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Abstract

This study was carried out to assess the quality of poultry feeds sold for poultry farmers
compared to National Research Council (NRC, 1994) and Sudanese Standards and Metrological
Organization (SSMO, 2015) standards. Chemical analysis using AOAC (1990 ) was used to
assess the quality of 17 samples of poultry feeds ( 6 broiler starter , 6 broiler finisher and 5
samples layer feed ) collected randomly from six factories (A, B, C, D, E and F) during 2013.
Dry matter (DM %), crude protein [CP%], ether extract (EE %), crude fiber (CF %), ash% and
aflatoxin (ppb) were recorded. Metabolizable energy (ME) was calculated by the equation of
Lodhi (1976).Major minerals Ca%, Zn%, K% and Na% and oligo elements Fe mg/kg, Mn mg/kg
and Mn mg/kg were determined. The analytical results revealed that in most broiler starter feeds
CP content fall within the acceptable level (23%) except feed E showed lower CP percent
(18.3%).The CP of broiler finisher feeds were of 20% feed A to 23.16% feed B. For broiler
starter feed the metabolizable energy ( ME) content ranges from 2914 Kcal/Kg feed E to 3282
Kcal/Kg feed F and the finisher feeds range from 2747 Kcal/Kg feed E to 3349 Kcal/Kg feed A.
Most of feeds had a satisfactory levels of ME except feed E which contained a little bit low
ME .The mean CF content of all feeds varied from 3.5% to 5.5% whereas the maximum
recommended level is <5 %.DM contents were within the acceptable ranges of (NRC,1994 and
SSMO,2015).In both broiler starter and finisher feeds, feed A, D, and F had slightly higher fat
content ( 6.6 - 7.5 %) in contrast feed B, C and E had lower fat content compared to the
required levels. Low levels of ash 2.62 — 7.05% than the required level (8 %) were recorded in
all broiler starter and finisher feeds except broiler starter feed E showed higher level of ash (14.6
%) than the recommendation. Higher Aflatoxin (ppb) were recorded in broiler starter feeds A, C
and D (49.15, 35.63, 35.31 ppb ) and broiler finisher feeds B and C (27.22 and 43.59 ppb)
compared to the permitted level (<20 ppb). For all layer feeds the average CP content range
between 17.86% to 18.6.% except feed D contained higher CP (20.98%) while the
recommendations are around (17 -18%).Meanwhile, ME ranges from 2679.2 Kcal/Kg to
3127.9Kcal/Kg the recommendations being situated around 2749 Kcal/Kg to 2900 Kcal/Kg. Fat
and DM contents fall within the acceptable ranges (2-5% fat) and (90 — 95% DM) .On the other
hand, all feeds are generally high in ash content (10.33 — 20.85%) compared to the
recommended level (8%).All feeds had acceptable ranges of CF (3.5 - 4.5%) and aflatoxin (7.6
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- 18.3 ppb ). For broiler starter feeds Fe, Mg and Na content were too low compared to the
required levels(80 mg/kg, 600mg/kg and 0.2 % respectively),mean while K, Mn and Zn showed
higher values except feed B and C showed lower Zn content (21.3 and 33.63%).Ca content
ranges between 0.83 to 0.88% which is almost within the required levels (0.9 to 1%) except feed
E contained very high level of Ca (3.4%).0n the other hand, higher levels of K, Na, Mn and Zn
were recorded in all broiler finisher feeds except feed B and C recorded lower values of Zn
(0.22 and 0.49 %).Low levels of Fe and Mg were noticed in all feeds except feed F contained the
recommended level of Fe (80.03mg/kg).Ca contents in all feeds are generally satisfactory( 0.83
to 0.91%0) except feed D and E contained very low levels of Ca (0.24 and 0.49%). Generally in
all layer feeds Ca, Fe, Mg, Mn and Na contents were lower than the recommended levels except
feed D and E showed higher levels of Fe (62.4 and 69.1mg/kg).On the contrary K (0.49 — 0.55%)
and Zn (55.26 - 92.45%) contents were higher. Council (NRC) and (SSMO). On the other
hand, minerals content showed significant (P<0.05) differences among dietary treatments and
most of them were not met the values reported by (NRC) and (SSMO). It could be concluded
that the variations observed among different poultry feeds compared to (NRC1994) and
(SSMO 2015) specifications strongly indicates that confirmatory analyses should be conducted
at regular intervals to control feed quality.
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Introduction efficient utilization for the various body
Rapid technological progress in  poultry processes of maintenance and production.
sector has resulted in a remarkable reduction Poultry sector suffered from several problems
in the cost of production and marketing of including the deficiency of nutritional levels
poultry products. Falling retail prices of which lead to decreased production. It is
poultry products relative to the cost of other very important to study the actual nutritional
animal products due to this improved needs of poultry sector in Sudan due to its
technology has resulted in increased reasonable share in the national economic
consumption of poultry products world wide ,but it still need attention to develop the

