
Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 18, Issue 2, 2018 

PRINT ISSN  2284-7995, E-ISSN 2285-3952  

 273 

INFLUENCE OF DAILY SUPPLEMENTATION OF CARIB PODS 

(Ceratonia Siliqua L.) AS POLYPHENOL RICH PLANTS ON RUMEN 

FERMENTATION AND LAMBS GROWTH PERFORMANCE 

 
Mohamed Samir KHALEL1, Mohamed Helmy YACOUNT1,  

Ayman Abdel-Mohsen HASSAN1, Amr Mohamed SHWERAB1,  

Dorina MOCUTA2, Adrian TUREK-RAHOVEANU2 

 
1Animal Production Research Institute, Agriculture Research Center, Department of by-products 

Utilization, Dokki, Giza, Egypt, Emails: drmohamedes@yahoo.com; 

helmy_yacout555@hotmail.com; aymanan19@hotmail.com; amr.shwerab@yahoo.com  
2University of Agricultural Sciences and Veterinary Medicine, Faculty of Management and 

Economic Engineering, Bucharest, 59 Marasti Boulevard, District 1, 011464, Romania, 

Email:dorinamocuta@yahoo.com 

 

Corresponding author: aymanan19@hotmail.com 
 

Abstract 

 

This study was conducted to evaluate the influence of daily supplementation of carob Pods (Ceratonia Siliqua L.) at 

the rate of 0, 25, 50 and 100 gm on digestibility coefficients, rumen fermentation, degradation kinetics, microbial 

protein synthesis, some blood parameters, antioxidant activity and lambs growth performances. Three rams were 

consigned for the digestibility trials, while other three females with rumen fistula were used for the in situ trials. 

Fourty lambs (6-8 months) were used for feeding trials (90 days). Data showed that daily supplement with 50gm 

carob pods had higher digestion coefficients, lower rumen NH3-N, but higher TVFA's concentration, and microbial-

N synthesis compared with other supplementation rats. In addition to more effective degradability of DM and CP, 

feed and economic efficiencies and daily weight gain. Supplementation with 100 g carob pods was the worst one. 

Insignificant differences were found for almost blood constitutes among the experimental diets, they were in the 

normal ranges. So, it could be concluded to daily supplement sheep with 50gm of carob pods in order to achieve 

good productive performance of lambs. However, it still needs to carry long term trials on the field of meat or milk 

production.   

 

Key  words: carob pods, digestibility, rumen fermentation, degradation kinetics growing lambs,  

                       blood constitutes      

 

INTRODUCTION  
 

Carob tree (Ceratonia siliqua L.) is native to 

the Mediterranean area, the main producers of 

carob fruits are Spain, Italy, Portugal, 

Morocco and Greece [23]. Traditionally, 

carobs were cultivated for human and animal 

nutrition, while nowadays carob seeds and 

pods have a wide application as natural food 

additives and stabilizer agents in the food 

industry, e.g. cocoa substitute, gums, sugars, 

beverages or pharmaceutical and cosmetic 

industries [55]. However, the presence of 

tannins in carob pods with their properties 

such as antidiarrheal, antibacterial, 

antioxidant and free-radical scavenging and 

antiproliferative activity in liver cells may 

have some beneficial effects on human and 

animal health [12] [16]. Carob pods have been 

a wide used in animal nutrition, for sheep 

[33], lambs [47], rabbits [26], and poultry 

[44].  

Tannins, can be divided according to their 

chemical structure into four major groups: 

condensed tannins, hydrolysable tannins, 

phlorotannins and complex tannins [50]. They 

had the ability to form insoluble complexes 

with proteins or digestive enzymes which 

reduce digestibility of dietary proteins [31]. 

On the other hand, dietary tannins appear to 

have some other beneficial effects in 

ruminants, they mainly prevent excessive 

ruminal degradation of dietary proteins, 

reduce the activities of microbial proteases 

[8].The present paper aimed to evaluate the 

effect of four supplementation rates (0, 25, 50 
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and 100 gm.) of carob pods on digestibility, 

rumen fermentation, degradation kinetics, 

some blood constitutes and lambs 

performance. 

