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Effects of storage period on nutritive value of broilers feeds and their 
remedy through some dietary treatments

Introduction

Few research evaluated the effects of storage period on the nutritive 
value of some individual ingredients used in animal diets; furthermore, 
no information on the storage effects of mixed/manufactured diets on 
poultry performance. Storage of poultry feed may reduce its nutritive val-
ue and increase fungal and mold infection, which would present high 
economic losses in poultry enterprises due to increased mortality and 
reduced performance. Additionally, the legislation made by the Egyptian 
Ministry of Agriculture estimated the maximal storage period of man-
ufactured/mixed poultry feed as 6 months. However, there are doubts 
that diets may expire in shorter periods and lose part of their nutrient 
contents or be contaminated with mycotoxins resulting from growth of 
mold. This study evaluated the feeding value of diets stored for 4 and 6 
months based on broilers’ performance. 

Long-term storage may result in a decrease in the fat content of the 
grains and an increase in their free fatty acids; factors that may reduce 
their energy content. This indicates that some fatty acids oxidize during 
storage (Pomeranz, 1982). Moreover, storing corn may increase lipid oxi-
dation and free fatty acid content (Galliard, 1986). Reed et al. (2007) eval-
uated the effect of storage of corn for two months on its nutrient com-
position; the results showed that the percentage of protein in maize was 
significantly decreased by the duration of storage, also, the fat content of 
the grain decreased by more than 10%. In this regard, storage may affect 
the protein content in corn as indicated by changes in the lysine content 
(Bartov, 1996). Similarly, Yin et al. (2017) reported that the content of ami-
no acids and crude protein in corn generally decreased with increasing 

the storage period. García-Rosas et al. (2009) reported that corn stor-
age might cause starch retrogradation and lead to formation of resistant 
starch. Chen (1990) reported a 20% to 70% loss of vitamin A activity when 
three commercial cross-linked vitamin A were stored for three months 
at high temperature and relative humidity. Higher losses were reported 
in activity in vitamin premixes blended with inorganic trace minerals as 
compared to vitamin premixes without inorganic trace minerals stored 
for 120 days (Shurson et al., 2011). The latter authors also observed 9% 
and 8.6% loss of activity per month for vitamins A and B6, respectively. 

Additionally, contamination of poultry feeds with mycotoxins due to 
infection and growth of mold during storage, especially under humid and 
hot climates, represents a global challenge to poultry producers and feed 
manufacturers (Moretti et al., 2017). Aflatoxins, which are the predom-
inant mycotoxins, do not habitually occur at the pre-harvest stage like 
other mycotoxins; since the associated fungi (Aspergillus flavus and As-
pergillus parasiticus) are commonly seen as storage mold (Afolabi et al., 
2019; Leggieri et al., 2020). The aflatoxins infection and non-regulation of 
their metabolites in stored feed ingredients are associated with econom-
ic losses in livestock enterprises including elevated mortality, decline in 
productivity, and augmented veterinary costs (Zain, 2011). Knowledge of 
aflatoxin concentrations in stored poultry feeds remains scarce (Nakavu-
ma et al., 2020)

This study, therefore, aimed to evaluate the effect of different stor-
age periods (fresh, 4 months and 6 months), and assess to what extent 
supplementing the stored feed with additional levels of amino acids and 
vitamins may alleviate the negative impact (if any) of storage period on 
productive performance of broilers.
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ARTICLE INFO ABSTRACT

