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Abstract: Forty entire lambs of Sudan desert sheep were used to evaluate diet-protein source in lamb

fattening. The experiment extended for seven weeks. Experimental units were provided with iso-caloric

and iso-nitrogenous diets containing groundnut cake (A), sesame cake (B), cottonseed cake (C) or

sunflower seed cake (D) as source of protein. No significant differences were observed in the performance

and carcass characteristics of the lambs. However, lambs fed on diets containing groundnut cake and

sesame cake showed superior live weight gain and feed conversion efficiency (FCE). 
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INTRODUCTION

Proteins play an extended role in the animal body.

They are major parts of all structural tissues, beside

their essentiality for most body functions. Antibodies,

most hormones, enzymes and genes are all partially or

completely units of protein. The non-nitrogenous part

of protein could be metabolized to generate energy in

certain situations.

Protein concentrates originated from plants are

commonly by-products of vegetable oils production.

Groundnut, sesame, cottonseed and sunflower seeds are

the oil seeds whose by-products are most frequently

available in the Sudan and other parts of the tropics

and sub-tropics. The residue after extraction of the oils

is still a valuable source of nutrients for livestock,

especially protein and energy. 

This study is carried out to evaluate use of some

oil production by-products as source of protein in lamb

fattening diets.

MATERIALS AND METHODS

Experimental Units: Forty intact ram lambs of Sudan

desert breed were used. They were purchased from the

main local livestock market of the country, then

trucked to the Meat Production Department, Faculty of

Animal Production, University of Khartoum (Sudan).

There were rested, then eared-tagged and left for an

adaptation period of two weeks. Their average age was

9 months. During the adaptation period, the animals

were housed in one pen and given a mixture containing

equal amounts of the proposed experimental diets ad

libitum  in addition to green fodder (Medicago sativa)

at a rate of 1 kg/head /week to ensure similar

population of rumen microflora. The experimental diets

and their chemical composition are given in tables 1

and 2, respectively. The animals were also treated

against ecto and endo parasites. At the end of the

adaptation period, the lambs were individually weighed,

then divided according to live weight into four equal

groups of an average 21.4 kg each. Each group was

then penned separately. The pens were provided with

feed and water troughs, in addition to salt-lick blocks.

The experimental diets were then distributed at random

among the animal groups and feed was offered as one

meal in the early morning.

Live weight was taken weekly following an

overnight fast except for water. Feed intake was

determined daily as the difference between the amounts

of feed offered and refusals. At the end of the feeding

period, which lasted for forty-nine days, lambs were

slaughtered according to local Muslim practice where

jugular veins, carotid arteries and esophagus were

severed by a sharp knife without stunning. 

Meat chemical analysis was done according to

A.O.A.C .  Meat  quality  attributes   including[2]

water-holding    capacity,     color   determination, 

cooking  loss  percentage,  shear  force  and

connective  tissue  strength  were   determined   as

in   Babiker  and  Lawrie .  Statistical  analyses[3]

were applied according to Snedecor and Cochran .[14]

Least significant difference (LSD) was used to

differentiate between means.
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RESULTS AND DISCUSSIONS

Table 3 gives feedlot performance of desert lambs

fed diets containing different sources of protein. Final

body weight and daily live weight gain were not

significantly different between the different dietary

groups. Efficiency of gain though not significantly

different among the different dietary groups; lambs fed

the diet containing groundnut cake was the most

superiorly efficient, while lambs fed on sesame seed

cake were the least efficient. Dry matter intake was

slightly lower in the lamb group fed the diet containing

sesame cake than in the other lamb groups. Gut fill

was only significantly (P<0.01) higher in the lamb

group fed the diet containing cotton seed cake than in

the other lamb groups fed the diets containing other

protein sources. 

Slaughter weight and carcass characteristics are

shown in table 4. Slaughter weight and carcass weight

were greater but not significantly so in lamb group fed

groundnut cake in their diets than those in other

treatment groups. Lambs fed sunflower seed cake in

their diet had the least slaughter and carcass weights.