 

MATERIALS AND METHODS  

 

A total of 40 male growing lambs (8 months) 

with an average weight of 24.56±0.13 kg were 

randomly allotted into 4 groups (10 animals 

each) to study their growth performance. Four 

experimental concentrate feed mixtures 

(CFM) were formulated with 14 % CP. 

Lambs were fed the CFM's and rice straw 

(RS) and daily supplemented with 0 or 25, 50 

or 100 mg carob pods for 90 days according 

to [42].  A digestibility trial was conducted by 

12 adult rams (3 rams for each group), they 

were individually allotted in metabolic cages 

for 3 weeks as adaptation period followed by 

7 days for collecting urine and feces. Animals 

were fed as above at 8.00 am and 4.00 pm., 

while water was available all over the day. 

Table 1 illustrated composition of CFM and 

its chemical composition and carob pods.  

Feces and urine were collected quantitatively 

once a day before the morning meal at 8.00 

am and weight fresh. Daily samples 

representative 20 % of fresh feces and urine, 

then the seven days combined collection of 

samples were stored at - 20 C and kept for 

routine analysis. Feeds and fecal samples 

were analyzed for crude protein (CP) by 

Kjeldahl, crude fiber (CF), ether extract (EE) 

and ash, while urine was analyzed for 

nitrogen (N) according to AOAC [4]. Cell 

wall (neutral detergent fiber (NDF), acid 

detergent fiber (ADF), acid detergent lignin 

(ADL), cellulose and hemicelluloses content 

was determined by [58] procedure. Values of 

the total digestible nutrients (TDN) were 

calculated according to the classic formula of 

Cheeke on a dry matter basis [15]. 

Live body weight (g) and daily feed 

consumption (g) were individually recorded. 

Feed conversion was calculated as feed 

consumption (g) / weight gain (g). 

Economical efficiency (Y) was calculated 

according to the following equation: Y = (A-

B) / B x 100, where (A) is the selling cost of 

the obtained gain and (B) is the feeding cost 

of this gain.  
 

Table 1. Composition of CFM & its chemical analysis 

and carob pods (on DM basis). 

Ingredients 

(g/kg) 
CFM 

Carob pods 

Yellow corn 330  

Barley grain 200  

Wheat bran 170  

Soybean meal 

(44 % CP) 
140 

 

Olive cake 70  

Molasses 50  

Limestone 20  

Sodium chloride 15  

Mineral-vitamin 

premix2 
5 

 

Chemical 

analysis (g/kg 

DM): 

  

Dry matter 891.5 942.6 

Organic matter 941.6 963.7 

Crude protein 138.5 61.6 

Crude fiber 67.9 75.8 

Ether extract 31.1 47.6 

NFE1 704.1 778.7 

Ash 58.4 36.3 

NDF 341.5 315.5 

ADF 166.3 261.3 

ADL 41.4 36.8 

Hemicellulose 175.2 54.2 

Cellulose  124.9 224.5 

Neutral 

detergent 

soluble 

658.5 

68.4 

Total phenolic 9.5 87.9 

Total tannins 0.9 29.7 

One kilogram of premix contain: Vit. A 12000 000 IU, 

Vit. D3 2200 00 IU, Vit. E 1000mg, Vit. B1 1000 mg 

B2 4000 mg, Vit. B6 100 mg, Vit. B12 10 mg, 

Pantothenic acid 3.33 g, Biotin 3mg, Folic acid 0.83 g, 

Zn 11.79 g, Mn 5 g, Fe 12.5 g, Cu 0.5 g, Se 16.6 mg 

and Mg 66.7 g. 

 1NFE = 100 – (% CP+ % EE + % Ash + % NDF) 

Source: Own results. 

 

Rumen fermentation trials 
Three fistulated Barki female sheep 

(45.5±0.5kg BW) were used for rumen 

fermentation trials. Samples of rumen liquor 

were taken at 0, 1, 3 and 6 h post feeding from 

for each treatment, to be analyzed for pH 

using Orion 680 digital pH meter. Rumen 

fluid samples were preserved for ammonia 

nitrogen (NH3-N) determination according to 

Preston [46], total volatile fatty acid 
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(TVFA’s) by using steam methods [61]. 