There is scarce information on the effects of feed storage period on poultry performance, which has not been 
investigated thus far. The aim of this study was to evaluate the effect of feeding broilers on feeds stored for 
different periods, with or without supplemental amino acids and vitamins. This study followed a factorial design 
(3 x 3), i.e. three dietary treatments and three feed storage periods. The three dietary treatments consisted of 
1) a basal diet, 2) a basal diet including additional 5g methionine and 13 g lysine/kg, and 3) a basal diet includ-
ing 3 g vitamin premix/kg. The 3 dietary treatments were tested with feeds stored for three different periods 
(Fresh, 4-months, and 6-months). A total of 450 one-day old broiler chicks were randomly assigned to the 9 
treatments, each treatment contained 5 replicates of 10 chicks each (n= 50/group). The experiment lasted for 
42 days. The results indicated that the final BWs of the birds received 4- or 6-months stored feed were greater 
than that of those fed fresh diets. The best total BWG was seen in the 4-month-stored feed group. There was 
no significant effect of storage period on total FC and FCR during period from 0 to 6 weeks of age, but the FCR 
tended to be better with the feed stored for 4 months. Haemoglobin was significantly higher in the birds fed 
fresh or 4-month stored feed. The percent of liver and spleen of the birds received 6-month-stored feed were 
the highest (P ˂ 0.01). Plasma content of albumin was higher in the birds received 4-or 6-month stored feed 
than the fresh diet. The use of additional amino acids increased the final BW and total BWG than those of the 
control and vitamin-supplemented treatments. The main effect of dietary treatments on percentages of immune 
organ weight was insignificant. The control (basal diet) recorded higher lymphocytes percentage, while T2 (BD 
+ double level of amino acids) recorded higher eosinophil, heterophil and H/L ratio, whereas T3 (BD + double 
level of vitamins) recorded higher levels of haemoglobin, eosinophil, and monocytes. The main effect of dietary 
treatments on blood plasma proteins was insignificant. The tested treatments did not show a significant effect 
on broilers mortality. The detected values of AF1, AF2, AG1, and AG2 were very low in all 9 diets. In conclusion, 
enrichment of broiler feeds with higher levels of lysine and methionine (double level of NRC, 1994) together 
with antioxidants supplement could prolong their shelf-life to 6 months without any deleterious impact on 
productive performance of broiler chickens.
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Materials and methods

This study was carried out at the Poultry Research Farm, Faculty of 
Agriculture, Assiut University, Assiut, Egypt. This study has been approved 
by the Council of Poultry Production Department, Faculty of Agriculture, 
Assiut University, with the approval number of (312022-120-3).

Birds and experiment design

A total number of 450 one-day-old, unsexed Hubbard broiler chicks, 
having a similar average body weight (BW) (42.50±0.33 g), were used. All 
chicks were wing-banded, individually weighed, and randomly allotted 
into 45 equal replicates of 10 chicks each. Each replicate was housed in 
floor pen (2 m length × 0.75 m width). This experiment was carried out in 
a factorial design (32). It consisted of three dietary treatments (T1: a basal 
diet, T2: a basal diet supplemented with additional 5g methionine and 
13 g lysine/kg diet, and T3: a basal diet supplemented with 3 g vitamin 
premix/kg diet). The 3 dietary treatments were tested using feeds stored 
for three different periods (Fresh, 4-months, and 6-months). Therefore, 
the 45 replicates were equally divided among nine treatment groups (5 
replicates per group, N = 50 birds/group) as follows: G1 (Fresh feed T1), 
G2 (Fresh feed T2), G3 (Fresh feed T3), G4 (4 months stored feed T1), G5 
(4 months stored feed T2), G6 (4 months stored feed T3), G7 (6 months 
stored feed T1). G8 (6 months stored feed T2), G9 (6 months stored feed 
T3).

The feed ingredients were purchased from Alsalam Feed Factory 
(Assiut), and the diets were formulated based on yellow corn, soybean 
meal, gluten, methionine, lysine, table salt, and premix. To ensure that the 
dietary ingredients are fresh, upon reception of them, they were careful-
ly inspected regarding texture, hardness, intactness, appearance, colour, 
appearance, and infections with insects, or moulds. All signs indicated 
that they are fresh.

Before starting the experiment, the total amounts of feed ingredients 
required for 450 broiler chickens (from 0 to 42 days of age) were calculat-
ed. Then, the first third of this amount was mixed and stored for 6 months 
before starting the experiment, the second third was mixed and stored 
for 4 months before starting the experiment, and the last third of this 
amount was mixed just before starting the experiment (fresh).

