stay C 250d (g/100 g diet) 0.10 0.10 0.10 0.10 0.10 0.10 0.10
CaP-dibasic (g/100 g diet) 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Cellufille (g/100 g diet) 0.90 0.70 0.70 0.69 0.70 0.80 0.54
DL-Methionine

(g/100 g diet)
0.10 0.10 0.10 0.10 0.10 0.10 0.10

Gelatinf (g/100 g diet) 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Chemical compositiong

Crude protein 43.2±0.4 42.05±0.5 41.15±0.2 42.65±0.1 42.45±0.2 42.5±0.3 42.9±0.8
Crude lipid 17.7±0.5 18.8±0.2 19.3±0.1 18.2±0.1 17.9±0.0 17.3±0.1 17.4±1.5
Gross energy (GE)h

(kJ/100 g diet)
187 187.1 186.8 186.6 186.3 185.8 186

a FF Skagen Denmark. Havnevagtvej 12.9990 Skagen
b De-hulled solvent extracted soybean meal, Southern Sates Cooperative Inc., Richmond, VA, USA
c 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 IU, vitamin E alpha-tocoph acet 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 HCl) 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 sulfate monohydrate) 2 g, zinc
(as oxide) 5 g, copper (as sulfate pentahydrate) 0.25 g, manganese (as sulfate monohydrate) 3.5 g, chlorine
chloride 75, phosphorus (as monodicalcium phosphate) 2.5, sodium chloride (salt) 225 g, and cellulose 75 g.
Calcium carbonate carrier to balance
d 250 mg kg−1 active vit C supplied by Stay C®, (L-ascorbyl-2-polyphosphate 25% Active C), Roche Vitamins
Inc., Parsippany, NJ, USA
eAlpha-cellulose, Unites States Biochemical Corporation, Cleveland, OH, USA
f HiMedia Laboratories Pvt., Ltd., 23, Vadhani Ind. Est., LBS Marg, Mumbai, India
g Based on proximate analysis (g/100 g in dry matter; mean ± SD)
h Calculated as 23.6, 17.6, and 39.5 kJ/g of protein, carbohydrate, and lipid, respectively
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using a YSI Pro 2030 (Yellow Springs Inc., OH, USA) and were maintained at 0.8–1.5 ppt and
7 mg/L and greater, respectively. pH was measured daily using a commercial hand-held pH
meter and ranged between 7.5 and 8.5. Total ammonia nitrogen and nitrite nitrogen were
assessed weekly using a HACH Aquaculture Test Kit Model FF-3 and remained less than
2 ppm and 0.1 ppm, respectively. Photoperiod was set at 14:10 (light:dark). Tanks were
siphoned daily to remove uneaten feed and fish feces that settled at the bottom of the tanks.

Harvest

Fish were starved for 24 h before harvest. At harvest, fish in every tank were group-weighed;
then weight (g) and total length (cm) of every fish were measured. Weight and length data
were used to calculate Fulton’s condition index (K) as:

K ¼ W
TL3 � 105 ; whereW is weight gð Þ and TL is total length mmð Þ;

Specific growth rate (SGR; % per day) was calculated as:

SGR ¼ lnfinal weight g½ �−lninitial weight g½ �ð Þ
feeding period days½ � � 100:

Hematological parameters

Four fish were randomly removed from each tank, anesthetized, and used to determine
hematological parameters: (hemoglobin (Hb), hematocrit (Hct), and total plasma pro-
tein (TPP). Blood was collected from the caudal arch of the fish using heparinized
1-mL syringe and a 25-gauge needle. Hemoglobin (g/dL) was determined using
Cyanmethemoglobin procedure (Larsen and Snieszko 1961). Hematocrit (%) was
determined using the indirect method for hematocrit measurement (Klontz 1994).
Total plasma protein (g/dL) was determined by using a veterinary refractometer
(Alexander and Ingram 1980).

Following blood withdrawal, the fish were euthanized using an overdose of tricaine
methane sulfonate (MS222; Pharmaq, Fordingbridge, UK) followed by destruction of the
brain. Their liver and viscera were then extracted and weighed. Data were used to calculate
hepatosomatic (HSI) and viscerosomatic (VSI) indices:

HSI %ð Þ ¼ 100� liver weight g½ �=whole fish weight g½ �ð Þ;

VSI %ð Þ ¼ 100� viscera weight g½ �=whole fish weight g½ �ð Þ:

Proximate analysis

Four fish were randomly collected from each tank to determine proximate composition. The
fish were pooled, and macerated using a food processor; then each sample was spread onto
three aluminum plates. Samples were dried in the oven at 105 °C, and moisture content of the
samples was determined as the difference in weight before and after drying. Dried samples
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were then ground into fine powder and used to determine protein, lipid, and ash content as
described for the food waste samples.

Statistical analysis

Statistical analysis was performed using SAS (V.9.2, SAS Institute Inc., Cary, NC, USA). All
data were reported as mean values ± standard error of the mean and compared using one-way
ANOVA. Significant differences among means were analyzed using the Student-Newman-
Keuls (SNK) mean separation test. Differences among treatment means were considered
significant at p < 0.05.