(Vocke, 1991). Poultry population of the structure and components of poultry feed to
Sudan was estimated to be (47.194.000) head meet the  specification outlined by
of poultry all over the country. In Khartoum (SSMO,2015).Improvement of poultry feed
State the area of the study is said to be quality depends on developing poultry feed
(13.403.096) head of poultry (Ministry of industry in order to increase the efficiency of

Agriculture  ,Animal  Resources  and nutrients utilization of the feed ingredients.
Irrigation, 2015) (M.A.A.R.I).Also the actual The quality of poultry feeds is based on the
poultry meat production was found to be quality of its constituents and the raw

(50.000.000 Kg) and egg production were material used to formulate the ration. Feed
estimated to be (40.000.000) egg tray. Egg must supply all nutrients in adequate quantity
and poultry meat per capita in Sudan were 9.3 and with high digestibility.

kg and 17.8 kg/year respectively Sudan is currently the only Arab country that
(M.A.A.R.I., 2017). The poultry stock is is self-sustainable in its feed production, with
commonly fed on diets with high nutrients the exception of concentrates, premixes,
density to suit its simple and limited digestive some feed additives and toxin binders (Freiji,
system. These nutrients must be supplied in 2008).The nutrient requirements for poultry
optimum proportions that promote their are affected by many factors including :
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breed, age, sex, production stage, temperature
, housing system, health status and purpose of
production. Cereal grains are added primarily
as a source of metabolizable energy while
soybean, sesame and groundnut cakes
represent the protein requirement. Feed
additives used in poultry diets includes:
mycotoxin binders, shell enhancers and some
prebiotics or probiotics in order to improve
health and growth (NRC,1994).Nutritionists
have developed feeding standards for
determining the daily nutritive requirements
of poultry. There is difference, of course,
between broiler diets and the diets of the
laying hens. It is time to change this situation
by making a new system to develop the
concepts of poultry farming and feed
manufacturing and establish technical and
economical solutions by making
manufacturing units produce well balanced
rations to meet the nutrients requirements and
update the standards and measurements of
poultry feeds and their inputs if required
.Therefore, the aim of this study was to
obtain reliable data on chemical composition
and nutritional value of poultry feeds
available in the local markets in order to
advise farmers for feed uses, and help feed
millers to improve the quality of their
products. Also the study aim to assist in
updating of Sudanese specifications and
standards which outlined by Sudanese
Standard and Metrological Organization
(SSMO).

Materials and Methods

Study site.

This study was carried out in Khartoum State,
capital of Sudan. Broiler starter, broiler
finisher and layer feeds samples were
collected from six poultry feed factories
during 2013 to evaluate the quality of
compound feeds in Sudan.

Feed sampling protocol
The following protocol provides details of the
feed sampling, which was developed
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following internationally accredited scientific
guidelines for feed sampling ( FAO, 2011).

Procedure for sample collection

Several increment (hand grab) samples were
taken from the open bag and combined in a
clean container. Once again, the quartering
technique was used to reach the desired size
of the composite sample. Because settling of
feed is common, handfuls were taken from
the lower and upper end of the sack. In some
factories feed is packed in 50kg bags,
therefore a probe was used in order to avoid
damaging the bag.

The compound feeds selected for sampling
include Broiler starter, broiler finisher and
layer feeds. Therefore, in each production
site, one sample of each compounded feed
was collected. Upon collection, the samples
were placed in a polyethylene press-seal
bags, of a size so that they are almost
completely filled by the sample; the air is
then removed by squeezing and sealing
tightly. Samples were accurately labelled
with a unique code using a permanent marker
pen immediately after collection. In a
separate log book, specific details of the
samples were recorded.