Feed storage conditions

Feed was stored indoors (in a hall) and away from vermin. Feed was 
kept in wholesome plastic bags which were closed tightly and stood 
away from the hall walls and from the concrete floor by placing them on 
wooden pallets that allow air between the feed and the floor. The bags 
were also kept away from any source of moisture or direct light (sun-
light or electric). Good ventilation was provided all the time to prevent 
condensation. The place was also under control to prevent rats, mice, 
and insects. During the feed storage period, the temperatures average 
was 35ºC, ranging between 28.5°C and 41.5°C, and humidity average was 
53.5%, ranging between 26.8% and 80.5%.  

The chicks were fed their diets in a mash form that met all nutrient 
requirements recommended by NRC (1994). During the experimental pe-
riod (0 – 6 wks.), they were fed a starter diet from 0 - 3 weeks (23% CP, 
2950 kcal ME/kg, 1.35% Lysine, 0.536% Methionine) and a grower diet 
(21% CP, 3100 kcal ME /kg, 1.05% Lysine, 0.41% Methionine) from 4 - 6 
weeks of age. Supplementations of double level of amino acids (lysine 
and methionine) or vitamins premix were provided in the diets from day 
1 to day 42 of age. All birds involved in the study were kept under similar 
managerial and hygienic conditions and were offered feed and water ad 
libitum. The chicks were maintained on a 24-h constant light regimen 
throughout the experimental period. All chicks were vaccinated against 
the most popular diseases. It is noteworthy to mention that we tried in 
this experiment to simulate the managerial conditions common in most 

small broiler raising farms that do not have enough advanced facilities to 
control temperature or humidity specially at summertime.  

The studied criteria

Growth performance 

The initial and final body weights (BW) were recorded on an indi-
vidual basis. The feed consumption (FC) was weekly recorded on a per 
replicate basis for the whole experimental period according to Attia et al. 
(1995). The total body weight gain (BWG)= [(Final BW − initial BW), and 
feed conversion ratio (FCR)= (FC / BWG) were calculated. The number of 
dead birds was recorded, and mortality rate (%) was calculated for each 
treatment.

Carcass traits and internal organs

At the end of the experiment (42 days of age), a slaughter test was 
performed using 5 birds from each group (1 bird from each replicate 
around the average LBW of each group). The birds were fasted for 6 hours 
then individually weighed to the nearest gram and slaughtered using a 
sharp, sterile knife. After bleeding, the birds were individually weighed to 
determine the blood weight. Then, the birds were scaled and defeath-
ered manually and weighed to calculate feather weight by difference. 
The measurements recorded from the carcass were: giblets weight (liver, 
heart and empty gizzard), abdominal fat weight, carcass parts weights 
(breast, back, head, thigh, and drumstick), and dressed carcass weight. 
Moreover, the immunity organs (liver, bursa, and spleen) were separated 
and weighed. All weights of such organs and parts were also expressed 
as a percent of pre-slaughter body weight.

Blood analyses

Blood samples were collected at the time of slaughter at 42 days of 
age from 45 previously mentioned birds in heparinized tubes (10.0 ml). 
Haemoglobin, total protein, albumin, and globulin were measured. 

Haemoglobin concentration

The haemoglobin (Hb) concentration was determined in the collect-
ed blood samples, using Drabkin reagent (a chemical kit purchased from 
Hem. React Co.) and the absorbance was measured by a UV- visible spec-
trophotometer (Optizen Pop, Mecasys – Korea) using 3 ml sealed quartz-
glass cuvettes with a path length of 1 cm).

Plasma analyses

Blood samples were collected from each of the 45 slaughtered birds 
in heparinised tubes (10.0 ml) to obtain plasma. Total protein, and albu-
min, were measured in blood plasma by an auto-analyser (SHIMADZU 
CL-8000 automatic autoanalyzer, Cairo, Egypt) and using commercial kits 
purchased from Biodiagnostic CO.  29 El-Tahrer St. - Dokki- Giza - Egypt. 
Globulin was calculated as the difference between total protein and albu-
min of the same sample.