Microbial counts (bacteria and protozoa) in 

the ruminal fluid were determined using a 

counting cell (Hawskley, UK) as described by 

Demeyer [17]. Rumen volume was 

determined by the colorimetric method using 

Cr-EDTA according to El-Shazly [22]. 

Synthesized microbial protein (MP g/day) in 

the rumen was calculated according to 

Borhami [13].  

Nylon bags technique was used to determine 

degradability kinetics of DM and CP. Two 

polyester bags (7x15 cm) with pore size of 45 

µm were used for each incubation time. 

Approximately 5 g of air-dried diet (ground to 

2 mm) were placed in each bag. All bags were 

incubated in the rumen, then they were 

withdrawn after 3, 6, 12, 24, 48 and 72 h; 

rinsed in tap water until the water became 

clear, then they were squeezed gently. 

Microorganisms attached to the residual 

sample were eliminated by freezing at -20ºC 

[32]. Zero-time washing losses (a) were 

determined by washing 2 bags in running 

water for 15 min. The degradation kinetics of 

DM and CP were estimated (in each bag) by 

fitting the disappearance values to the 

equation p=a + b (1-e) as proposed by 

McDonald [35].  The effective degradability 

(ED) for tested rations were estimated from 

the equation of McDonald [35], ED =a + bc/ 

(c + k), where ED (effective degradability), a 

(rapidly degraded fraction), b (slowly 

degraded fraction), c (rate of degradation) and 

k is the out flow rate assumed to be 0.05/h for 

concentrate under the feeding condition in this 

study.  

Blood samples were collected at the end of 

the experimental period from all lambs. Blood 

samples were obtained from the jugular vein 

of the lambs in the morning before access to 

feed and water. Serum was obtained by 

centrifugation of blood and stored at – 20°C 

until the analysis time. Glucose concentration 

was determined according to Trinder [54]; 

serum cholesterol [53]; serum total protein 

(TP) according to Henry [29], albumin (A) 

concentration according to Doumas [20]. 

Kidney function was evaluated by measuring 

blood urea using the colorimetric methods of 

Henry and Todd [30]. Liver function was 

assessed by measuring the activities of 

aspartate aminotransferase (AST) and alanine 

amino transferase (ALT) by the method of 

Reitman and Frankel [48].  

Antioxidant enzyme activities 
The concentration of SOD was determined as 

described by Ogbunugafor [43]. The catalase 

activity (CAT) was determined as described 

by Usoh et al., (2005) [57]. The activity of 

glutathione peroxidase (GPx) and reduced 

glutathione were determined by the method of 

Beutler [10]. Lipid peroxide concentration 

measured as thiobarbituric acid reactive 

substances (TBARS) according to Trotta [56]. 

Statistical Analysis 

The obtained data were subjected to statistical 

analysis using general linear models (GLM) 

procedure of SAS [49]. Significant 

differences among means were separated 

using LSD test according to Duncan [21] and 

significance was declared at P<0.05. 

 

RESULTS AND DISCUSSIONS 

 

Digestibility coefficients 

All values of digestibility coefficient were 

significantly increased (P<0.05) for sheep 

supplemented with 50 gm carob pods 

compared to other groups (Table 2). 

Insignificant differences were found between 

the 25 and 50gm groups, while less (p<0.05) 

values were shown by 100 gm group These 

could mainly related to the effect of tannins in 

carob pods on DM intake whereas less DM 

intake could found. Waghorn reported that 

condensed tannins could reduce fiber, CP and 

OM digestibility due to their binding 

properties and inhibition of rumen microbes 

and also they are ruminally indigestible [60]. 

Consequently, digestibility of dietary 

components will be affected and alter the end 

products of fermentation [37]. In this study 

digestibility of CP and CF was increased with 

the supplementation of carob pods (50 g/h/d). 

