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Abstract. Eggs used in this study were obtained from 465 Saudi Arabian Baladi I {ens. The birds were ~uh­
jected to four different protein rearing regimens: conventional (C). reverse protein (RP) 12()" CP from I 
to 6 wks. followed by 15% CP up to 14 wk:;, and 18~/" CP diet from t4-20 wh of age. single stage low pro­
tein (S5)) 15% CP and (SSJ 12% CP diets from 1-20 \vks or age. All the experimental groups received a 
conventional 18% CP diet during the first week of age and were offered a commercial layer ration during 
the laying period. 

A total of 120 eggs, whenever possible, of each experimental group was collected owr the three con­
secutive days of each month for a production period of twelw months. The egg:;, were ex,lmined tor 
weight, Haugh units. shell thickness, shape index, incidence of blood and meat spots and yolk pigmenta­
tion. 

The resuits indicated a ~ignificant protein rearing regimen (P:<s .(1) effect upon egg weight. Haugh 
units and shell thickness. Egg \veight was adversely affected by RP. 5S

1 

and S5::, while Haugh units were 
similarly influenced by SS) and S5". RP and SS2 also appeared to have a detrimental effect on ~hcll thick­
ness. Shape index, incidencc of blood and meat spots and yolk pigmentation were not sigtllficantly 
affected by the protein rearing regimens. Overall hen day egg production. feed intake/hird and ked con­
:>ulTled/dozen eggs also did not differ significantly among any treatment However. the C !-,-rotlp had sig­
nificantly (P:<s .(5) lower livahility than the SS) group. 

Age had a :;,ignificant (P:<s .Ol) effect upon all studied egg quality traits Egg weight inn':;l~ed while 
Haugh units and shell thickness decrea~ed \ .... ith increasing age. Shape index decrea~cd during the fir~t IUlll 

months of lay then started to increase in the fifth month of the laying period. Blond spots increased with 
age, whilc mcat spots and yolk pigmentation varied greatly fwm one age period to another. 

Introduction 

Reports on the effect of protein rearing regimen~ on suhsequent egg quality charac­
teristics have heen inconsistent. Reverse protein reduced egg weight [1-31, Haugh 
units [3] and shell quality [I]. Contrary to this. Leeson and Summers [4]. Bish eta/. 
[5] and Robin'.ion et al. [6J reported no detrimental effect attributed to reverse pro­
tein diets on egg quality characteristics. Single stage 10\\/ protl:in diets also Sl:l:m to 

201 



2U2 A,A. Ahobayel et al. 

have no adverse effect upon egg quality characteristics as reported by Leeson and 
Summers [4] and Maurice et al. [2] who lIsed 14 and I3.Y1o CP for the entire rcaring 
period respectively. Similar results were reported for egg weight when 12% CP diet 
was fed for the whole rearing period [7]. Moreover, Maurice ef al. [2] reported egg 
weight increase due to low protein rearing diets. 

Informations on the effect of protein rearing regimens on incidence of meat and 
blood spots, shape index and yolk pigmentation arc lacking. 

Age of the hen seems to play an important role in determining egg weight, 
Haugh units and shell quality. Egg weight increases [8-9. 10, pp. 92-108, 11-14] while 
Haugh units decrease (14-17] with increasing age. Shell thickness also tended to 
decrease with age [8, 13, 18. 19]. Egg shape index has been shown to vary according 
to strain of bird, size of egg. position of the egg in the clutch [8, 20, 21] and the time 
of oviposition [22]. Benjamin [20] reported that shape index increased until the fifth 
or sixth month of production then decreased gradually. Marble [21] found no signif· 
icant seasonal variation in shape indices of eggs laid by Plymouth Rocks. Mueller et 
al. [23] reported that eggs laid during the second year of production had significantly 
lower shape indices than eggs laid during the first year of production, but there was 
no significant seasonal effect on egg shape. Blood and meat spots incidence appear 
to be influenced by age of the hen. Nalbandov and Card [24] found the highest per· 
centage of defects during the first laying year and the lowest during the third laying 
year and a great individual variation in this respect. Jeffrey [25J reported that blood 
and red meat spots were most numerous at the start of the laying year, whereas pale 
meat spots increased in frequency during the laying year. Intensity of yolk pigmenta­
tion has been atributed to wide variation of xanthophylJs content in feed source, their 
availability, oxidation upon storage and other dietary and health factors 126]. The 
genetic ability to absorb and deposit xanthophyll in the egg yolk has been also found 
to vary among individual hens within a single strain [27], between breeds t28J and 
strains [26]. Janky [29] observed that pigmentation became paler and Ie" intense 
from January to October then increased from October to December. 

The objectives of this study were to assess in Saudi Arabian Baladi Hens: 1) the 
effect of protein rearing regimens and age on egg quality characteristics and 2) the 
effect of protein rearing regimens on overall egg laying performance. 