Detection of Aflatoxins

Detection of Aflatoxins was done at the Central Laboratory, Health 
Building, Faculty of Veterinary Medicine, Assiut University. Feed samples 
were taken from fresh, 4-months and 6-months stored feeds for deter-
mining AF1, AF2, AG1, and AG2. Aflatoxins were detected according to 
the procedure of Benvenuti and Burgess (2010) as follows: 1. Standard 
Preparation: Two stock solutions were purchased from Supelco; 46319-U 
and 46304-U. From these, intermediate stocks were prepared in meth-
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anol and diluted with 1% acetic acid (aq.) to produce six standard con-
centrations. These concentrations bracket the concentration of the final 
extract following the sample preparation procedure. From each standard, 
20 µL was injected in triplicate. 2. Sample Preparation: Individual samples 
of broiler diets were divided into two 25 g portions. One portion was kept 
as a blank. The other was spiked with aflatoxin standards at the EU levels. 
Both portions were then carried through the VICAM Afla Test cleanup 
procedure. 3. Spiking Procedure: Each sample was spiked at 4 µg/kg total 
B and G (1.54 µg/kg B1). This was achieved by adding 384.6 µL of a 0.26 
mg/L solution to the blender for the sample preparation. Afla test sample 
was Prepared using a blender, blend 25 g sample, 5 g sodium chloride, 
and 100 mL of 80:20 methanol: water (HPLC grade), mixed at high speed 
for 1 min. This solution was filtered through fluted Whatman filter paper 
(filtrate 1), 10 mL of filtrate was mixed with 40 mL water, filtered through 
glass microfiber filter paper (filtrate 2). Then, 10 mL were loaded of filtrate 
2 onto a VICAM Afla Test Affinity Column, part no. G1024, and washed 
with two 10 mL portions of HPLC-grade water. Finally, they were eluted 
with 1 mL HPLC grade methanol. 

Statistical analysis

The variables presented as percentages were arcsine-transformed 
before analysis. Each replicate was considered as an experimental unit. 
The influence of the experimental factors (storage period and dietary 
treatments) on the measured variables was analyzed by ANOVA follow-
ing a completely randomized design, and the statistical analysis was con-
ducted using the General Linear Model (GLM) procedure, SAS version 9.4. 
Significant differences among treatment means were determined using 
Duncan multiple range tests (Duncan, 1955).
The following model was used: Yijk = M + Si +Tj + STij + Eijk

Where, Yijk = observed value, M = overall mean, Si = Storage period effect, 
Ti = Dietary treatment effect, STij = Interaction effect, and Eijk = random 
error.

Results

Growth performance measurements

The results of the effect of storage periods and dietary treatments 
on broilers growth performance measurements are shown in Table 1. The 
final BWs of the birds that received feed stored for 4 or 6 months were 
greater than that of those fed fresh diets, and the best total BWG was 
seen in the 4-months-stored feed group. There was no significant effect 
of storage period on total FC and FCR during period from 0 to 6 weeks of 
age, but the FCR tended to be better with the feed stored for 4 months. 

Moreover, the birds of T2 (BD + double level of amino acids) showed 
significantly higher final BW and total BWG than those of T1 and T3. These 
results revealed that feeding diets supplemented with higher levels of ly-
sine and methionine could alleviate the effect of storage for 6 months. 
Moreover, these results indicated that raising the lysine and methionine 
level to the double of its level in the basal diet had a significant positive 
effect on final BW, i.e. at 6 weeks of age. Besides, raising the lysine and 
methionine level to the double of its level in the basal diet (T2) showed 
a significant positive effect on FC and FCR from 0 to 6 weeks of age. 
Regarding the mortality rate, there were only 4 cases during the exper-
imental periods which were from different four groups (one per group). 
The whole number of birds under study was 450 birds. Therefore, the 
mortality percentage was less than 1%. It is obvious that the effects of 
storage period and dietary supplements were insignificant. 

