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Abstract

More than 40% of human food produced is wasted and much of it in restaurants.

Two 8‐week feeding experiments were performed to evaluate the suitability of

using restaurant food waste to supplement commercial feed (CF) in the aquaculture

of Nile tilapia Oreochromis niloticus. In the first experiment, five feeding regimens in

which CF was substituted by waste‐based feed at 0, 25, 50, 75 and 100% of daily

offering were evaluated. Results show that 25% of the CF can be replaced with

waste‐based feed without any significant effect on survival, growth, feed conver-

sion, hepatosomatic, viscerosomatic (VSI) indices, haemoglobin, haematocrit and

total plasma protein (TPP). In the second experiment, seven feeding treatments

were evaluated in which daily offerings of CF were alternated with waste‐based
feed in 6‐day cycles. Results suggest that replacement between 25% and 33% is

feasible without significantly affecting survival or growth. Again, no significant dif-

ferences were observed in growth, feed conversion ratio, VSI, haemoglobin, haemat-

ocrit and TPP. Findings suggest that around 25% replacement of CF with Lebanese

restaurant waste‐based feed can be utilized in the culture of O. niloticus thus

improving financial returns of farmers while reducing the environmental impact of

food waste.
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1 | INTRODUCTION

Aquafeed, one of the major factors limiting the growth of aquacul-

ture production in many developing countries (FAO, 2016), often

amounts to more than 60 per cent of aquaculture production costs

(Chong, 1993). Although most aquaculture is of species that feed

low on the food chain where no pelleted feed is essentially needed

(De Silva, 2000; Tacon & De Silva, 1997), growth of the industry is

increasingly dependent on intensification and the use of manufac-

tured feed that often incorporates fishmeal in the formulation. Man-

ufactured commercial feed (CF) tends to be expensive, especially in

countries that have to import it or at least import the main ingredi-

ents to manufacture it. Therefore, sustainable expansion of the

aquaculture industry to produce affordable and healthy protein in

developing nations will depend in part on replacing or supplementing

expensive CFs with locally sourced and produced feeds. Preferably,

these feeds would be nutritious, digestible, less expensive than fish-

meal‐based CFs, more sustainable and have a smaller environmental

footprint.

Recent research about novel aquaculture feeds focused mainly

on replacing fishmeal with plant‐based by‐products, mainly soybean

meal because of its protein content, availability and affordability

(Fontainhas‐Fernandes, Gomes, Reis‐Henriques & Coimbra, 1999;

Robinson & Li, 1994). However, soybean meal supply faces a lot of

competitive demand for both human and livestock food, which may
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contribute to future increases in price and limit availability for fish

farmers and aquafeed producers (Fasakin, Balogun & Fasuru, 1999).

Furthermore, many plant–protein sources contain growth inhibitors

and antinutritional factors and lack some essential amino acids (El‐
Sayed, 2004; Hasan, 2000; Monzer, Nasser, Babikian & Saoud, 2017;

Wu, Tudor, Brown & Rosati, 1999). Other aquafeed research tended

to focus on using nontraditional protein sources such as plant seeds,

leaves and agro‐industrial by‐products in aquafeed production (Ali, Al

Asgah, Al Ogaily & Ali, 2003; Balogun & Fagbenro, 1995; El‐Sayed,
2004; Lima et al., 2012; Metwally & El‐Gellal, 2009; Nguyen, Davis

& Saoud, 2009; Richter, Siddhuraju & Becker, 2003). This often

decreases costs of aquafeed production, decreases the pressure on

unsustainable natural resources, and maintains stability of aquafeed

production. A neglected source of inexpensive and readily available

nutrients is recycled human food leftovers that could be used to par-

tially replace traditionally used raw materials in aquaculture diets (Al

Ruqaie, 2007; Bake, Endo, Akimoto & Takeuchi, 2009; Cheng, Mo,

Lam, Choi & Wong, 2015; Cheng et al., 2014; Choi, Lam, Mo &

Wong, 2016; Mo et al., 2015). Restaurant food wastes generally

consist of food ingredients suitable for human consumption and

should not be problematic for omnivorous fish species such as

tilapia.

Tilapia, Oreochromis niloticus, is one of the most intensively aqua-

cultured fresh water finfish (FAO, 2016). Their ability to tolerate

stressors in aquaculture systems such as high stocking density and

wide ranges of water quality parameters, breed easily, and grow fast,

made them excellent candidates for global aquaculture. Tilapia are

omnivorous, feeding on a range of foods varying from zooplankton

to commercial fish feeds (Gonzales et al., 2007; Olaosebikan & Raji,

1998; Sala & Ballesteros, 1997) and are thus excellent candidates to

be offered unconsumed human food. However, growth of tilapia

aquaculture is predicted to be in equatorial developing countries

where access to CFs is difficult and expensive. Local feed production

is rare and thus locally produced postconsumer food waste cannot

easily be incorporated into imported commercial fish feed in the

areas where it is most needed.