Results

There were no significant differences in survival of rainbow trout offered diets with various
proportions of food waste (Table 3). Final body weight (FBW) did not vary among fish offered
control diet (21.42 ± 1.15 g; mean ± SE), 5% FW 24.04 ± 1.14 g) or 30% FW (23.97 ± 1.22 g).
However, the FBW of fish offered 10, 15, 20, and 25% FW was significantly greater than the
FBW of control fish (p value < 0.05). Final total length (TL) was not significantly different
among fish offered control diet, 5, 10, and 30% FW (p > 0.05), but the length of fish offered
15, 20, and 25% FW was significantly greater than length of control fish. Fish offered 20%
FW in their diets had the greatest FBW (26.25 ± 1.34 g; 317% growth), while fish offered 25%
FW had the greatest length (15.11 ± 0.16 cm). Fulton’s condition index (K) was significantly
different among treatments, and fish offered 10% FW had the greatest condition index (0.76 ±
0.01).

Specific growth rate did not vary significantly among fish offered 5% and 30% FW and
control fish but was significantly greater in fish offered 10, 15, 20, and 25% FW than that in
the control fish. Fish offered 15% FW had the greatest SGR (2.50 ± 0.06% per day).

Hemoglobin was significantly greater in fish offered 30% FW (5.41 ± 0.49 g/dL) than in
fish offered 10% FW (3.70 ± 0.33 g/dL). Otherwise, hematocrit and total plasma protein did
not vary significantly among treatments. Hematocrit ranged from 18.91 ± 0.73% (10% FW) to

Table 3 Survival (S; %), final body weight (FBW; g), final total length (TL; cm), Fulton’s condition index at
harvest (K), and specific growth rate (SGR; % per day) of rainbow trout, Oncorhynchus mykiss, offered various
percentages of food waste in their diets for 8 weeks

Treatment Survival FBW TL K SGR

Control (0% FW) 100a 21.42b 14.22b 0.71c 2.20b

5% FW 97.77a 24.04a,b 14.75a,b 0.73a,b,c 2.37a,b

10% FW 100a 25.33a 14.82a,b 0.76a 2.43a

15% FW 97.77a 25.82a 14.96a 0.75a,b 2.50a

20% FW 95.55a 26.25a 14.96a 0.75a,b 2.47a

25% FW 97.77a 26.19a 15.11a 0.75a,b 2.47a

30% FW 97.77a 23.97a,b 14.66a,b 0.73b,c 2.37a,b

PSE* NA 1.15 0.20 0.01 0.06

Values in the same column with different superscripts (a, b, c) are significantly different from each other
(p < 0.05)

*PSE pooled standard error
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21.50 ± 0.61% (5% FW), while TPP ranged between 3.68 ± 0.09 g/dL (25% FW) and 4.03 ±
0.13 g/dL (15% FW). Moreover, there were no significant differences in the hepatosomatic
and viscerosomatic indices of fish among treatments. HSI ranged between 1.29 ± 0.07% (20%
FW) and 1.42 ± 0.04% (15% FW), while VSI ranged from 12.21 ± 0.30% (30% FW) to 13.31
± 0.45% (5% FW) (Table 4).

Proximate composition of fish offered various percentages of FW is summarized in Table 5.
Moisture content of the fish offered 10% FW (71.89 ± 0.35%) was significantly less than
moisture content of fish offered all the other treatments. Protein, lipid, and ash content were
significantly different among treatments. Fish offered 30% FW had the greatest protein and ash
content (15.68 ± 0.60% and 2.34 ± 0.13% respectively), while fish offered 10% FW had the
greatest lipid content (10.49 ± 1.00%).

Discussion

Results of the present experiment suggest that food waste can be incorporated into trout diets at
up to 25% by weight without having a negative effect on growth of the fish. Similar results
were observed by Nasser et al. (2018, 2019) working with Nile tilapia and with marbled
rabbitfish (Siganus rivulatus). At 30% FW, the rate of growth of the fish declined, suggesting
that the nutritional value of the diet decreased. Interestingly, the protein content of the fish
increased as the percentage of food waste in the diets increased. Rainbow trout seem to process
and assimilate food waste better than soybean meal. Inclusion levels of SBM in the diets of
carnivorous fish, such as O. mykiss, are usually limited because of the inability of these fish to
process plant-based products. In fact, 30% of the carbohydrates in SBM are indigestible by fish
(Storebakken et al. 2000) and could be deleterious for carnivorous fish growth (NRC 2011).
Additionally, SBM is known to induce injurious changes in the distal intestines of Salmonids
as well as modify their intestinal microbiota (Refstie et al. 2000; Merrifield et al. 2009; Bruce
et al. 2018) which increases fish susceptibility to diseases (Krogdahl et al. 2000). Present
results suggest that uneaten cooked human food such as restaurant food waste is more
digestible by trout than is SBM.