Carcass, meat yield, and immune organs

The results presented in Table 2 illustrate the effect of storage pe-
riods and dietary treatments on percentages of carcass parts, immune 
organs, and meat yield of broiler chickens. The relative weights of legs 
(thigh and drumstick), and breast were not affected by feed storage peri-
ods, but the abdominal fat percentages tended to be higher in the birds 
fed fresh feed. The effect of storage period on dressed carcass percent-
age was inconsistent since it was lower at using 4-month stored feed 
than the fresh feed, then they did not differ at using 6-month stored feed 
than the fresh feed. The liver percent and the total giblets percent were 
significantly higher for the birds received the feed stored for 6 months, 
and the gizzard percent was higher for the birds of T2 (BD + vitamins). 
The percent of the liver, spleen and total immune organs for the birds 
received 6-month stored feed were significantly higher (P ˂ 0.01).

The relative weights of legs (thigh and drumstick), and breast were 
not affected by dietary treatments. Regarding the effect of dietary treat-
ments on dressed carcass percentage, the results revealed significantly 
higher percentages for the birds of T2 (BD + double level of amino acids). 
The main effect of dietary treatments on percentages of immune organs 
weight was insignificant, however; there was a trend to increase in the 
percent of spleen and bursa of T3 birds (those received BD + double level 
of vitamins).

Plasma proteins

The effect of storage periods and dietary treatments on plasma total 
protein, albumin, and globulin are presented in Table 3. The main effect 
of storage period on blood plasma proteins was significant for albumin 
(P˂0.01). Albumin percent was significantly higher in blood plasma of 
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Treatments
Variables (0-6 weeks of age)

Final BW (g/bird) Total BWG (g/bird) Total FI (g/bird) FCR (g feed: g gain) Mortality*

Storage Period

Fresh 2172b 2116.8b 3620.4 1.71 1

4 Month 2288a 2217.6a 3662.4 1.65 2

6 Month 2246a 2171.4ab 3683.4 1.7 1

SEM 22.17 0.27 1.09 0.02 -

P-Value 0.00 0.09 0.62 0.3 -

Dietary Treatment

T1 2152b 2079b 3574.2b 1.72a 1

T2 2357a 2284.8a 3750.6a 1.64b 2

T3 2199b 2146.2b 3637.2ab 1.69ab 1

SEM 22.17 0.27 1.09 0.02 -

P-Value <.001 0.00 0.03 0.09 -

Table 1. Effect of storage period and dietary treatments on growth performance of broiler chickens aged 0-6 weeks.

a, b, c,d Means within the same column without mutual superscripts are significantly different (P ≤ 0.05). T1: control; T2: amino acids; T3: vitamins; *: number of birds.



the birds received 4- or 6-month stored feed. The main effect of dietary 
treatments on blood plasma proteins was insignificant, however; the per-
centages of globulins and total proteins tended to be higher in T2 (BD + 
amino acids) and T3 (BD + vitamins).

Detection of Aflatoxins

The results presented in Table 4 revealed the values of different types 
of aflatoxins detected in the experimental diets at different storage pe-
riods (fresh, 4-months, and 6-months).  The detected values of AF1, AF2, 
AG1, and AG2 were very low. They - even in some samples- were lower 
than the limit of detection (LOD).  It is globally (USDA, FDA, and EFSA) and 
locally (Egyptian Ministry of Agriculture) accepted that all animal feeds 
containing less than 20 parts per billion aflatoxins are considered safe. 
These results indicate that diets supplemented with antioxidants could 
be safely used after 4 to 6 months storage period without any risk of 

unaccepted level of aflatoxins.