The present work evaluates the use of postconsumer food waste

(plate food waste) as a supplement or partial substitute for commer-

cial fish feed in tilapia aquaculture. Instead of incorporating the food

waste into the feed, we decided to investigate whether locally pro-

duced feed using postconsumer food waste could be substituted for

commercial fish meal‐based diets on a temporal regimen. Accord-

ingly, we performed two experiments to assess the effects of partial

replacement of commercial fish feed with locally produced waste‐
based feed on survival, growth, feed conversion, haematology and

proximate analysis of Nile tilapia, O. niloticus, fingerlings.

2 | MATERIALS AND METHODS

2.1 | Waste collection and processing

Plate food waste (postconsumer waste) was collected daily over a

period of 5 weeks between the months June and July 2016 from

two local Mediterranean/Lebanese food restaurants in Beirut, Leba-

non. Every day after collection, the food waste was manually

inspected to remove any nonorganics then ground and dried at 70°C

in a forced‐air oven until moisture content of 6 ± 1%. The dried

waste was milled to an average particle size of 50 μm and stored in

vacuum bags at room temperature. Before starting the fish feeding

experiments, an equal portion from each of the stored samples was

taken and all feeds mixed together. Samples from the blend were

test mixed with various quantities of gelatinizing and binding ingredi-

ents such as wheat flour and cellulose (Vitacel R 200® J. Rettenmaier

& Söhne GmbH & Co. KG, Rosenberg, Germany) to determine opti-

mal composition for water stability when used as fish feeds. The mix

with a 4:1 (dried food waste:cellulose) ratio had good water stability

for at least 10 min and was used in the present experiment. Dried‐
milled food waste, warm water and cellulose at the prescribed ratio

were mixed in a dough mixer and extruded in a fish feed extruder

(Model BD‐GP50; Henan Bedo Machinery Equipment Co., Ltd). Pel-

lets were then dried in a forced‐air oven at 40°C to a moisture con-

tent of 8% and stored at −20°C. The commercial diet used was a

36% protein, 6% lipid commercial tilapia diet (Rangen Inc., Buhl,

Idaho, USA). The CF and the waste‐based feed were ground to equal

sizes of approximately 3 mm crumbles.

2.2 | Proximate composition

Moisture, ash, total nitrogen, crude protein, lipid, fibre, carbohydrate,

energy, carbohydrate to lipid ratio, protein to energy ratio, as well as

protein solubility were determined for both fish diets. Moisture con-

tent was measured as the weight difference between moist and dry

samples after placing in an oven at 105°C until constant weight. Ash

content was determined by combusting the samples in a muffle fur-

nace at 500°C for 9 hr (AOAC, 2000). Feed samples were analysed

for protein content using a nitrogen analyser (Thermo Finnigan/Fla-

shEA® 1112 elemental analyser) with aspartic acid as the calibration

standard. Crude protein was calculated by multiplying total nitrogen

by 6.25 (Albanese, 2012). Protein solubility was determined as

described by Araba and Dale (1990). Briefly, a sample (1.5 g) was

placed in 75 ml of 0.2% (w/v) KOH solution for 20 min at room tem-

perature. The sample was then centrifuged for 15 min at 2,000 g

and the supernatant analysed for protein content using the Kjeldahl

method. Protein solubility, expressed as a proportion of the total,

was calculated by dividing the protein content of the KOH‐extracted
solution by the protein content of the original sample. Lipid content

was quantified using a reflux extractor ANKOM XT15 Fat Analyser

(ANKOM Technology Corporation, Macedon, NY, USA) and a solvent

mixture of petroleum ether:diethyl ether (9:1) (AOCS, 2005). Crude

fibre was determined using ANKOM200 fibre analyser (ANKOM

Technology Corporation). The nitrogen‐free extract of the diets was

determined according to Castell and Tiews (1980) by subtracting the

sum of crude protein, crude lipid, moisture, ash and fibre from total

content. Gross energy content of the feed samples was measured

using a Parr Model 6200 bomb calorimeter (Parr Instruments Co.,

Moline, IL, USA). Digestible energy (DE) content was calculated from
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standard physiological fuel values as 16.72, 17.62 and 37.62 kJ/g for

protein, carbohydrate and lipid respectively (Garling & Wilson, 1976).