However, the action of tannins on animals 

probably depends on their solubility, in the 

gastrointestinal tract [9] But this effect was in 

a certain level, as [52] and [59] indicating no 

adverse effect of dietary inclusion of CT 

below 5% level on nutrient intake and 

utilization. This was confirmed by the finding 
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in this study, for group fed 50 g/h/d. Group 

supplemented with 50gm carob pods had the 

highest (P<0.05) total digestible nutrients 

(TDN) and digestible crude protein (DCP) 

values than other groups. On the other hand 

100 gm s0upplement was the less (P<0.05) 

value of TDN and DCP (Table 2). Other 

groups had intermediate values with 

insignificant effect (P>0.05). These results 

were agreed with the finding of Dey [18].   
 

Table 2. Apparent digestibility coefficients, nutritive values and nitrogen utilization of the experimental diets 

Items Control 
Carob pods 

25 50 100 SEM P value 

DM intake (g/h/d): 

CFM 668.63 673.97 698.05 625.83 74.98 0.684 

RS 363.79ab 373.55a 377.10a 354.03b 10.44 0.033 

Total DMI, g 1032.42a 1047.52a 1075.15a 979.86b 44.14 0.042 

Digestibility coefficients (%): 

DM 60.16b 60.59b 63.25a 56.68c 0.65 0.008 

OM 62.96b 63.36b 65.84a 59.72c 0.49 0.001 

CP 61.68b 62.17b 65.14a 58.23c 0.66 0.001 

CF 57.09b 57.88b 60.47a 54.04c 0.98 0.006 

EE 70.88b 71.09b 73.17a 66.08c 0.54 0.021 

NFE 64.62b 64.94b 67.26a 61.44c 0.48 0.037 

Nutritive values (%): 

TDN 60.60b 60.96b 63.34a 57.41c 0.50 0.018 

DCP 6.34b 6.37b 6.71a 5.93c 0.11 0.021 

Nitrogen utilization (g/h/d): 

N-intake (g/d) 16.99a 17.16a 17.72a 15.98b 0.87 0.031 

Urine-N (g/d) 5.81a 5.64b 5.44b 5.94a 0.33 0.028 

Fecal-N (g/d) 6.51b 6.49b 6.18c 6.68a 0.04 0.037 

N-digested (g/d) 10.48b 10.67b 11.54a 9.31c 0.25 0.001 

N-balance (g/d) 4.67b 5.03b 6.11a 3.36c 0.44 0.042 

N- balance as % of N-digested 44.61b 47.18b 52.91a 36.17 c 3.15 0.022 
abc means in the same row with different superscripts are significantly differ (P< 0.05). 

N-intake was lower (P<0.05) for group daily received 100 gm/h, while other groups had insignificant differences. 

Although all groups of animals had positive N balance, those receive 100 gm/h/d was the less (P<0.05) one. So, it 

was reflected the worst utilization one.  

Source: Own results. 

 

It is clear that the group received 50 gm carob 

pods group was the better (P<0.05) one in 

their N utilization compared with all groups.  

The less N utilization of that group daily 

received 100 gm/d, could be related to the 

tannin effect on reducing digestibility of 

dietary proteins by their ability to form 

insoluble complexes with proteins or digestive 

enzymes [10]. However, with increasing level 

of carob pods, NI decrease and both FN and 

UN increase, which resulted in less N 

utilization. So, the more (P<0.05) CP 

digestibility and N-utilization of rams daily 

supplemented with 50 gm./h, was within the 

level suggested by Bhatta et al. (2000) [11] 

and Dey et al. (2008) [19]  as it appeared from 

the increase number of bacteria in the rumen 

as well. 

Ruminal fermentation 

Ruminal pH values were not significantly 

affected by different levels of carob pods 

supplementation (Table 3). So, no any 

phenomenon of acidosis was noticed, as carob 

pods have a potentiality to prevent ruminal 

acidosis by reducing rapid starch hydrolysis. 

Concentration of ruminal metabolites (NH3-N 

and VFA’s) was significantly (P< 0.05) varied 

among the experimental rations. 

Supplementation with 100 mg carob pods had 

the lower NH3-N and TVFA’s concentrations; 

while 50 mg was recorded the highest value of 

TVFA’s compared with other groups.  