Chemical analysis

The feed samples were subjected to
proximate analysis (crude protein [CP], ether
extract (EE) and ash) as per the standard
procedures of AOAC(1990) in triplicate.The
analytical parameters measured were dry
matter (DM%), crude protein (CP%), crude
fat (fat%) crude fiber (CF%) Afatoxin (ppb)
and total mineral content (% and/or mg/kg).
Metabolizable energy (ME) (kcal kg-1) was
calculated according to the method described
by Lodhi et al (1976). Aflatoxin
determination was carried out by (ELIZA)
technique and the total mineral content was
measured by ICP Spectrometer.
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Statistical analysis

Microsoft Excel (2013) was used to produce
simple descriptive statistics with the data
generated from the feeds chemical analysis.
GenStat 17th Edition was used to analyse
data relating to product quality.

Results and Discussion

Chemical composition of broiler starter
feed

As seen in Table (3).CP content in all broiler
starter feeds almost simillar to the
recommended level (23%) stated by
(NRC,1994 and SSMO,2015) except feed E
recorded lower value (18.3%).Slightly higher
ME content than the required levels were
reported in feed A (3280.2Kcal/Kg) and feed
F (3282.7 kcal/kg).On the contrary lower
valve was recorded in feed E (2914
kcal/kg).Feed B ( 3197 kcal/kg),C (3176.1
kcal/kg), and D (3154.2 kcal/kg) satisfy ME
requirement (3100 - 3202.6 kcal/kg) stated
by (NRC, 1994 and SSMO 2015) this result
may indicated that some factories may add
fats in their feeds to stimulates feed and
energy consumption at high ambient
temperature (Fuller and Rendon,1977).Low
levels of CF content were recorded in all
feeds (3.7% feed F to 5.5% D feed)
compared to the maximum recommended
level (5%) mentioned by (NRC, 1994 and
SSMO, 2015). Feed A, D and F reported
higher fat content (7.5% 6.6% and 6.83%)
lower values were recorded in feed B
(4.2%), C (4.8%) and E (2.96%).The DM
content of all feeds were within the
acceptable ranges(93.18- 95.0%) stated by
(NRC,1994 and SSMO, 2015),on the other
hand, ash content ranges between (5.76%
Feed C to 6.0% Feed B except feed E
reported higher percent (14.6%) than the
recommended level (8) stated by (SSMO
2015). High levels of aflatoxin (ppb) than the
permitted level (20<) were noticed in feed A
(49.15) followed by C (35.63ppb) and D
(35.31ppb), on the contrary too low levels of
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aflatoxin 5.7 ppb and 6.89 ppb were reported
in B and F feeds. This variation might be due
to the type and/or storage conditions of cakes
used in these feeds.

As shown in table (4).The Ca% range
between 0.83 feed C to 0.88 % feed A which
is almost within the acceptable ranges stated
by (NRC,1994 and SSMO 2015).On the
contrary feed E recorded higher Ca content
(3.4%) this might be due to laboratory error
.Generally Zn and K content in all feeds
were higher, meanwhile Fe, Mg and Na were
lower, it has been known for some time that
K requirement of growing chickens increased
with increased temperature, therefore, dietary
K levels should be increased for birds reared
in heat stressed environment to maximize
gain in weight of broiler (Huston,1978 and
Teeter, 1987).

Chemical composition of broiler finisher
feeds

As presented in table (5) Almost feed A, C,
and E CP content fall within the acceptable
ranges (18 -20%) recommended by
(NRC,1994 and SSMO, 2015), meanwhile,
feed B(23.16%), D (22.10%), and F (21.89%)
recorded  slightly higher CP than that
outlined by both organizations, these
variations may be due to the sources of
protein used in these feeds (meat or cakes).
ME (kcal’kg) in all feeds were met the
recommendations of (NRC,1994 and
SSMO,2015) except feed E which resulted in
lower ME content (2747 Kcal/kg) this result
based on the assumption that different
factories may used different wvarieties of
sorghum or add fats as a source of energy in
their rations. The proximate analysis of feeds
revealed that CF and Ash content in all feeds
recorded lower values than the recommended
levels stated by (NRC ,1994 and SSMO,
2015). Feed A(6.7 %), D (6.7%), E (5.6%)
and F (6.6%) had slightly higher fat content
than the required range (2-5% ) stated by
(SSMO 2015) ,mean while feed B (3.5%) and
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C (4.6%) had acceptable fat content, . DM%
in all feeds were within the ranges (90-95%)
stated by (NRC,1994 and SSMO,2015).