2.3 | Fish growth

The studies were performed at the aquaculture research laboratory

of the American University of Beirut (AUB), Lebanon. Institutional

animal care approval was obtained prior to commencing the experi-

ment. Nile tilapia, O. niloticus fingerlings spawned at the laboratory

were used in experiments 1 and 2. Swim‐up fry were collected from

1 m3 holding tanks, stocked into 52‐L aquaria of an indoor recirculat-

ing system and sex reversed using methyl testosterone treated Tila-

pia starter feed (Rangen Inc.). The fish were then offered a 36%

protein and 6% crude lipid CF (Rangen Inc.) twice daily until the

beginning of the experiments.

Water was aerated using a regenerative blower and submerged air

diffusers. Temperature was maintained at 27 ± 1°C using submerged

heating elements. Measurements of temperature and dissolved oxy-

gen were performed daily using a handheld YSI Model 85 dissolved

oxygen meter (YSI Inc., Yellow Springs, OH, USA). Total ammonia

nitrogen (TAN), nitrite nitrogen and pH were measured weekly using a

Freshwater Aquaculture Test Kit, Model FF‐3 (HACH Company, Love-

land, CO, USA). Photoperiod was maintained at 14:10 hr (light:dark)

and 30% of the water in each system was changed weekly to maintain

optimal water quality. In both experiments, fish were offered feed at 5

per cent of total body weight divided over four portions per day

divided over 12 hours (0700, 1100, 1500 and 1900), 6 days a week.

Fish were group‐weighed biweekly after a day of fasting and ration

adjusted accordingly to 5% of the average total biomass of the largest

treatment. The ration was increased by 10% on weeks when biomass

was not measured. Both experiments were terminated after 8 weeks.

2.4 | Experiment 1

The first experiment was performed in a system consisting of fifteen

180‐L fibreglass tanks connected to a biological filter and settling

tank. The fish were size‐sorted by hand and 20 fish 2.0 g ± 0.54 and

5.0 cm ± 0.42 each (mean ± SD) were randomly stocked into each

tank. Fish were offered one of five feed regimens with three repli-

cate tanks per treatment. CF was offered always in the morning, fol-

lowed by Waste‐Based Feed (WBF) when applicable. For example, in

treatment 1 (100% CF), the four portions were CF. In treatment 2

(75% CF, 25% WBF), first three portions of the day were CF and

the fourth was WBF. Treatments were: (a) Experiment 1 treatment 1

(E1T1): 100% CF; (b) Experiment 1 treatment 2 (E1T2): 75% CF and

25% waste‐based feed (WBF); (c) E1T3: 50% CF 50% WBF; (d)

E1T4: 25% CF, 75% WBF; (e) E1T5: 100% WBF.

2.5 | Experiment 2

The second experiment was performed in a recirculating system con-

sisting of 21 indoor glass aquaria, 52‐L (58 × 30 × 30 cm; L × W ×

H), connected to a biological filter and settling tank. Fish were size‐

sorted by hand and 23 fish 2.3 g ± 0.58 and 5.3 cm ± 0.49 each

(mean ± SD) were randomly stocked into each tank. The fish were

offered one of seven feed regimens with three replicate tanks per

treatment as follows: (a) Experiment 2 treatment 1 (E2T1): 6 days

CF; (b) Experiment 2 treatment 2 (E2T2): 5 days CF, 1 day WBF; (c)

E2 T3: 4 days CF, 2 days WBF; (d) E2 T4: 3 days CF, 3 days WBF;

(e) E2 T5: 2 days CF, 4 days WBF; (f) E2 T6: 1 day CF, 5 days WBF;

(g) E2 T7: 6 days WBF.

2.6 | Fish growth and performance parameters

Fish were starved for 24 hr prior to harvest and data collection. The

fish were anaesthetized with a MS 222 solution (Western Chemical

Inc., Washington, DC, USA), group‐weighed and individual weight and

length measured to calculate final Fulton's condition indices (K). Ful-

ton's condition index was calculated as K = 105 × W/L3 where W is

weight (g) and L is length (mm). Survival per tank was calculated as:

S ð%Þ ¼ ðno. of fish at end of experiment

=no. of fish at beginning of experimentÞ � 100

Specific growth rate (SGR) and feed conversion ratio (FCR) were

calculated according to Hopkins (1992) and Bake et al. (2009) using

the following equations:

SGR ð% day�1Þ ¼ ½ln final weightðgÞ
� ln initial weightðgÞ�=feeding period ðdayÞ � 100