However, tannins had limited effects on the 

values of pH, VFA production but resulted in 

a noticeable decrease in NH3. Molar 

proportion (%) of propionic (P) acid was not 
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significantly affected by different levels of 

carob pods supplementation, while acetic (A) 

acid, A:P ratio and rumen volume (L) were 

higher (P<0.05) with 50 mg supplementation. 

In the same mane, Beauchemin reported that 

increasing supplementation levels of 

quebracho CT resulted in decreasing total 

VFA concentration, but  in contras acetate and 

A:P ratio were also reduced [6]. On the other 

hand, Carulla observed no change in total 

VFA concentration in sheep supplemented 

with black wattle tree CT, but acetate was 

decreased, while propionate increased [14]. 

Benchaar and Aguerre found that total 

concentrations of VFA and molar proportions 

of individual VFA were not affected by 

feeding quebracho CT [7] [1]. So, the effect 

of carob pods on total VFA concentration and 

VFA pattern have been variable among 

studies depending on the dosage rate and the 

consists of condensed tannin in carob pods 

source [38], [24] and [41].  Microbial nitrogen 

synthesis (MN) was ranged from 14.95 to 

17.51 (g/d) for 100 and 50 mg 

supplementation respectively, which reflected 

by the rate of out flow, as it considered as 

suitable for efficient ruminal cellulolytic 

bacteria and MN synthesis with the dose of 50 

mg in this study. However, ruminal NH3- N 

levels for sheep fed 50 gm carob pods in this 

study, were higher than the critical level 

(25mg) suggested by Satter & Slyter [51] for 

microbial protein synthesis. Supplementation 

of carob pods significantly (P<0.05) 

decreased population of total Protozoa as 

compared with control. So, these results could 

end out that carob pods could change 

population of rumen microorganism. 

However, ruminal protozoa count is variable 

due to the tannins effects as it had been 

reported in many assays carried out in vivo 

[46]. 
 

Table 3. Effect of different levels of carob pods on rumen parameters of Barki sheep 

Items Control 
Carob pods 

25 50 100 SEM P value 
pH 6.35 6.41 6.49 6.47 0.21 0.639 

NH3-N concentration 

(mg/100mlR.L) 

15.16 a 14.88 ab 14.66 b 13.76 c 0.53 0.001 

TVFA concentration 

(meq/100 mlR.L) 

10.51 b 10.98 b 11.77 a 9.76 c 0.49 0.002 

Acetic acid, % 54.88 b 55.17 b 56.74 a 52.54 c 0.58 0.001 

propionic acid, % 23.73 23.89 23.97 23.15 1.12 0.659 

Butyric acid, % 11.65 a 11.72 a 11.85 a 11.04 b 0.24 0.004 

Acetic : propionic ratio 2.31 a 2.31 a 2.37 a 2.27 b 0.08 0.022 

Rumen volume  (L) 3.11 c 3.32 b 3.45 a 3.00 d 0.07 <0.0001 

Rate of out flow (%h) 6.04 b 5.97 c 5.58 d 6.24 a 0.03 0.0001 

Microbial N yield (g /d). 16.19 c 16.64 b 17.51 a 14.95 d 0.17 0.0001 

Total bacteria counts, 

×108 cfu/ml 

1.21 b 1.24 b 1.31 a 1.08 c 0.04 <0.0001 

Total protozoa counts, 

× 106 cfu /ml 

4.53a 3.83 b 3.71 b 3.40 c 0.15 0.001 

a, b, c and d: means in the same row with different superscripts are significantly (P<0.05) different. 

Source: Own results. 

 

Degradation kinetics          
It was illustrated in (Table 4) that washing 

loss fraction “a” for DM, and CP among 

groups was insignificantly different (P> 0.05) 

among groups. while, degradable fraction “b” 

and rate of degradation “c” was higher 

(P<0.05) for the control group than other 

groups. The effective degradability “ED” of 

DM or CP was lower (P<0.05) for group 

supplemented with 100 gm. carob pods. 

While, it was higher for control group. These 

could be related to the less nutrients 

digestibility of 100 gm carob pods group, and 

as tannins are capable in binding with dietary 

proteins, resulted in less degradable nutrients 

in the rumen [9], [25], [45] and [40]. 

