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Abstract.  Since the food system will inevitably produce food waste, it is recommended that it be captured 
and recycled for more efficient use rather than being disposed of as solid household waste. Therefore, it is 
advantageous to promote food waste as poultry feed. In order to study the feeding feasibility of a poultry Lab-
Prepared Feed (LPF) based on kitchen food waste as well as their nutritional value, the tests were carried out 
near Taza city on an organic chicken farm, in Eastern Morocco. The results of consumption indices concerning 
organic chickens treated only by Lab-Prepared Feed showed average values of 1.18 and 1.17 for tests 1 and 
2 successively. According to the results obtained, the tests proved the feeding feasibility of a Lab-Prepared 
Feed (LPF), it appears to be a good substitute for commercial foods. The study may help to ensure the 
recovering of food waste materials as a new poultry feed substitute.

1 Introduction 
Due to rapid population growth associated with 
urbanization, which is expected to reach 9.7 billion people 
by 2050 [1], rates of Municipal Solid Waste (MSW) 
generation are experiencing a significant increase more 
than double over the next twenty years in lower income 
countries [2]. It is predicted that will reach 2.2 billion tons 
by the end of 2025, moreover, the generation of MSW has 
a higher rate than urbanization [3], therefore, the same for 
food waste (FW) which occupies the highest proportion 
of fermentable household waste [4]. Quantitatively, 
Moroccan country generates annually more than 9 million 
tons of MSW, with a daily report of 0.76 Kg per capita in 
the urban area, of which only 9% recycled, and 37% 
landfilled [5, 6]. In the city of Oujda, the annual amount 
of solid waste generated is 152000 tons. In which the 
proportion of putrescible fraction mainly dominated by 
Food Waste is on average 74% and reaches 77% during 
the summer season. Unfortunately, this waste is landfilled 
instead of being recycled, aggravating the negative impact 
of its treatment within the landfill cells due to its high 
humidity of 64% [7]. 

Indeed, the Food and Agriculture Organization of the 
United Nations (FAO) has estimated that globally, 1.3 
billion tonnes of food waste is landfilled each year [8, 9, 
10], which accounts for up to a third of the total food 
produced for human consumption. Therefore, disposal of 
enormous quantities of food waste (FW) is an emerging 
problem which has a significant influence on global, 
economic and environmental conditions [10, 11]. 
However, each available disposal options have serious 
environmental impacts. On the other hand, food waste 
contributes to greenhouse gas (GHG) emissions produced 
at landfills [12], which are estimated at around 3,3 billion 

tonnes per year of CO2 into the atmosphere [8, 13], 
pollution of the aquifer and soil by leachate and the 
production of odor along with public health issues [12, 
14]. In addition, incineration cause a loss of energy due to 
the evaporation of water, as the humidity reaches up to 
82–86% [4] and is often accompanied by a release of 
dioxins. As a result, loss of valuable compounds and 
nutrients contained in this food waste [15]. 

In this regard, methods are provided as alternatives to 
conventional methods of treating WF and to facilitate the 
selection of removal technologies which are preferable. 
Certainly, according to the hierarchy of food waste 
management, governments must prioritize efforts to: 
reduce food waste, redistribute it, recycle it as animal feed 
and compost, recover energy by anaerobic digestion and 
finally put the rest in landfill [16]. 

Certainly, Proper and efficient handling of FW not 
only serves as a valuable resource but also reduces the 
impacts on the environment. Since the organic fractions 
have often a very high nutritional value, one of such 
suggested use would be the re-feeding of animals with this 
food waste. They may be used as a fed to livestock, thus, 
a substitute for traditional feedstuffs for pigs and poultry 
[17]. However, the FAO declared that 1.25 billion tonnes 
are used for animal feed. As well, the equivalent dry 
tonnage of these residues is more likely to provide 1.6 to 
1.7 billion tonnes of dry feed for animal [1]. This can 
contribute significantly to meeting the needs in terms of 
meat over the country [16, 18].  