FCR ¼ Feed provided (g)=[final biomass� initial biomass (g)]

2.7 | Fish haematology and proximate composition

Blood samples were collected from the caudal arch using heparinized

1 ml syringes with 20‐gauge 4 cm needles. At least four samples

were taken from each tank. Haematocrit (Hct) was determined by

filling heparinized capillary tubes with blood and centrifuged at

10,000 g for 5 min using a microhaematocrit centrifuge. Haematocrit

values were reported as % volume using a microhaematocrit reader

(Morris & Davey, 2001). Total plasma protein (TPP) (g/dl) was deter-

mined with a veterinary refractometer (RHC‐200ATC; Westover Sci-

entific, Inc., Mill Creek, WA, USA) using the plasma obtained from

the microhaematocrit tubes (Alexander & Ingram, 1980). Hae-

moglobin (Hb) (g/dl) was determined by the Cyanmethemoglobin

method using Drabkin's reagent (Sigma, St Louis, MO, USA) (Larsen

& Snieszko, 1961). All types of haemoglobin were first converted to

methaemoglobin and then to cyanmethemoglobin, which was then

measured photometrically at 540 nm wave length.

The fish used for haematology were weighed prior to removing and

weighing their liver and viscera. Hepatosomatic (HSI) and visceroso-

matic (VSI) indices were calculated as: HSI = (liver weight (g)/body

weight (g)) × 100 and viscerosomatic index (VSI) = (viscera weight (g)/

body weight (g)) × 100. At least four fish per tank were pooled, macer-

ated and dried in an oven at 95°C to constant weight to determine

3144 | NASSER ET AL.
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moisture content. The dry samples were ground and stored for proxi-

mate analysis. Proximate analysis of samples of initial fish and “final”
fish were analysed using the procedures described previously for feeds.

2.8 | Statistical analysis

Statistical analysis of the data was performed using SAS (V.9.2, SAS

Institute Inc., Cary, NC, USA). Simple ANOVA was used to compare

means of survival, growth parameters, feed conversion, haematologi-

cal parameters and proximate composition of fish among treatments.

Student Newman–Keuls (SNK) means separation test was used to

determine significant differences among treatment means. Signifi-

cance level was set to 5%.

3 | RESULTS

Proximate compositions of the commercial and waste‐based feeds

used in the present work are summarized in Table 1. The CF had

almost twice the protein content of the waste‐based feed (40.7% vs.

18.9%) whilst the waste‐based feed contained around four times

more lipids than the CF (22.2% vs. 5.2%). Although both feeds were

nearly iso‐energetic (circa 20 kJ/g of diet), they differed in the

amount of DE as well as ash and fibre contents.

3.1 | Experiment 1

Survival was 100% in all treatments. Moreover, fish in all treatments

exhibited an increase in weight and length during the experimental

period. However, a significant difference in growth was observed

among treatments (Table 2).

Mean values of the final body weight (FBW), final length (FL), K

(Fulton's condition index at harvest), FCR, SGR, HSI and VSI show

significant differences among treatments (p < 0.05). Fish in treat-

ments E1T1 and E1T2 grew significantly better in both length and

weight than fish in other treatments. Growth was negatively corre-

lated with amount of waste‐based feed offered in the regimen. Simi-

lar results were observed in the health indices and feed conversion.

Fish in E1T5 exhibited the greatest FCR (2.30 ± 0.10) and least SGR

(2.20% per day ± 0.00), whilst HSI and VSI increased as the amount

of WBF in the regimen increased (Table 2).

There were no significant differences among treatments in hae-

moglobin and haematocrit (Table 3). Mean haemoglobin values ran-

ged between 13.07 and 14.84 g/dl whilst Hct varied between

22.30% and 25.53%. TPP values were significantly different among

treatments with E1T5 having the greatest mean (9.76 ± 1.62 g/dl).

Whole‐body proximate compositions reported as a proportion of dry

weight of fish are also summarized in Table 3. Both protein content

and lipid proportion varied significantly as treatments changed. As

the proportion of waste‐based feed offered to the fish increased,

protein fraction of fish tissue decreased significantly and lipid pro-

portions increased significantly. Both moisture and ash content of

the fish decreased as the proportion of WBF in the diet increased.

3.2 | Experiment 2

All fish in all treatments survived for the duration of the experiment.