Materials and Methods 

Eggs used in this stud)! were ohtained form 465 Saudi Arabian Baladi hens which 
have heen suh.jected to four different protein rearing regimens: Conventional (C) 
[30] reverse protein (RP), 12'/;) CP from 1-8 wks followed bj' 15% CP lip to 1--1- \vks 
and 18% CP from 1.t-20 wks of age: single stage low rrotcill 15°/n CP (SS j) and single 
stage low protein 12(10 CP (SS:) from i-20 wks of age. All the birds received the COIl-
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ventional lWYo CP during the first week of age and were offered a commercial layer 
ration containing 17% CP and 2695 M.E. kcal/kg during the laying period. The birds 
were divided into four experimental groups, four replicates in each and were grown 
under normal management practices. However, details regarding rations ingredients 
and nutrients composition, photo periods and housing of birds are outlined elsewhere 
[31 J. Egg production, mortality and feed intake per pen were recorded. Overall hen 
day egg production, livability, feed intake and feed consumed per dozen eggs, wcre 
calculated. 

Egg quality studies started April 1988, when the birds were 5 months old. Thirty 
eggs from each pen, whenever possible, were collected over three consecutive days 
at the second week of each month for a production period of twelve months. The eggs 
collected were left overnight in the laying house. On the second day, eggs were indi­
vidually weighed to the nearest.Olg, broken-out and the presence of blood and meat 
spots visually determined. Haugh unit values [32J were directly estimated using 
micrometer adjustable to egg weight and directly gives Haugh unit value [33J. Yolk 
color was measured by Rock Color Scale which has 15 color gradations from very 
pale to deep yellow [34J. Shell thickness, expressed in millimeter x 100 was obtained 
at three locations: middle and both sides of each egg without membranes using dial 
touch micrometer. The shape index (width/length x lOa) for each egg was also calcu­
lated. 

Data collected were subjected to statistical analysis using SAS general linear 
model procedure, KSU Computer Center, according to the following statistical 
model, 

where the Yijk is the klh ohservation of the ith treatment and jth age period. U is the 
general mean and e ijk is the random error associated with Y ijk ohservation [35]. 

Results and Discussion 

As it is indicated in Table I protein rearing regimens had a significant (P's.O!) 

effect upon egg weight, Haugh units and shell thickness. Eggs produced by the c: 
group had significantly (P~ .(1) the highest weight followed by those of RP and SS I' 
while SS~ group had the lowest weight. Similar results have heen reported by Leeson 
and Summers [11. Maurice ct a/. l2] and Doran c( al. [3] for reverse protein fcd birds. 
On the contrary, Leeson and Summers [4J, Bish 1'1 II/. [5] and Rohinson ('I al. [n] 
reported no detrimental reverse protein effect 011 egg weight. Similar findings were 
reported for single stage low protein diets [2, 4, 7J. With respect to Haugh unit 
values, results showed that the C and RP groups had significantly (P::S;.O]) higher 
Haugh unit values than SS] while SS2 had lower Haugh unit values than C group 
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(Table 1). These results disagree with that of Doran ef al. [3] who reported lower 
Haugh unit values for reverse protein fed birds. On the other hand Leeson and Sum­
mers [4], Bish ef al. [5] and Robinson ef al. [6] did not detect any significant differ­
ences in Haugh units attributed to protein rearing regimens. 

Table 1. Effect of protein rearing regimens and age on weight (W), Haugh units (HU), sheD thickness (SH) 
and shape index (SI) of eggs laid by Saudi Arabian Baladi hens. 

W HU SH SI 
Parameter n (g) values (mm x 100) (W!L x 100) 

X ± S.E. X ± S.E. X ± S.E. X ± S.E. 

Treatment (T) .. .. n.s. 

C 1366 46.05 ± .IO
A 

73.02 ± .23 
A 

34.03 ± .08 
A 

74.04 ± .11 

RP 1313 45.26 ± .11 
B 

72.67 ± .24 
AC 

33.50 ± .09 
B 

74.02 ± .12 
B B 

.09
A 

73.98 ± .11 SS, 1355 45.12 ± .10 71.69 ± .23 33.99 ± 
C BC B 

SS, 1371 44.31 ± .10 72.18 ± .28 33.52 ± .08 73.88 ± .11 

Age (A) •• .. .. 
TxA .. .. .. n.s. 

Overall mean 45.03 ± .05 72.38 ± .12 33.38 ± .04 73.98 ± .06 

.. Significantly different (P~O.Ol) 
n.s. Nonsignificant. 
Means in the same column with different superscripts differ significantly (P:::;:O.Ol) 

Eggs produced by RP and SS, groups had significantly (P~.OI) the lowest shell 
thickness, while those of SS] had similar shell thickness as the C group (Table 1). 
Similar finding was reported by Leeson and Summers [1] for reverse protein fed 
birds. Different results, however, were found by Leedon and Summers [4], Maurice 
ef al. [2] and Robinson ef al. [6]. The overall egg weight, Haugh units and shell thic­
kiness averages were far less than those reported for standard breeds [9, 34] but 
slightly higher than those reported by Alsobayel [36] for Saudi Arabian Baladi chick­
ens housed conventionally or in an environmentally controlled house. Blood and 
meat spots incidence, egg shape index and yolk pigmentation were not significantly 
influenced by the rearing regimens (Tables 1 and 2). However the reported averages 
were comparable to those of standard Leghorns [34]. 