Although, CT could decrease ruminal 

degradability of CP, it increases amount of CP 

reaches the abomasums and small intestine 

[40].This could be confirmed in the present 
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study as RUP was less (P<0.05) for group with 100 mg. carob pods. 
 

Table 4. Degradation kinetics of DM and CP in the rumen of sheep fed the     experimental diets 

Items Control 
Carob pods 

25 50 100 SEM P value 

DM 

A 23.25  23.28  23.31  23.30  0.38 0.638 

B 52.84 a 50.42 b 49.78 b 45.63 c 0.76 0.003 

C 0.043 a 0.040 b  0.039 b  0.036 c  0.01 0.0001 

EDDM 46.57 a 46.32 a 46.40 a 44.97 b 0.44 0.004 

CP 

A 21.53  21.46  21.40  21.31  0.29 0.589 

B 57.77 a 55.98 b 54.11 b 51.88 c 0.24 0.004 

C 0.076 a 0.066 b 0.064 b 0.056 c 0.004 0.0001 

EDCP 56.85 a 52.67 b 51.38 b  48.44 c 1.36 0.001 

RUP 43.15 c 47.33 b 48.62 b 51.56 a 1.41 0.002 
a, b and c: means in the same row with different superscripts are significantly (P<0.05) different. 

ED: effective degradability= a + [ bc/c + k], where k is passage rate (assumed to be  0.05/hr .).  

RUP = 100 - ED (Orskov and McDonald, 1979). 

a = soluble fraction (%).     b = potentially degradable fraction (%). 

c = rate of degradability (% h-1).            RUP = ruminely undegradable protein 

Source: Own results. 
 

Growth performance 
Highest (P<0.05) final body weight and 

average daily weight gain were recorded with 

lambs daily fed 50 gm carob pods, while the 

lowest values were recorded with the group 

fed 100 gm. Other groups had intermediate 

values without significant differences 

(P>0.05). These could be due to the more feed 

intake of 50 gm carob pods followed by other 

groups and the less intake of 100 gm group. 

Although that dietary CT generally tend to 

decrease DMI when it is in high level, but 

there are exceptions [42]; [47] , the first two 

reported that no adverse effect on DMI, BW 

or ADG, while the second found that there is 

an increase in DMI. So, the last could be 

supported our finding with 50 gm 

supplementation of carob pods. However, this 

was reflected in more economic efficiency 

with 50 gm carob pods group.  
 

Table 5. Growth performance of lambs fed experimental diets 

Items Control Carob Pods 

25 50 100 SEM P value 

Initial body weight, kg 24.64 24.58 24.39 24.61 1.36 0.7440 

Final body weight, kg 37.45b b 38.03b 40.65a 34.26c 1.08 0.0001 

Daily weight gain, g/d 142.33b 149.44b 180.67a 107.22c 7.44 0.0001 

Daily feed intake, g/d 1027.64a 1033.16a 1045.66a 989.73b 25.21 0.0172 

Feed conversion ratio 7.22b 6.91b 5.79c 9.23a 0.46 0.0040 

Economic efficiency:       

Average daily feed cost (L.E) 2.090b 2.150b 2.235a 2.250a 76.29 0.022 

Price of daily gain(L.E) 5.27b 5.53b 6.68a 3.97c 0.3T2 0.005 

Economical return (L.E /h/d) 3.18b 3.38b 4.45b 1.72a 0.21 0.029 

Economic efficiency (%) 2.52b 2.57b 2.99a 1.76c 0.26 0.021 

Relative economic efficiency 100.00b 101.98b 118.65a 69.84c 0.16 0.004 

a,b,c different letters within a row denote significant differences between treatments (P<0.05). 

Source: Own results. 

 

These results agreed with the finding of 

Alonso-Diaz who reported decline in body 

weight gain of goats with increasing 

concentrations of CT in their feed. He added 

that concentrations of CT beyond 6% tended 

to relate negatively on body weight gain 

which supports with the observations of [2]. 

Lizardo and Andres-Elias reported that dietary 

carob (contained CT) did not affect the 

growth of weaned piglets [36] and [3]. 