Dressing percentage was also not significantly different

between the treated groups. Empty body mass was only

significantly (p<0.05) greater in animals on sesame and

groundnut  cakes  diets  than  those  on  sunflower

seed  cake  diet.  Chiller  Shrinkage  values  were

also  significantly  (p<0.01)  greater   in   lambs  fed

sunflower  seed  cake  diet  than  those  fed

groundnut  cake,  sesame  seed  cake  and  cottonseed

cake  diets.  It  was  also  significantly (p<0.01)

greater between lambs fed cottonseed cake diet and

those fed groundnut cake diet.

No significant difference was found in carcass

composition, and carcass fat was minimum in the lamb

group fed on sunflower seed cake and was maximum

in the group fed on cottonseed cake diet. 

Body components as a percentage of empty body

mass are given in table 5. Skin, liver, lungs and

trachea and mesenteric fat were significantly (P<0.05)

different between the different dietary treatments. The

dietary treatments that contained groundnut cake

resulted in non-significantly lower heads and kidney

knob and channel fat (KKCF), heavier hearts, and

significantly (P<0.05) lungs as well as trachea in

addition to non-significantly heavier four feet and

genital organs. The diet that contained sesame cake

produced lambs with heavier KKCF and significantly

(P<0.05) heavier skins.

Use of cottonseed cake as the sole source of

protein in the diet resulted in heavier heads and

omentum fat and significantly (P<0.05) lighter livers.

Table 1: Ingredients of Experimental Diets (% as fed basis)

Experimental groups
Ingredients ------------------------------------------------------------

A B C D

Sorghum grain 38 34 21 11
Protein source 10 10 23 30
Wheat bran 24 30 34 35
Groundnut hulls 26 24 20 22
Limestone powder 1 1 1 1
Common salt 1 1 1 1

In this and in subsequent tables:
A = Groundnut cake-fed group
B = Sesame cake-fed group
C = Cottonseed cake-fed group
D = Sunflower seed cake-fed group 

Table 2: Chemical composition of the experimental diets (%DM)

Experimental groups
Item ---------------------------------------------------------------

A B C D

Dry matter 93.56 93.71 93.63 93.90
Crude protein 14.35 14.88 14.18 14.70
Crude fiber 14.40 17.75 17.69 17.17
Ether extract 2.61 3.10 8.42 4.30
Ash 9.16 9.95 7.72 10.14
NFE 50.04 48.63 45.62 47.59
*ME 1.02 1.04 1.16 1.06

*Metabolizable energy (ME) was determined according to MAFF (9 )

The diet that containing sunflower seed cake produced

heavier empty rumens, empty intestines, kidneys and 

spleens and significantly (P<0.05) heavier livers and

mesenteric fat. 

Chemical composition of the meat obtained from

animals fed diets containing different sources of protein

is shown in table 6. Treatment groups were

significantly (P<0.01) different in protein, moisture and

ash contents, while fat content was highly significantly

(P<0.001) different between the treatment groups.

Animals in group C had the least carcass moisture

(74.38%) and the highest carcass fat content (1.79%).

Animals in group A had the highest protein content

(22.58%). Ash percentage was found to be the least

(1.03%) in animals of group C compared to animals in

the other groups.

Data for meat quality attributes are shown in table

7. No significant differences in cooking loss

percentage, shear force, connective tissue strength and

color values were found between treated groups. The

highest value (41.61%) for cooking loss was obtained

by group D. Meat from this group was lean as it

contained less fat.