However, growth varied significantly with treatment (Table 4). Mean

FBW, FL, K (Fulton's condition index at harvest), FCR, SGR, HSI and

VSI were significantly different among treatments (p < 0.05). Both

final weight and FL of the fish decreased as the proportion of

waste‐based feed offered to the fish increased. Growth in treatment

E2T2 was similar to treatment E2T1 but fish growth started decreas-

ing as WBF in the regimen increased beyond 1 day a week. When

fish were offered only WBF (treatment E2T7), they had the smallest

FBW (7.8 ± 2.52 g) and FL (7.48 ± 0.77 cm) of all treatments and

the greatest FCR (2.20 ± 0.10) (Table 4). Feed conversion and HSI

and VSI also changed significantly when WBF offered to the fish

increased beyond two days out of six. HSI increased as WBF in the

regimen increased but then decreased significantly when the fish

were only offered WBF with no CF supplementation (Table 4).

Although no significant differences were observed among hae-

moglobin values of fish in the various treatments (12.95–14.62 g/dl;

Table 5), haematocrit and TPP values were significantly different

from each other among treatments with treatment E2T7 having the

least Hct (20.43 ± 2.18%) and most TPP (9.76 ± 1.63 g/dl). Whole‐
body proximate compositions reported as a proportion of dry weight

of fish are also summarized in Table 5. Significant differences were

observed in all proximate parameters with moisture, ash content and

total proteins showing a significant decrease with increasing WBF in

the regimen. Conversely, total lipids increased significantly as the

proportion of WBF offered increased.

TABLE 1 Proximate composition of restaurant waste‐based feed
(mean ± SD) used to supplement diets of Oreochromis niloticus
fingerlings for 8 weeks

Proximate composition Commercial feed Waste‐based feed

Dry matter (%) 93.4 ± 0.4 93.7 ± 0.6

Ash (%) 7.5 ± 0.26 5.5 ± 0.46

Crude protein (%) 36.7 ± 0.57 18.9 ± 0.4

Lipid (%) 5.2 ± 0.33 22.2 ± 4.80

Fibre (%) 4.6 ± 0.1 15.3 ± 0.7

NFE (%)a 35.4 31.8

CHO:L ratiob 7.6 2.1

P:E (g/MJ)c 2034.0 901.7

Protein solubility (%)d 9.3 ± 1.70 8.3 ± 0.87

Gross energy (MJ/kg) 20.01 ± 0.16 20.96 ± 0.19

Digestible energy (DE)

(MJ/kg)e

14.99 17.11

CP/DE (g/MJ)f 27.15 11.05

aNitrogen‐Free Extract (%) = 100 – (crude protein % + crude lipid % +
moisture % + ash % + fibre %). bCarbohydrates to lipid (CHO: L) ratio =

weight % in CHO: weight % in lipid. cProtein to energy (P:E) (g/MJ):

Crude protein %: energy. dProtein solubility (%) = Protein in KOH/protein
in sample × 100%. eDigestible energy (16.72, 17.62 and 37.62 kJ/g for

protein, carbohydrate and lipid, respectively; Garling & Wilson, 1976).
fCrude protein to DE (National Research Council, 1993).
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Treatment S FBW FL K FCR SGR HSI VSI

CF 100% (E1T1) 100a 19.3a 10.30a 1.75a 1.03d 3.30a 0.99c 9.02c

WBF 25% (E1T2) 100a 18.6a 10.17a 1.76a 1.10c,d 3.23a 1.17c 10.15c

WBF 50% (E1T3) 100a 17.4b 9.91b 1.77a 1.20c 3.10b 1.49b 11.47b

WBF 75% (E1T4) 100a 14.9c 9.30c 1.83b 1.37b 2.93c 2.05a 13.80a

WBF100% (E1T5) 100a 9.9d 7.92d 1.94c 2.30a 2.20d 2.30a 15.06a

Pooled standard error – 0.40 0.08 0.02 0.03 0.03 0.001 0.005

Note. Values in the same column with different superscript are significantly different from each other

based on SNK mean separation test (p < 0.05).

TABLE 2 Survival (S; %), final
body weight (FBW; g), final length
(FL; cm), Fulton's condition index
at harvest (K), feed conversion
ratio (FCR), specific growth rate
(SGR; % per day), and
hepatosomatic (HSI; %) and
viscerosomatic (VSI; %) indices of
Oreochromis niloticus fingerlings fed
increasing proportions of waste‐
based feed (WBF)

Treatment Hb Hct TPP Moisture Ash Protein Lipid

CF 100% (E1T1) 13.45 23.54 3.64c 75.97a 15.34a 68.95a 20.30e

WBF 25% (E1T2) 14.00 23.62 3.61c 73.85b 14.07a 63.26b 25.12d

WBF 50% (E1T3) 13.07 25.53 3.87c 70.87c 12.53b 55.71c 31.52c

WBF 75% (E1T4) 14.23 22.30 5.16b 67.53d 10.71c 48.77d 38.79b

WBF 100% (E1T5) 14.84 24.04 9.76a 64.22e 9.08d 44.05e 41.97a

Pooled standard error 0.53 0.65 0.24 0.24 0.50 0.79 0.79

Note. Values in the same column with different superscript are significantly different from each other

based on SNK mean separation test (p < 0.05).