Statistical analysis showed a significant (P~.OI) age effect upon all studied egg 
quality traits (Tables 1 and 2). Egg weight increases (Fig. 1) while Haugh units 
decreases (Fig. 2) with increasing age. Similar findings were reported by many inves­
tigators on egg weight [8-14] and on Haugh units [14-17]. Fig. 2 shows a sharp Haugh 
units decrease during the month of August, when the birds were 10 months old. This 
might be due to other factors such as high house temperature which reached 32°C 
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Table 2. Effect of protein rearing regimens and age on incidence of blood and meat spots (BS and MS) and 
yolk color (YC) of eggs laid by Saudi Arabian Baladi hens 

Parameter BS MS YC 
(%) (%) values 

n X ± S.E. X ± S.E. X ± S.E. 

Treatment (T) n.s. n.s. n.s. 

e 1366 5.90 ± .62 7.72 ± .74 6.54 ± .02 

RP 1313 5.99 ± .64 7.82 ± .77 6.55 ± .02 

SS) 1355 5.56 ± .62 8.64 ± .74 6.57 ± .02 

Ss, 1371 5.65 ± .62 8.07 ± .74 6.56 ± .02 

Age (AI " .. ,. 

TxA n.S. •• 

Overall mean 5.61 ± .31 8.10 ± .37 6.54 ± .01 

n.s. Nonsignificant. 
Significantly different (P::::;O.05). .. Significantly different (P~O'(l1) . 
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Fig. 1. Average monthly egg weight during 12 months egg production period. 
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Fig. 2. Average monthly Haugh unit values through 17 months of age 

during this period. As it is shown in Fig. 3, shell thickness increased at early age 
periods and decreased thereafter. However, the sharp decrease during the II1h 
month of age might be caused by other factors such as seasonal effect which could 
partially mask the effect of age [18]. In general, shell thickness seems to decrease 
with age. Similar results were reported by several investigators [8,13,18,19]. Shape 
index (Fig. 4) decreased during the first four months of the laying period then started 
to increase, but never reached its starting value. These results disagree with those of 
Benjamin [20]. Other factors appearto influence egg shape such as strain, size of the 
egg, position of the egg in the clutch and time of the oviposition [8, 20-22]. Blood 
spots incidence increased with age while meat spots incidence varied greatly from 
one age period to another (Fig. 5). Our results disagree with those of Jeffrey [25] in 
respect to blood spots incidence. The great variability in meat spots incidence might 
be due to some other factors such as breed, season and other environmental factors. 
Yolk pigmentaiton (Fig. 6) increased sharply at 10 months of age then dropped to it 
slowest value at 12 months of age and started thereafter to increase. However many 
factors were found to influence yolk pigmentation [26-29]. 

Overall egg production, livability, feed intake and feed consumed per dozen 
eggs were not adversely influenced by reverse (RP) and signle stage low protein diets 
(Table 3). Similar results were reported by many investigators [1-7]. Less feed intake 
[1], lower mortality [2] and higherfeed consumed Idozen eggs [5] have been reported 
for reverse protein fed birds. In our study, RP group tended to have higher feed 
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Fig. 3. Average monthly shell thickness through 17 months of age. 
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Table 3. Effect of protein rearing regimens on overall hen-day egg production (lID), daily feed intakelbird 
(Ii'B), livability (L) and feed consumed/ dozen egs (FC) of Saudi Arabian Baladi hens 

Parameter 

Treatment (T) 

C 

RP 

SS, 

SS2 

n.s. Nonsignificant. 

HD 
(%) 

X ± S.E. 

n.s. 

48.02 ± 2.07 

47.02 ± 2.07 

48.15 ± 2.07 

48.62 ± 2.07 

Significantly different (P:::;:O.05). 

FB L 
(g) (%) 

x ± S.E. x ± S.E. 

n.s. 
a 

86.45 ± 3.56 91.00 ± .04 

88.38 ± 3.56 93.00 ± .0 4
ab 

82.68 ± 3.56 98.00 ± .04
be 

85.45 ± 3.56 97.00 ± .04 
ac 

Mcans in the same column with different superscripts letter differ significantly (P:::;:O.05). 

Fe 
~g/dozen) 
x ± S.E. 

n.s. 

2.16 ± .06 

2.33 ± .06 

2.07 ± .06 

2.12 ± .06 

intake, lower egg production and to consume more feed/dozen eggs The C group had 
significantly (P";0.05) lower livability compared with SS1 (Table 3). However, the 
reason is unknown. 
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