However, many mammals, especially 

browsers, are able to produce proline-rich 
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salivary proteins (PRP) that are able to bin to 

dietary CT to inactivate them [5]. 

Blood parameters 
The blood parameters are presented in Table 6.   

Daily supplementation of carob pods (100 

gm) was resulted in less (P<0.05) blood 

glucose, total protein (TP) and urea-N, while 

other carob pods groups was shown more 

(P<0.05) concentration of TP and globulin, 

this could be due to the feed intake and 

digestibility coefficients for these groups.   

On the other hand, control had the more 

concentration of glucose and cholesterol. 

Higher (P<0.05) concentration of albumin and 

urea-N was found for control and that 

supplemented with the less level of carob 

pods (25 and 50 gm/h/d).   

However, all groups had insignificant 

different for liver and kidney functions (AST, 

ALT and creatanine). So, nothing unexpected 

phenomena happened in the present study.  
 

 

Table 6. Blood serum biochemical components of lambs fed experimental diets 

sItems Control 
Carob pods  

25 50 100 SEM P value 

Glucose (mmol/L)  a1.16  ab1.08  b 0.99 0.83 c 0.09 0.001 

Cholesterol (mmol/L)  a 1.87 b 1.62 b 1.51 1.46 b 0.18 0.003 

Total protein (g/L)  b 65.89 a 66.79 a 67.26 58.37 c 0.51 0.001 

Albumin (g/L)  a 31.99 a 32.11 a 32.19 28.86 b 0.66 0.002 

Globulin (g/L)  b 33.90 a 34.68 a 35.07 29.51 c 0.52 0.004 

Urea N (mmol/L)  a 4.76 a 4.67 a 4.55 3.97 b 0.21 0.001 

Creatinine (μmol/L)  96.77 96.89 97.11 97.44 0.88 0.647 

AST (IU/L)  55.87 55.94 56.06 56.23 0.97 0.852 

ALT (IU/L)  12.21 12.07 12.17 12.15 0.27 0.775 
a, b and c: means in the same row with different superscripts are significantly (P<0.05) different. 

Source: Own results. 

 

Antioxidant enzymes activity 

Data in Table (7) indicated that 

supplementation with different levels of carob 

pods significantly (P<0.05) increased SOD, 

CAT, GPx and GST activities and decreased 

TBARS in plasma compared to the control 

group.  

This revealed that carob pods could prevent 

the lipid peroxidation by enhancing the SOD, 

CAT and GPx activities. So, the phenolic 

compounds in carob exert powerful 

antioxidant effects and inhibit lipid 

peroxidation by antioxidative enzymes [35], 

[34] and [28].  

The antioxidant activity caused by the 

presence of these compounds could have 

additional effects, sparing other antioxidants 

and protecting molecules from oxidative 

damage during digestion and preserving the 

intestinal epithelium from potential oxidative 

damage caused by dietary factors or bacterial 

metabolism [27]. 
 

Table 7. Changes in the plasma antioxidant activities in lambs supplemented with different levels of carob 

(Ceratonia siliqua L) 

Items Control 
Carob pods 

25 50 100 SEM P value 

TBARS a0.41  b0.29  b0.25  b0.22  0.07 0.004 

GPx b 12.63 a 14.87 a 15.88 a 15.52 1.38 0.001 

GST b 1.33 a 1.52 a 1.57 a 1.66 0.16 0.001 

CAT b 50.68 a54.76  a 56.89 a 57.48 2.88 0.002 

SOD b 2.59 a 3.67 a 3.86 a 14.1 0.58 0.001 
a and b: means in the same row with different superscripts are significantly (P<0.05) different. 

Source: Own results. 

 

CONCLUSIONS 

 

From this study it can be concluded that daily 

supplement with Carob Pods especially at 50 

gm could improve the productive 

performances of the growing Lambs and 

achieved better feed efficiency, economic 

efficiency and relative economic efficiency. 
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Moreover, the hematological and biochemical 

parameters investigated in this study did not 

reveal any signs of illness in lambs due to 

daily consumption of 50 gm Carob Pods. 

However it needs more investigation for long 

term feeding in the field of beef or dairy milk 

production.   
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