TABLE 3 Haemoglobin (Hb; g/
dl), haematocrit (Hct; %), total
plasma protein (TPP; g/dl) and
proximate content (moisture, ash
content, protein and lipid) as per
cent of dry matter of Oreochromis
niloticus fingerlings fed increasing
dietary proportions of waste‐based
feed (WBF)

Treatment CF:WBF (day:day) S FBW FL K FCR SGR HSI VSI

6:0 (E2T1) 100 16.1a 9.77a 1.70b,c 0.97e 3.50a 0.98c 10.20d

5:1 (E2T2) 100 15.2a,b 9.76a 1.63d 1.03e,d 3.40a,b 0.96c 10.22d

4:2 (E2T3) 100 14.2b 9.46b 1.66d,c 1.10e,d,c 3.30b,c 1.63b 11.40d,c

3:3 (E2T4) 100 13.2c 9.04c 1.75b,a 1.17d,c 3.23b,c 2.37a 11.90c

2:4 (E2T5) 100 12.2c 8.79c 1.76b,a 1.20c 3.17c 2.14a 13.08b

1:5 (E2T6) 100 10.6d 8.52d 1.68d,c 1.50b 2.87d 2.20a 13.28b

0:6 (E2T7) 100 7.8e 7.48e 1.80a 2.20a 2.30e 1.79b 15.63a

Pooled standard error – 0.37 0.09 0.02 0.04 0.05 0.001 0.004

Note. Values in the same column with different superscript are significantly different from each other

(p < 0.05)

TABLE 4 Survival (S; %), final
body weight (FBW, g), final length
(FL, cm), Fulton's condition index
at harvest (K), feed conversion
ratio (FCR), specific growth rate
(SGR % per day), hepatosomatic
(HSI %) and viscerosomatic (VSI %)
indices of Oreochromis niloticus
fingerlings offered CF or WBF by
alternating daily feeding

Treatment Hb Hct TPP Moisture Ash Protein Lipid

6:0 (E2T1) 13.50 23.62a 3.72d 74.99a 15.87a 64.64a 19.28f

5:1 (E2T2) 12.95 21.94a,b 3.75d 74.01a,b 14.92b 63.61a 21.83f

4:2 (E2T3) 13.64 21.96a,b 4.33d 72.53b 12.90c 58.38b 27.63e

3:3 (E2T4) 13.43 21.38b 5.99c 68.83c 12.08d 52.72c 31.50d

2:4 (E2T5) 12.63 21.05b 6.63b,c 69.14c,d 11.44e 46.45d 34.58c

1:5 (E2T6) 14.62 20.95b 7.27b 68.14c,d 10.93e 44.62d 38.35b

0:6 (E2T7) 13.14 20.43b 9.76a 67.59d 10.39f 40.47e 42.15a

Pooled standard error 0.65 0.54 0.23 0.56 0.19 0.76 0.90

Note. Values in the same column with different superscript are significantly different from each other

based on SNK mean separation test (p < 0.05).

TABLE 5 Haemoglobin (Hb; g/
dl), haematocrit (Hct; %), total
plasma protein (TPP; g/dl) and
proximate content (moisture, ash
content, protein and lipid) as per
cent of dry matter of Oreochromis
niloticus fingerlings offered CF or
WBF by alternating daily feeding.
Treatments are CF: WBF on day:
day basis
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4 | DISCUSSION

Our results suggest that recycled food waste is an acceptable

replacement for CF for O. niloticus fingerlings up to 25%. Using

restaurant food waste in fish diets for 8 weeks did not cause mortal-

ity or any discernable symptoms of disease. Also, fish did not reject

feeds made completely from restaurant waste, suggesting that

restaurant food waste was both attractive and palatable. The follow-

ing discussion is written with the understanding that food waste

used in the present work was sourced from two restaurants that

serve primarily Lebanese food and does not represent food from all

restaurants. However, preliminary work on food waste from several

restaurants showed that the ingredient mix in waste was relatively

similar among various restaurants and the main differences were

spices, not proximate composition. Our main concern with the feed

used in the present work is that it contained about 15% cellulose

which was shown to affect digestibility of feed ingredients and

growth of tilapia (Amirkolaie, Leenhouwers, Verreth & Schrama,

2005; Shiau, Yu, Hwa, Chen & Hsu, 1988). We believe that if a dif-

ferent binder is used, we could possibly replace more than 25% of

the CF with WBF.