Eye-muscle area and water-holding capacity were

significantly different between treatments. Group A

attained the highest eye-muscle area and the least

water-holding capacity. On the other hand, group D

attained the least eye-muscle area and the highest

water-holding capacity value.
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Table 3: Feedlot performance of desert lambs fed different sources of protein.
Experimental groups

Item ---------------------------------------------------------------------------- S.E
A B C D

No. of Animal 10 10 10 10 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Initial body wt. (kg) 21.50 21.70 21.35 21.25 0.76 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Final body wt. (kg) 31.69 29.98 30.40 30.20 1.34 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Feedlot period (day) 49 49 49 49 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total live weight gain (kg) 10.19 8.28 9.05 8.95 3.58 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Daily live weight gain (g/head/day) 208 169 185 183 17.50 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Daily dry matter intake (kg/head/day) 1.17 1.11 1.17 1.18 - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Feed conversion efficiency (kg gain/ kg DM) 0.18 0.15 0.16 0.16 0.65 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Feed conversion ratio (kg DM / kg gain) 5.63 6.57 6.32 6.45 0.75 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gut fill percentage 14.74 14.30 19.82 17.93 1.09 **a a b ab

In this and in subsequent tables: 
N.S = not significant
* = p< 0.05
** = p<0.01
***= p<0.001
a, b, c = means on the same line with different superscripts differ significantly.

Table 4: Slaughter weight and carcass characteristics of desert lambs fed different sources of protein.
Experimental groups

Item ------------------------------------------------------------------------------ S.E
A B C D

Slaughter wt. (kg) 31.85 30.21 30.45 30.20 0.94 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Empty body mass (kg) 27.78 28.17 25.44 24.97 0.88 *a a a b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hot carcass wt. (kg) 16.09 15.55 15.35 14.35 0.64 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cold carcass wt. (kg) 15.12 14.81 14.47 13.27 0.58 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total carcass muscle (as % of cold side wt.) 56.88 56.88 55.04 56.07 0.99 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total carcass fat (as % of cold side wt.) 13.56 13.40 14.25 12.80 1.07 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total carcass bone (as % of cold side wt.) 19.07 20.35 20.09 18.72 0.67 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total carcass trim (as % of cold side wt.) 5.03 4.84 4.91 4.91 0.40 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dressing percentage on EBM base (hot) 57.92 55.20 60.33 57.47 1.72 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dressing percentage on EBM base (cold) 54.43 52.57 56.88 53.14 1.39 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dressing percentage on slaughter wt base (hot) 50.52 51.49 50.41 47.28 1.48 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dressing percentage on slaughter wt base (cold) 47.47 49.04 47.52 43.72 1.25 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chiller shrinkage % 4.27 4.70 5.65 7.25 0.49 **a ab b c

Discussion: No  significant   differences   were  found

between  the  mean  values  of  feed  intake,  daily

live  weight  gain  and  feed  conversion  efficiency

of  the  different  dietary  groups.  These  findings

agreed  with  that  of Lutfi  who reported no[8]

statistical  significant difference between groundnut

cake  and  cottonseed  cake supplemented sheep in

their  daily  live  weight gain. The best feed

conversion  efficiency and feed conversion ratio

obtained in the lamb group that was fed the diet

containing  groundnut  cake  could  be due to their

best live weight gain.
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Table 5: Non-carcass components of ram lambs fed different sources of    protein (as a percentage of empty body mass)

Experimental Groups
component ---------------------------------------------------------------------------------------------- S.E

A B C D

Head 7.12 7.20 7.23 7.18 0.20 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Skin 9.47 10.20 9.98 7.16 0.77 *a a a b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rumen (empty) 3.47 3.39 3.75 3.92 0.21 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Intestine (empty) 3.99 3.93 4.47 4.71 0.30 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Liver 2.16 2.21 2.14 2.60 0.12 *a a a b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heart 0.54 0.47 0.52 0.47 0.03 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lungs and trachea 2.46 2.09 2.28 2.40 0.08 *a b ab a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kidneys 0.37 0.38 0.43 0.47 0.03 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Four feet 2.83 2.69 2.61 2.66 0.16 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Genital organs 1.52 1.11 0.98 0.90 0.22 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mesenteric fat 1.02 1.27 1.24 1.38 0.08 *a a ab b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Omentum fat 1.30 1.36 1.49 1.42 0.18 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 KKCF* 1.10 1.70 1.16 1.14 0.10 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Spleen 0.55 0.39 0.53 0.69 0.10 N.S