As an original scientific study, in order to reuse of the 
food waste as a feed for organic chicken, two tests are 
conducted on 2016 at the eastern region of Morocco. The 
objective of this study is to check the feeding feasibility 
and the nutritional value of a poultry Lab-Prepared Feed 
(LPF) based on kitchen food waste. In addition, to 
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improve the production in poultry, using medicinal plants 
provided the greatest benefit. Indeed, the several studies 
by using medicinal plants as an ingredient were carried 
out. For example, the Thymus vulgaris used by Khan and 
al. [19] as a growth promoter, and which has shown a 
qualitative improvement in the meat produced. As well, 
Zhai and al., proved in numerous in vitro studies that 
essential oils exert antimicrobial effects on various 
pathogens [20]. Thus, he touched on the basics of 
essential oils, and its in-vivo effects on growth, intestinal 
microflora, antioxidant ability, immune functionality and 
meat qualities in poultry.  

2 Material and methods  

2.1 Lab-prepared poultry feed based on kitchen 
food waste (LPF) 

The lab-prepared food (LPF) for use in poultry farming is 
made from kitchen wastes (leftovers from meals, fruit and 
vegetable peels). These wastes are collected from many 
restaurants in the city of Oujda (Eastern Morocco). The 
organic part is obtained through a manual sorting 
operation. Thereafter, it is stabilized, sterilized and then 
granulated (Fig. 1). 

 

Fig. 1. The lab-prepared food (LPF) 

The isolated organic part is initially sun-dried until a 
mass-stable raw material is obtained. Then this raw 
material is milled to produce powdery food. 
Subsequently, a food supplement (based on medicinal 
plants) is added to this powder to enrich its nutritional 
value.  

This food (LPF) has undergone a characterization 
allowing the evaluation of its contents in Dry Matter 
(DM), which is determined through drying at 105°C for 
24 hours in a ventilated oven [21]. Thereafter, its contents 
of mineral matter (MM) and organic matter (OM) are 
determined by calcination at 550°C for 2 hours in a 
thermal incinerator (Muffle furnace) [22, 23, 24].  

In order to obtain a granulated feed that can be 
consumed by the smallest chicks, a manual granulation 
(with the addition of water) is carried out as a first step. 
Then, these granules (pellets) are sun-dried until they 
reach a stable mass (Fig. 2). 

Fig. 2. Schematic of the lab-manufacturing steps of the lab-
prepared food (LPF) 

2.2 Organic chicks breeding test 

For the experimentation study, only one type of foods was 
considered for the test: the lab-prepared food (LPF) was 
used as poultry feed (Fig. 1). Two feeding feasibility tests 
were carried out on a small organic chicken farm, located 
in the Taza city, Eastern Morocco. 

2.3 Tested organic chickens farming conditions 

As for the two breeding tests occurred for two months in 
order to check the feeding feasibility using youngest 
organic broilers. The first test took place from June to 
August 2016 and the second from July to September 2016. 
The applied breeding density for each group was 10 
subjects/m², allowing the respect of the standards of 15 to 
20 subjects/m² during the whole growth phase (15 to 30 
days) [25]. A sample of 20 one-week aged chicks, 
regardless of sex considering the reason for which these 
chickens are destined, which is the meat production, was 
used for each trial. As for the feeding frequency, it was of 
3 times/day (at 8:00, 12:00 and 16:00) in cylindrical 
feeders that can feed up to 50 chickens [26]. In addition, 
plastic drinkers with a capacity of 5 liters were used to 
supply them with tap water continuously [27]. Indeed, a 
liquid-based on a medicinal plant extract was added to 
these drinkers during the whole period of the 
experimentation.  

Generally, for the two tests occurred in the present 
study, the weight of each of the subjects was measured at 
the start of the operation to mark the average weight of all 
the chicks [28]. For each of the two tests, the monitoring 
of mortality cases, Feed intake, feed refusals and 
individual body weights were weighed weekly using an 
electronic balance (Model SF-400, ± 10g). The 
measurement of food consumption of these chickens was 
based on the difference between the distributed and the 
recovered quantities of food, thus, throughout the entire 
test period and for all occurred experiments [26, 29, 30]. 
As well, the feed intake could only be calculated group-
wise [30]. The weight changes, as well as the rates of food 
consumed per each week, allowed the calculation of the 
daily weight gain (DWG), the daily individual food 
consumption (DIC), the consumption index (CI), carcass 
yield (CY) and mortality rate (MR), which were evaluated 
following the formulas [26, 29]: 