In experiment 1, the best growth responses were obtained in

tilapia in treatments E1T1 and E1T2 (no replacement and 25%

replacement). Growth parameters (weight, length, final K, FCR, and

SGR) showed no differences between treatments E1T1 and E1T2

indicating that 25% replacement of CF with WBF can be efficiently

used in feeding of cultured O. niloticus fingerlings. Similarly, in exper-

iment 2, the best growth responses were obtained in tilapia in treat-

ments E2T1 and E2T2 (6:0 and 5:1 days; CF:WBF). Growth

parameters (weight, length, FCR and SGR) showed no differences

between treatments E2T1 and E2T2 indicating that replacing WBF

with one out of six CF feeding days which corresponds to 16.7%

replacement can be efficiently used as a feeding regimen for cul-

tured O. niloticus fingerlings. However, the data also suggest that the

inflection point is somewhere between a 1‐day‐a‐week offering of

WBF and a 2‐day‐a‐week offering of WBF which proposes that

WBF could be offered more than one day out of six but less than

two. This corroborates results of experiment 1 suggesting that a

25% replacement of CF by waste‐based feed does not reduce fish

growth.

Treatments E1T5 and E2T7 showed the least growth over the

experimental period indicating that WBF alone is not suitable for

complete replacement of CF for growing O. niloticus fingerlings. Typ-

ically, fish have specific nutritional and energy requirements for sur-

vival, healthy growth and metabolism. Nutritional requirements of

O. niloticus fingerlings range between 30% and 35% for protein

depending on the protein source (Abdelghany, 2000; De Silva &

Radampola, 1990; Wang, Takeuchi & Watanabe, 1985), a minimum

of 5% lipid with an optimal range between 10% and 15% combined

with a protein to energy ratio (P/E) of 26.3–28.7 g/MJ in order to

ensure enhanced growth and protein utilization efficiency (Fitzsim-

mons, 2005; Shiau, 2002; Webster & Lim, 2006). The diet should

provide adequate nonprotein energy for survival and normal

metabolism, or else, the energy needed will be provided by proteins

at the expense of growth (National Research Council, 1993).

Although the diets used in both experiments (CF and WBF) had simi-

lar gross energy content, they differed significantly in protein and

lipid content in addition to DE (14.99 MJ/kg and 17.11 MJ/kg for CF

and WBF, respectively). Although sufficient amounts of DE were

available to all experimental fish, the high lipid content of the waste‐
based feed could have affected the P/E ratio which could have influ-

enced growth in both experiments.

Growth rate of O. niloticus decreased as substitution of CF with

waste‐based feed increased. This could be attributed to a decrease

in total protein offered to the fish or to a deficiency in essential

amino acids, fatty acids, vitamins and/or minerals. However, we

believe that the fish offered only CF were getting more than their

protein requirement for growth and the waste‐based feed worked as

a sparing supplement where expensive and essential amino acids

were replaced by amino acids from waste. Growth could also have

been affected by high lipid content of WBF. Du et al. (2005) sug-

gested that an increase in lipid content beyond recommended ranges

could adversely affect growth. In contrast to previous studies, Du et

al. (2005) and Ayisi, Zhao and Rupia (2017) suggest that protein con-

tent of the diets is more important in some fish than the energy

content as fish limit their feed intake based on the protein content

and not energy. Hence, when the percentage of protein in the feed

is low, the fish consume more feed up to a limit beyond which feed

intake cannot be increased. In the present work, when CF was

replaced at more than 25% by low protein WBF, the diet did not

supply the dietary protein requirement and provided excess lipids

which affected growth. Alternatively, the significant increase in lipid

to protein ratio could have affected growth as dietary increase in

lipid content tends to affect the ability of fish to digest food and

absorb nutrients as well as affect normal metabolic processes (Luo et

al., 2005; Wang et al., 2005). In both cases, it appears that high lipid

content of WBF affects growth.