Another result of using FW as partial replacement of SBM and whole wheat was a
significant improvement in growth rate. This suggests that FW-based diets are more efficient

Table 4 Hemoglobin (Hb; g/dL), hematocrit (Hct; %), total plasma protein (TPP; g/dL), hepatosomatic index
(HSI; %), and viscerosomatic index (VSI; %) of rainbow trout, Oncorhynchus mykiss, offered various percent-
ages of food waste in their diets for 8 weeks

Treatment Hb Hct TPP HSI VSI

Control (0% FW) 4.28a,b 21.39a 3.98a 1.42a 13.03a

5% FW 4.69a,b 21.50a 3.92a 1.38a 13.31a

10% FW 3.70b 18.91a 3.81a 1.33a 12.59a

15% FW 4.73a,b 20.25a 4.03a 1.42a 12.81a

20% FW 4.22a,b 20.65a 3.95a 1.29a 12.64a

25% FW 4.56a,b 20.96a 3.68a 1.40a 12.35a

30% FW 5.41a 20.38a 3.89a 1.34a 12.21a

PSE* 0.49 0.85 0.13 0.05 0.35

Values in the same column with different superscripts (a, b) are significantly different from each other (p < 0.05)

*PSE pooled standard error
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than SBM-based diets. Additionally, using FW in rainbow trout diets decreases the cost of
feed. Accordingly, we strongly encourage replacing part of the dietary SBM with restaurant
plate waste in trout feed.

Soybean meal contains several antinutritional factors (ANFs) such as lectins, saponins, soy
antigens, proteinase inhibitors, and sterols (Van Eys et al. 2004; Yasothai 2016) that could be
mitigated by processing. However, processing would increase the price of the SBM. Restau-
rant food waste appears to be an inexpensive yet nutritive substitute for SBM in carnivorous
fish diets.

Replacing soybean meal by food waste did not affect total plasma protein or hematocrit of
the fish (Table 4). However, hemoglobin levels varied significantly among treatments, but
because there was no trend in hemoglobin correlated to food waste in diet, we refrain from
discussing hemoglobin variation among treatments.

Lipid content in fish is usually inversely related to moisture content. Fish offered 10% FW
had the highest body lipid content. However, this diet (10% FW) had a slightly greater lipid
content (19.34 ± 0.08%; mean ± SD) and a lower protein content (41.15 ± 0.21%) than the other
experimental diets. The difference in proximate content of the diets seems to be reflected in the
proximate composition of the fish. Moreover, the relatively low protein content in diet 3 seems
to be reflected in hemoglobin levels of fish offered this diet (3.7 ± 1.05 g/dL; mean ± SD).
Nevertheless, despite the significant differences in fish body lipid content among treatments,
there were no differences in HSI and VSI among treatments, probably because rainbow trout
tend to store lipids in the muscles rather than the viscera and the liver (Weil et al. 2013).

Results of the present work strongly suggest that food waste is an acceptable feed ingredient
in rainbow trout diets, and its incorporation would be positive financially, environmentally,
and ethically. The value of discarded food exceeds 936 billion dollars yearly (FAO 2014 b),
and reusing it would greatly reduce water usage and carbon footprint. Additionally, food waste
can be sourced locally near feed production plants, thus reducing shipping and storage costs
and associated feed production expenses. From an environmental perspective, food waste is
considered a major environmental problem. Wasted food ends up in landfills, where it
decomposes releasing several toxic gases including methane (Crowley et al. 2003), a green-
house gas 25 times more potent than CO2. Food waste can also result in heavily polluted

Table 5 Moisture (%), protein (%), lipid (%), and ash (%) content of rainbow trout, Oncorhynchus mykiss, at the
beginning of the experiment (Initial fish) and Oncorhynchus mykiss offered various percentages of food waste in
their diets for 8 weeks. Protein, lipid, and ash are reported as percent of the wet weight of the fish

Treatment Moisture Protein Lipids Ash

Initial fish* 77.25 15.16 4.68 2.31
Control (0% FW) 72.62a 15.30b 8.92d 2.14b,c,d

5% FW 72.64a 15.32b 9.21b,c,d 2.07e,d

10% FW 71.89b 15.10c 10.49a 2.03e

15% FW 72.52a 15.51a,b 9.66b 2.12c,d

20% FW 72.74a 15.31a,b 9.46b,c 2.18b,c

25% FW 73.03a 15.51a,b 8.99b,c,d 2.21b

30% FW 73.04a 15.68a 8.83c,d 2.34a

PSE** 0.20 0.68 0.66 0.14

Values in the same column with different superscripts (a, b, c, d, e) are significantly different from each other
(p < 0.05)

*Initial fish: data from initial sample not included in statistical analysis

**PSE pooled standard error
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leachate that can contaminate underground aquifers (Crowley et al. 2003). Landfilling food
waste can attract insects and vermin, as well as generate wind-blown litter. Finally, using food
waste in fish feed could help increase food security especially in developing countries. In fact,
more than 820 million people in the world are undernourished (FAO, IFAD, UNICEF, WFP,
and WHO 2019), while industrialized countries waste almost 222 million tons of food every
year (FAO 2011). In conclusion, if we incorporate FW in fish feed, fish would act as bio-
processors (Dou et al. 2018), converting human food waste into affordable high-quality protein
easily accessible to people in developing countries.
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