DWG (g/day) = [Weight gain (g)] / [Duration of the 
period (days)] 

DIC (g) = [{Quantity of food served (g/day)-Quantity of 
food recovered (g/day)}] / [Number of subjects] 
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CI = [Quantity of food consumed in a single week (g)] / 
[weight gained during the same week (g)] 

CY (%) = 100 * [subject carcass weight] / [alive subject 
weight] 

MR (%) =100 * [(Initial number of subjects - Final 
number of subjects)] / [Initial number of subjects] 

2.4 Food supplements composition 

Food supplements have been prepared based on two forms 
of medicinal plants, powder (using thyme leaves, bay leaf, 
myrtle, fennel seeds), and liquid (based on citrus fruits, 
Clinoptilolite essential oils, and emulsifiers). Besides 
stimulating capacity of the digestive system of the tested 
subjects, the supplement in powder form improves 
(following data obtained from the poultry food 
industrials), their weight gain, their food conversion rate 
and the quality of their carcass on the one hand. It prevents 
their physical stress and increases the absorption of 
nutrients in their small intestine, on the second hand. 
Thus, for the transformation process, it prevents the 
decline of feed conversion ratios. Whereas for the 
supplement in liquid form, it is characterized (in addition 
to the benefits obtained from the food in powder form) by 
an ability to reduce the abdominal fatness and the negative 
effects caused by temperature and physical stress for the 
subjects. In addition, it increases the quality of drinking 
water by eliminating pathogens as much as possible.   

3 Results and Discussion 

3.1 Organic and minimal parameters 

The results of the organic and minimal parameters 
determined are reported in (Fig. 3). They are obtained 
from the dry matter (DM) of the samples. 

 

Fig. 3. Organic and minimal parameters of Lab-prepared food 
(LPF) 

The average OM composition is in the neighborhood 
of 92% DM which complies with the recommendations 
(92%) [31], indicating that food waste contains high 
levels of OM [32]. While the average rate of mineral 
matter (MM) is about 7.51% DM and that is the same 
value (6.1%) reported by Seven and al. [33]. 

The average dry matter (DM) content is approximately 
88% MB. This relatively high rate is partly due to 
pretreatment by drying, sorting and reduction in the size 
of the kitchen scraps before drying [21], the same 
observation was made by Lacour [34]. This value is 
almost the same as that for the diet of broilers (92%) [35] 
and 90.8% [31]. While the average moisture content is 
around 11% DM which is similar to the minimum result 
(20 g / kg) [36]. 

3.2 Growth performance 

The measurements made on organic chicks are mentioned 
in (Fig. 4A and 4B). 

According to the results of both test 1 and test 2 (Fig. 
4), it can be seen that the rates of the average consumption 
of the food during the rearing periods are low. Although 
it shows an evolution during the first 9 weeks of rearing; 
from 117 g to 279 g for the first test, and from 98.7 g to 
238.5 g for the second test, then it decreases relatively at 
the end of both tests. 

 
Fig. 4. Average total feed consumption, Average feed 
consumption, and the weight gain (g) per chick (A: Test 1’ & 
1’’, B: Test 2’ & 2’’) 

For daily food consumption, the results obtained are lower 
than the benchmarks recommended by Dusart [37]. 
Likewise, for daily consumption per chick [38]. However, 
the average results of food consumption, weight gain, and 
total food consumption are higher than those reported by 
Leiber F. and al. at the age over 82 days [30]. 
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3.3 Characteristics of the Carcass and Liver 

For the evaluation of animal performance, all chicks of 
each experimental unit were assessed to give a group 
average measurement, thus, made the number of replicate 
n=20 (100%). Furthermore, the carcass, being associated 
with the determination of the efficiency in terms of feed 
cost [39], is determined at 89 d of age when all chicks per 
experimental unit (10 birds/treatment) were slaughtered 
following the method of bleeding. For the calculation of 
the carcass yield, the hot eviscerated carcass weight 
(eliminating feet, head, and abdominal fat), was 
considered in relation to the individual bodyweight that 
was obtained before slaughter [40]. 