*KKCF = Kidney knob and channel fat

Table 6: Meat chemical composition of desert lambs fed different sources of protein (as percentage of fresh muscle weight)

Item Experimental groups
----------------------------------------------------------------------------------------------------- S.E
A B C D

Moisture % 74.84 75.86 74.38 75.88 0.26 **a a b a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protein % 22.58 22.05 21.53 21.35 0.20 **a a b b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fat % 1.51 1.57 1.79 1.46 0.04 ***a a b ac

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ash % 1.11 1.09 1.03 1.12 0.02 **a a b a

Table 7: Meat quality attributes of desert lambs fed different sources of protein

Experimental groups
Item ---------------------------------------------------------------------------------- S.E

A B C D

Cooking loss % 38.34 39.77 37.27 41.61 1.1 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shear force (kg/cm ) 3.1 3.15 3.15 3.3 0.08 N.S2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Connective tissue strength (kg/cm ) 2.2 2.0 2.13 2.26 0.07 N.S2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eye-muscle area (cm ) 11.0 10.93 10.9 9.3 0.29 **2 a a a b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Water-holding capacity ratio 1.62 1.85 2.07 2.36 0.09 ***a ab b c

Color:

L 33.32 36.25 34.94 37.02 1.49 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a 13.03 12.37 12.64 13.65 0.47 N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b 5.71 5.16 5.77 6.74 0.53 N.S
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The study revealed that lambs on groundnut cake

produced the heaviest slaughter weights than those on

sesame, cotton seed and sunflower seed cakes. This

might be attributed to their greater rate of gain

compared to the other lambs on the other treatment

groups.

The significant changes in empty body mass could

be explained by the corresponding significant changes

in gut fill. Gut fill is known to increase with feeding

high roughage diets and here dietary fiber level for the

diets that contained groundnut cake could be

implicated. This result was in line with that reported by

Hassan , Osman  and Ahmed .[7] [12] [1]

Carcass weight was the heaviest in the lamb group

fed on the diet containing groundnut cake as these

animals had the highest slaughter weight and the least

head, mesenteric and omentum fat as well as KKCF

weights beside a lower gut fill. 

Protein  source  had  no  significant  effect  on

the   proportion  of  muscle, bone, fat and trim tissues.

This result  was in line with that of Mansour ,  El-[10]

Wassabi  and Beshir  who used blood  meal,[5] [4]

safflower  seed  meal  and Roselle seeds,  respectively,

as  protein  sources  for  fattening desert sheep. Those

authors concluded that source of protein had no

significant effect on the proportion of body tissues.

The finding that the highest dressing percentage

(on empty body mass base) of the animals fed on

cottonseed cake coincided by their heaviest carcass fat

weight and  lower empty body mass and this agreed

with the fact indicated by Preston and Willis  that[13]

dressing percentage increases with fatness. 

Chiller shrinkage was affected by the diet

provided. This could be attributed to the variations in

carcass  fat  content where lambs fed on sunflower

seed  cake  had  the  lowest  carcass  fat content,

while those fed on groundnut cake had the highest

carcass fat content. Mohamed  found an increase in[11]

chiller shrinkage in beef carcasses because of a

decrease in their fat content, which uphold the results,

obtained in this study.

Protein, fat, moisture and ash contents of the

carcasses were highly influenced by the diets provided

(table 6). Carcass fat and moisture contents were

inversely related especially on animals fed on

cottonseed cake and sunflower seed cake, which agreed

with the common concept, Hammond .[6]

Conclusion: It is concluded that, groundnut cake and

sesame cake were superior to cottonseed cake and

sunflower seed cake in carcass characteristics and

muscle  composition.  Thus  the  diet  that contained

groundnut cake resulted in the best feedlot performance

and the least cost. 
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