Feed A ,B ,C and D reported higher aflatoxin
content than the permitted level (20 ppb)
(NRC1994 and SSMO 2015).0On the contrary
feed E and F recorded lower values (19.0
and 10.32 ppb),This result reflect the quality
of raw materials (Cakes and cereals) and their
storage condition.

Higher levels of K (0.49 — 0.6% ), Na (0.14-
0.21% ), Mn (107.5 -141.7 mg/kg) and Zn
(73.86 — 105.5 mg/kg) were recorded in all
broiler finisher feeds except B and C feeds
showed lower values of Zn (0.22 mg/kg and
0.49 mg/kg %) than the recommended levels
stated by (NRC,1994 and SSMO, 2015).0On
the other hand, feed D recorded acceptable
level of Na (0.12%).On the contrary low
levels of Fe (14.12 - 45.33 mg/kg ) and
Mg(136 - 233 mg/kg) were noticed in all
feeds except feed F showed an acceptable
level of Fe (80.03mg/kg).Ca contents almost
satisfy the requirements ( 0.83 to 0.91%)
except D and E feeds contained very low
levels of Ca (0.24% and 0.49%).

Chemical composition of layer feed

The proximate composition of all layer feeds
has been presented in Table (1).The CF%,
Fat%, DM% and aflatoxin (ppb) in all feeds
were within the acceptable ranges stated by
NRC (1994) and SSMO (2015), (2.9- 4.5%,
94.31- 94.79% and 7.6- 183 ppb
respectively) this suggests that all feeds
analyzed are appropriate, low level of
aflatoxin reflected the quality and storage
conditions of raw materials used in
formulating these feeds, or may be due to the
fact that high DM contents control the growth
of mould in feeds, thereby reducing
deterioration of feeds (Kaijage et al.,
2014).Higher CP content thant the required
levels were observed in feed D (20.98%). On
the other hand, all other feeds CP% A (17.9),
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B (18.6), C (18.0) and E (17.86) almost
within the recommended ranges of
(NRC,1994 and SSMO,2015).These
differences may be due to the type of agro-
industrial by-products used in thes feeds.The
metabolizable energy (Kcal/Kg) content
varied between low 2679 Kcal/Kg (feed D)
to very high 3127.9 Kcal /Kg (feed B) than
the  required levels recorded by
(NRC,1994and SSMO,2015) these variations
could be due to the differences in
ingredients used as sources of energy in
these feeds and/or the rate of inclusions of
these ingredients different factories my
formulate their rations according to the
nutrient requirements of each production
stage, hybrid strain or season of production
(Leeson and Summer, 2001).High levels of
ash above the recommendations of NRC
(1994) and SSMO (2015) were recorded in
all layer feeds (10.33 to 20.85%) this result
may indicate a high mineral content but it
was not, so it may be due to the presence of
undesirable materials (RAO and Xiang,
2009).

The results of mineral content of layer feeds
showed that the Ca (3.0 -3.5%), Mg (150 —
210 mg/kg), Mn (11.6 - 13.74 mg/kg) and
Na (0.05 — 0.18 %) content are generally low
in all feeds. On the contrary K ( 0.52 — 0.6 %)
and Zn (5555.26- 92.45%) are high than the
required recommendations of NRC (1994)
and SSMO (2015).On the other hand, Fe
content of feed D (62.4mg/kg) and feed E
(69.1mg/kg) slightly higher than the required
level (60mg/kg) except feed A, B and C
feeds showed low values ( 50.34mg/kg ,
24.5mg/kg and 41.4mg/kg).These variations
in mineral contents of feeds might be
attributed to dietary mineral contents and/or
sources or feed additives used in feeds. On
the other hand, some factories have followed
the practice of adjusting the dietary levels of
minerals in order to maintain a constant
intake of these nutrients as temperature and
thus feed intake levels vary.
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Conclusions and recommendation

-The evaluation of broiler and layer feeds
revealed an acceptable result of proximate
analysis included justified variations.