Hepatosomatic and viscerosomatic indices are often an index of

fat deposition in the body and are quite important in the study of

fish metabolism, digestion and assimilation, production and secretion

of digestive enzymes and carbohydrate metabolism (Mantel & Bliss,

1983). Also, an increase in dietary lipid content is associated with

body lipid retention and storage. In the present work, significant lipid

deposition was observed in various sites such as the visceral cavity

and muscle tissues and this probably affected HSI and VSI (Luo, Xu,

Teng, Ding & Yan, 2010; Ochang, Fagbenro & Adebayo, 2007). In

both experiments, the lipid proportion in the fish increased and pro-

tein proportion decreased as the proportion of WBF in the regimen

increased. In the first experiment, treatment E1T1 had the greatest

protein and least lipid content, whereas treatment E1T5 showed the

least protein and largest lipid content. As for the HSI and VSI, the

lowest indices were reported in E1T1 whilst the greatest were

reported for E1T5. These results are like those of other studies

which reported least VSI and HSI in fish fed on high crude protein

diets (Kumar, Makkar & Becker, 2010; Lee, Jeon & Lee, 2002; Nan-

deesha, Gangadhara, Varghese & Keshavanath, 2002). In the second
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experiment, fish in treatments E2T1 and E2T2 had the greatest pro-

tein content and least lipid content, whereas E2T7 had the least pro-

tein and most lipid content. In both experiments, the fish offered a

high‐lipid diet deposited excess ingested lipids into adipose tissue

rather than in the liver, probably by enhancing the ability of fatty

acid uptake and triglyceride synthesis as described by He et al.

(2015). HSI in E2T7 was similar to that of E2T3, indicating that with

complete replacement of CF and consequently a large increase in

dietary lipid level, Nile tilapia did not store excess lipids in their liver

but rather could have experienced liver damage because of impaired

dietary homeostasis in addition to a decreased growth rate. Storage

of excess energy provided in the diet as lipid in adipose tissue is

probably an evolved trait in wild fish that do not have constant

access to energetic food. This would explain the increase in VSI with

the increase in lipid and energy content in waste‐based feed.

In experiment 1, regardless of the replacement with WBF, no sig-

nificant differences in haematocrit were observed. Differences in

haematocrit among treatments were observed in experiment 2, but

although they were statistically significant, those differences were

not great. Conversely, there were no significant differences in hae-

moglobin content of blood among treatments in both experiments.

Haemoglobin and Hct are used to screen for nutritional deficiencies,

specifically in micronutrients such as iron (Clauss, Dove & Arnold,

2008). Present results suggest that enough iron and necessary pro-

teins were being supplied by the WBF to maintain Hb levels, even if

not sufficient for rapid growth.

Total plasma proteins showed a significant increase with

increased replacement of CF by WBF in Nile tilapia fingerlings. Most

plasma proteins are totally or partially formed hepatically (Coz‐Rako-
vac, Strunjak‐Perovic, Hacmanjek, Lipej & Sostaric, 2005; Coz‐Rako-
vac et al., 2008) and the main fraction of fish blood protein is not

albumin as in mammals but rather alpha (α) and beta (β) globulins

that function as carriers of lipids in the blood (Larsson, Johansson‐
Sjobeck & Fange, 1976). Accordingly, TPP is correlated with the

amount of free fatty acids and cholesterol found in fish blood (Lars-

son et al., 1976). Hence, the increase in lipid proportion in the

experimental fish with increasing replacement of CF by WBF

explains the increase in TPPs since plasma proteins in fish act as lipid

transporters in the blood.

In conclusion, replacement up to 25% of CF by our WBF had

positive effects on growth performance for O. niloticus fingerlings, as

well as their proximate composition and haematological and bio-

chemical indices. Typical waste food from a Lebanese restaurant

tends to be rich in oils and fat which makes feed preparation more

difficult. We suggest that the waste be cold pressed to remove some

lipids before use. Also, it was feasible to collect waste from two

restaurants and process the waste immediately after collection thus

reducing fermentation, spoilage and contamination. If the present

work is to be adapted to commercial situations in regions where the

technology is not yet present, logistics need to be worked out for

waste collection, storage, processing and spoilage reduction. More-

over, the present work was performed to assess the feasibility of

using restaurant food waste in aquaculture in regions without access

to feed manufacturing. In more industrialized regions, the restaurant

waste could possibly be incorporated into a commercial diet as a

replacement for soy bean meal or possibly even for fish meal. Analy-

sis of amino acid and fatty acid profiles would help in better formu-

lating feeds using restaurant waste. In any case, restaurant waste

should be seriously considered a sustainable renewable source of

raw material for aquafeed production that can replace other expen-

sive, relatively unsustainable dietary ingredients. Moreover, if an

alternative to commercial fish feed can be produced locally,

expenses of importing commercial aquafeed to developing countries

where most aquaculture takes place would decrease by saving on

shipping and storage as well as reducing feed costs.
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