The characteristics of both carcass and liver of chicks 
have been studied by several researchers, Carew and al. 
conducted a study on the effects of lysine deficiency on 
the liver and body weight and food intake in growing 
chickens. They concluded that liver weight is relative to 
body weight [41].  

The characteristics of the carcass and liver in organic 
chickens fed with the lab-prepared food (LPF) are 
mentioned in (Table 1). Indeed, the carcass average’s 
weight, included and without viscera, as well as the liver 
average’s weight obtained in organic chicks are lower. 

Table 1. Average Carcass and liver weight measured for 
organic slaughtered chickens. 

  Test 1 Test 2 
(n=20) (n=20) 

Unit 1 
(n=10) 

Unit 2 
(n=10) Average  Unit 1 

(n=10) 
Unit 2 
(n=10) Average  

Carcass 
weight 
included 
viscera 
(g) 

115 112.9 113.95 87.75 92.8 90.27 

Carcass 
weight 
without  
viscera 
(g) 

91 87.6 89.3 66.1 69.9 68 

Liver 
weight 
(g) 

6.43 8.2 7.31 4.69 7.96 6.32 

The results obtained are different from those reported by 
Leiber and al. [30]. Thus, they found that the weights of 
both carcass and different meat cuts were high for all of 
the studied subjects while using insects as protein sources 
and legumes, to replace the soybean cake's diet in the 
organic broiler. 

3.4. Zoo-technical performances 

The zoo-technical performances in organic chickens are 
mentioned, in (Table 2). 

Regarding the obtained consumption indices (CI), the 
consumption indices for the two tests on organic chickens 
are lower than the standards declared according to the 
Poultry Chambers Agriculture Survey 2014 which is 
3.063 for an average slaughter age of 89 days [42]. Also, 

those (CI) are lower than those obtained by Leiber F. and 
also by Juin [30, 38]. 

Table 2. Zoo-technical performances in organic chickens. 

 Test 1 Test 2 
 (n=20) (n=20) 

 Unit 1 
(n=10) 

Unit 2 
(n=10) Average Unit 1 

(n=10) 
Unit 2 
(n=10) Average 

CI** 1 1.22 1.13 1.18 01.10 1.24 1.17 
M*2 10.00 0 5 20.00 0 10 

ADG**3 1.59 1.46 1.52 01.29 1.39 1.34 
CY**4 56.2 55.6 55.9 47.8 47.8 47.8 

2Average Daily Gain (g); 2Mortality rate (%); 3Consumption indices; 
4Carcass Yield; *P < 0.05; ** P < 0.01; *** P < 0.001; NS = not 
significant 

Moreover, the average daily gain (ADG) is very low, 
they are 1.52 and 1.34, successively for the two tests 1 and 
2, and which are lower than those obtained in organic 
broilers fed a diet based on insects and legumes as sources 
of protein [30]. The Carcass Yield (CY) shows a 
similarity compared to those obtained in broilers (40.01% 
and 41.23%) for both tests, respectively, using the LPF 
(Table 2). 

4 Conclusion 
As food waste (FW) is inevitably generated by many 
sectors such as households, hotels, supermarkets and 
restaurants, it is strongly recommended to be recovered 
more efficiently than to be buried as MSW. 
This food waste, which accounts for a large proportion of 
solid household waste, is rich in carbon and nitrogen 
sources such as carbohydrates, proteins, and fats, which 
are excellent raw materials.  

One of the suggested uses would certainly be to 
promote the recovery of these amounts of food waste as 
feed. In addition, these waste materials have great 
potential in biomass with valuable solutions to animal 
nutrition problems. 

Based on the results obtained, the present study has 
proved the feasibility of reusing food waste generated in 
restaurants, after their stabilization, sterilization, and 
granulation as a food substitute for organic chicks. This 
could then help boost poultry production at a lower cost 
and ensure a balanced diet for the public. The results of 
this study encourage, in future studies, the promotion of 
the recovery of food waste as a feed for poultry while 
respecting the standards in force in the field of livestock 
besides the protection of the environment. 
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