- Most of the diets nutrients content agreed
with NRC (1994) and to some extend with
SSMO( 2015) except in minerals and
aflatoxin content of broiler feeds.

- It is high time to update specifications of
layer feeds by SSMO according to the
production stage (period) and/or HD% egg
production.

- The variations observed among different
poultry feeds compared to (NRC1994) and
(SSMO  2015) specifications  strongly
indicates that confirmatory analyses should
be conducted.

- NIR technique for quick feed analysis shall
be introduced.
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Table (1) Chemical composition of layer diets

Treatments Means £SE
m A B C D E NRC SSMO
(1994) (2015)

CP% 17.90°+0.08 18.6°+0.06 18.0°£0.08 | 20.98°+0.19 17.86"+0.18 18.8 16-17
*ME(kcal/kg) 2916.4°43.7 | 3127.9%+2.5 | 2912.4°+3.4 | 2679.2°+2.02 | 2954.4°+14.7 2900 2749-2800
CF% 4.5°+0.03 3.8°+0.05 4.4%+0.07 3.7°+£0.03 3.5°+0.2 >5 >5
Fat% 3.2°+0.15 4.5°40.011 3.5°+£0.05 3.4°+0.009 2.940.04 NA (2-5)
DM% 94.9+0.05 94.9+0.05 94.79+0.09 | 94.31+0.02 94.46+0.15 90 (90-95)
Ash% 13.43+0.03 10.33°£0.04 | 14.83°+0.07 | 20.85°+0.015 14.06°+0.18 NA 8
Aflatoxcin (ppb) 12.6°+0.4 18.3%£0.02 7.6°+0.1 11.64°+0.05 8.45°+0.19 <20 <20

*ME was calculated according to the equation of Lodhi et al (1976)
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Table (2) Minerals content of layer diets

Treatments Means £SE
m A B C D E NRC SSMO
(1994) (2015)
Ca% 3.1°+0.06 3.07°4£0.04 | 3.4%0.11 3.0°+0.09 3.5%£0.09 4.06 4.2
Fe(mg/kg) 50.34°+0.08 245402 | 41.4%+0.28 62.4°+0.26 69.1°£0.06 56 60
Mg(mg/kg) 216.7°+12 150°+5.8 246.7°43.3 210°45.8 226.7°+8.8 675 NA
Mn (mg/kg) 12.7%£0.024 | 11.6°+0.029 | 13.3°+0.052 | 11.82°+0.028 | 13.74*+0.027 25 30
Na% 0.12°+0.003 | 0.05%£0.006 | 0.12°+0.003 | 0.11°+0.003 0.19+£0.006 0.19 NA
K% 0.55+0.01 0.53+0.02 | 0.53°+0.009 | 0.52°+0.006 0.49°+0.003 0.19 NA
Zn% 92.45°+0.23 | 55.26°£0.17 | 79.64°+0.22 | 90.56°+0.1 85.41°+0.11 44 35
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Table (3) Chemical composition of broiler starter diets

Treatments Means +SE
Parameters A B C D E F NRC SSMO
(1994) (2015)
CP% 23.92°+0.04 23.0°+0.02 23.05°+0.01 | 23.48°+0.18 18.3°+0.2 23.32°+0.04 23 23
*ME(Ekcal/kg) 3280.2°+2.5 3197°+2.1 3176.1°£2 3154.2%1.1 2914°+8.6 3282.7°+6.5 3100 3202.6
CF% 4.24°+0.06 4.49°+0.01 | 4.32°+0.03 5.5°40.1 4.4°£0.1 3.7°£0.1 >5 5
Fat% 7.5°+0.006 4.2940.14 4.840.04 6.60°+0.03 2.96°+0.006 | 6.83%+£0.006 NA (2-5)
DM% 94.52+0.16 94.98+0.02 93.18+0.05 94.78+0.01 95+0.01 94.1+0.1 90 (90-95)
Ash% 5.99°4£0.01 6.0°+0.03 5.76°£0.03 7.05°+0.10 14.60°+0.14 5.9°40.02 NA 8
Aflatoxin(ppb) 49.15°+0.15 5.7°40.08 35.63°+0.07 | 35.31°+0.12 | 6.899+0.006 14.4°40.15 | <20 <20

*ME was calculated according to the equation of Lodhi et al (1976)
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Table (4). Mineral content of broiler starter diets