Discussion

This study aimed at evaluating the effects of storage period of broil-
er’s feed, mainly based on bird’s performance. Broilers feed here was 
stored for up to 6 months, which is the expiry date set by the Egyptian 
Ministry of Agriculture. As mentioned in the introduction, there are few 
studies evaluated the effects of storage period of poultry feed on perfor-
mance. Some studies evaluated the effect of storage period of individual 
ingredients including corn and barley, which indicated a severe decline in 
their nutritive value in one or more nutrients including energy, fat, starch, 
total protein, amino acids, Lysine, vitamins, or increased aflatoxin con-
tent (Bartov, 1996; Reed et al., 2007; García-Rosas et al., 2009; Shurson 
et al., 2011; Yin et al., 2017). Any reduction in the dietary nutrient levels, 
feed spoilage, or aflatoxin contamination, would show large negative 
impacts on broilers performance and liveability. However, the obtained 
results here did not indicate any negative effect of feed storage periods 
on growth performance measurements or liveability, which implies that 

Treatment
                                     Variables (% of live body weight)

Legs (thigh +drumstick) Breast Dressing Abdominal Fat spleen Bursa Liver Heart Gizzard

Storage Period

Fresh 22.67 22.49 79.20a 1.61b 0.21b 0.16 1.86b 0.49 1.71

4 Month 22.64 23.52 78.59b 1.26a 0.22b 0.16 2.00ab 0.49 1.6

6 Month 22.89 23.59 79.15a 1.36b 0.25a 0.17 2.18a 0.52 1.69

SEM 0.22 0.47 0.15 0.08 0.01 0.01 0.07 0.01 0.04

P-Value 0.69 0.21 0.01 0.01 0.03 0.33 0.01 0.27 0.24

Dietary Treatment

T1 23.01 22.72 78.60b 1.37 0.23ab 0.15 2 0.49 1.76a

T2 22.57 23.77 79.51a 1.35 0.21b 0.16 2.01 0.51 1.59b

T3 22.63 23.12 78.83b 1.5 0.25a 0.18 2.04 0.5 1.65ab

SEM 0.22 0.47 0.15 0.08 0.01 0.01 0.07 0.01 0.04

P-Value 0.33 0.33 0.01 0.38 0.08 0.13 0.89 0.75 0.06

Table 2. Effects of storage period and dietary treatments on carcass traits and immune organs of broiler chickens at 6 weeks of age.

a, b, c,d Means within the same column without mutual superscripts are significantly different (P ≤ 0.05).T1: control; T2: amino acids; T3: vitamins

Treatment
Plasma Proteins (g/dl)

Haemoglobin (g/dl) 
Total protein Albumin Globulin 

Storage Period

Fresh 1.93 0.65b 1.27 13.94a

4 Month 1.95 0.90a 1.05 13.07a

6 Month 1.92 0.87a 1.05 10.22b

SEM 0.08 0.06 0.08 0.41

P-Value 0.97 0.01 0.13 <.0001

 Dietary Treatment 

T1 1.77b 0.81 0.96 12.05b

T2 2.01ab 0.8 1.2 11.91b

T3 2.02a 0.8 1.21 13.27a

SEM 0.08 0.06 0.08 0.41

P-Value 0.06 0.99 0.08 0.05

Table 3. Effects of storage period and dietary treatments on plasma proteins and haemoglobin concentration of broiler chickens at 6 weeks of age.

a, b, c,d Means within the same column without mutual superscripts are significantly different (P ≤ 0.05). T1: control; T2: amino acids; T3: vitamins

AFB1 (ppb) AFB2 AFG1 (ppb) AFG2 (ppb) Total Afs (ppb)

Fresh 9.3 >LOD >LOD 0.4 8.9

4 Month 2.24 0.27 1.27 0.2 0.42

6 Month 0.5 >LOD 0.08 >LOD 0.44

Table 4. Aflatoxins detected in fresh and stored feed.
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the tested storage periods up-to 6 months have no negative effects on 
dietary nutrient levels or diet safety. 

These results may partially agree with those of Chrastil (1990) who 
evaluated the effect of storage duration for 110 months on the nutri-
tional value of corn kernels for broiler and his results showed that dry 
matter, protein, amino acids, and fat contents were not changed in the 
corn stored for periods from 0 to 110 month, and therefore their growth 
performance was not negatively affected. On the other hand, our findings 
contradicted with those of Abera and Rakshit (2004) who evaluated the 
effect of storage of corn for 2 months on nutrient composition. Their re-
sults showed that the percentage of protein in the maize was significantly 
decreased by the duration of storage, also, the fat content of the grain 
decreased by more than 10% (Reed et al., 2007). Similarly, Yin et al. (2017) 
reported that the content of fatty acids, amino acids, and crude protein 
in corn generally decreased with increasing the storage period. More-
over, García-Rosas et al. (2009) found that corn storage caused starch 
retro-gradation and increase resistant starch formation.

Different researchers have previously shown significant increases in 
BWG from broilers receiving diets supplemented with methionine and 
lysine. Kidd and Kerr (1996) reported that body weight gain of broiler 
chicks was improved significantly by 110 and 130% of the methionine 
level recommended by NRC (1994). Ahmed and Abass (2011) found that 
there were positive effects on meat yield and growth performance in re-
sponse to supplemental lysine and methionine in male broiler diets from 
21 to 41 days of age.  Nasr and Kheiri (2011) reported that lysine and 
methionine may result in enhanced performance, especially with regard 
to breast meat yield, body weight gain, and feed conversion ratio re-
lated to an increase in lean muscle tissue.  Wen et al. (2017) reported 
that lysine was found to improve carcass quality and growth performance 
of broilers. Belloir et al. (2019) indicated that healthy broilers responded 
positively to the high dietary inclusion of amino acids and had a positive 
effect on the performance. Fagundes et al.  (2020) illustrated that lysine is 
one of the limiting amino acids in poultry diets. Additional lysine at 120% 
of the level of NRC in avian broiler diets optimized BWG, whereas a low 
level of lysine decreased growth and live weight.

Dale and Fuller (1980) reported that heat-stressed broiler chickens 
respond positively to increase amino acid consumption. They suggested 
increasing the amino acid levels in warm environments to compensate 
for the expected reduction in feed intake. These results are similar to 
those of Schutte and Pack (1995) who reported that a significant increase 
in amino acids feed intake (120 and 130% of NRC methionine) improved 
feed conversion ratio in broiler chicks. Rezaei et al. (2004) found that diets 
supplemented with additional lysine of 0.2% with the standard methi-
onine level of 0.43% in a reduced CP diet gave the best results in terms 
of FCR. Corzo et al. (2005) reported that lysine and methionine may result 
in enhanced performance, especially regarding breast meat yield, body 
weight gain, and feed conversion ratio. Saki et al. (2007) cleared that ami-
no acid supplementation favours feed conversion efficiency in broilers. 
Chrystal et al. (2020) stated that high amino acids diets have been shown 
to maximize growth performance, meat yields, and BW and to decrease 
FCR. Neto et al. (1998) reported that the addition of Methionine to high 
(24%)- or low (17%)-protein diets improved the growth and FCR. Kidd et 
al. (2004) mentioned that dietary synthetic amino acid supplementation 
to broilers diets improved feed efficiency and reduced nitrogen excretion.

The obtained results in this study partially agree with those of Cave 
et al. (2008) who reported that the addition of amino acids and metabolic 
intermediates to diets may lower abdominal fat deposition in broilers. 
Schutte and Pack (1995) reported that broiler chicks consuming diets with 
methionine higher than NRC level showed a significant increase in abso-
lute and relative breast weight and a significant decrease in abdominal 
fat. Ahmed and Abbas (2011) showed that the broiler chicks fed with a 
diet containing higher methionine level than National Research Council 
requirements (NRC, 1994) exhibited a significant increase in relative and 
absolute weight of the breast and a significant reduction in abdominal 
fat.

The absence of any negative effect of storage period on most per-
centages of carcass parts may be considered as a favour for feed stored 
for up to 6 months. These results are partially in agreement with those of 
Nutautaitė et al. (2020) who reported that modified amino acid inclusion 
can reduce mortality and improve health status of broiler chickens. 

Conclusion

Based on the results of the present study it could be concluded that, 
under Egyptian circumstances, enrichment of broiler feeds with higher 
levels of lysine and methionine (double level of NRC recommendations) 
together with supplemental antioxidants could prolong their shelf-life to 
6 months without any deleterious impact on productive performance of 
broiler chickens.
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