Treatments Means +SE

A B C D E F NRC SSMO

Parameters
(1994) (2015)

Ca% 0.88%+0.01 0.84°+0.008 | 0.83+0.006 | 0.84°+0.003 | 3.4°£0.09 | 0.85°£0.006 | 0.9-1 1
Fe (mg/kg) 50.5°+0.15 | 28.23%+0.28 | 51.3°+0.09 | 50.8°+0.15 | 352°+0.15 | 65.27°+0.18 80 80
Mg (mg/kg) 230°+5.77 176.7°+3.33 | 216.7°+3.33 | 220°+5.77 260°+5.77 | 253.3%+3.33 600 NA
Mn(mg/kg) 108.67°+0.88 | 75.83'+0.18 | 150.3°+0.33 | 99.29°:0.07 | 141.1°£0.59 | 167.67°£0.67 60 60
Na% 0.13°+0.003 | 0.09°£0.003 | 0.20*:0.003 | 0.13°+0.003 | 0.12°+0.06 | 0.14"£0.003 0.2 NA
K% 0.56°+0.003 | 0.57°£0.003 | 0.60°£0.006 | 0.60°£0.007 | 0.53°£0.003 | 0.60°+0.12 0.3 NA
Zn% 70.9°+0.06 21.8£0.03 | 33.63°:0.09 | 73.90.03 | 85.42°+0.02 | 91.45°+0.06 40 40
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Table ( 5). Chemical composition of broiler finisher diets

Treatments Means +SE
NRC SSMO
A B C D E F
Parameters (1994) (2015)
Crude protein(CP%) 20.0°40.11 | 23.16*0.04 | 20.30°+0.10 | 22.10°+0.03 | 20.20+0.10 | 21.89°+0.02 18 20
*ME(Ekcal/kg) 3349.21°+3.5 | 3189.3%+5.4 | 3206°+7.3 | 3274.9°t3.9 | 2747.2'+4.1 3310.5"+2 3200 3926
Crude fiber (CF%) 3.6°43.5 3.4°+0.13 4.2°+0.13 4.0°+0.10 4.0°+0.10 3.4°+0.04 >5 5
Fat % 6.7°£0.01 3.5°£0.02 4.7°+0.03 6.7°£0.07 4.6°+0.11 6.6 *+0.02 NA (2-5)
Dry matter(DM%) 94.48°£0.03 | 94.05°+£0.02 | 93.46°+0.03 | 94.04°+£0.06 | 94.23%£0.08 | 94.31°+0.05 90 90-95
Ash% 5.1°+0.03 5.96°+0.003 | 5.85%+0.01 5.79°+0.01 | 2.62°40.17 | 5.8%+0.003 NA 8
Aflatoxin (ppb) 24.71940.03 | 27.22°+0.01 | 43.59°£0.04 | 26.42°40.05 | 19.0°+0.01 | 10.32™+0.01 <20 <20

*ME was calculated according to the eguation of Lodhi et al (1976)
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Table (6).Mineral content of broiler finisher diets

Treatments Means £SE

A B C D E F NRC SSMO
Parameters (1994) (2015)
Ca% 0.9%£0.004 0.91°+0.006 0.83°+£0.003 0.24£0.004 0.49°+0.007 | 0.90 *+0.003 0.8 1
Fe( mg/kg) 23.6 °+0.02 45.33 °+0.01 42.59°+0.05 14.12"40.04 40.5%+0.03 80.03°+0.03 60 80
Mg (mg/kg) 143.3°+3.3 206.7°+3.3 216°+3.3 136'+3.3 150°+5.77 233%43.3 600 A
Mn (mg/kg) 107.5°+0.5 110.5+0.6 141.7 *£0.52 141.3%+0.58 116.3°+0.58 135 °+1.0 60 60
Na% 0.16°+£0.006 0.14°+£0.006 0.21°+0.006 0.124£0.006 0.15°+0.01 0.16"+£0.01 0.12 NA
K% 0.57°+0.003 0.60 *+0.006 | 0.52°+0.003 0.60°+0.006 0.49%+0.006 0.54°+0.006 0.3 NA
Zn (mg/kg) 62.6°+0.06 24.87b+0.3 35.3°+0.1 101.2°+0.2 73.86°+0.1 105.5°+0.2 40 40
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