
 

South African Journal of Animal Science 2020, 50 (No. 5) 
 

 

 
 
URL: http://www.sasas.co.za  
ISSN 0375-1589 (print), ISSN 2221-4062 (online)  
Publisher: South African Society for Animal Science  http://dx.doi.org/10.4314/sajas.v50i5.8 

Growth and meat quality of broiler chickens fed Moringa oleifera leaf meal, a 
probiotic and an organic acid 

 
X.P. Nduku1,2#, S.P. Mabusela3 & T.T. Nkukwana3 

1
Agricultural Research Council, Private Bag X2, Irene 0062, South Africa 

2
Department of Livestock and Pasture Science, University of Fort Hare, Private Bag X1314, Alice 5700, South Africa 

3
Department of Wildlife and Animal Science, University of Pretoria, Private Bag X20, Pretoria 0028, South Africa 

 
 

(Submitted 25 March 2019; Accepted 10 July 2020; Published 5 November 2020) 
 

Copyright resides with the authors in terms of the Creative Commons Attribution 4.0 South African Licence. 
See: http://creativecommons.org/licenses/by/4.0/za 

Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and the South African 
Journal of Animal Science. 

______________________________________________________________________________________ 

Abstract 
Six hundred one-day-old broiler chicks were used to determine the effects of Moringa oleifera leaf 

meal (MOLM), a probiotic, and an organic acid on growth, weights of digestive organs, and meat quality. 
Starter, grower, and finisher diets were formulated to which the additives were supplemented, namely T1: 
300 g/ton zinc bacitracin and 500 g/ton salinomycin; T2: 1000 g/ton MOLM; T3: probiotic (500 g/ton Enviva 
Pro); T4: organic acid (1000 g/ton Novyrate C); and T5: without additives. Bodyweight (BW), average daily 
gain (ADG), and feed intake (FI) were measured weekly through day 28. On days 1 to 7, FI was highest for 
T4 (22.01 g/d) and lowest for T2 (20.13 g/d). Birds in T3 had the lowest ADG and highest FCR on days 21 to 
28, and the highest BW on day 14 and day 21. Twelve birds were randomly selected from each treatment to 
measure carcass yield, organ sizes and meat quality. pH of the breast muscle was recorded at 45 minutes 
and 24 hours post mortem. Colour and drip loss were measured 24 hours post mortem. Birds in T4 had the 
lightest carcasses (1451 g). Birds in T2 had higher redness and chroma values, while hue angle values were 
highest in T3 birds. The effects of MOLM were comparable with the probiotic and organic acid. That is, they 
improved growth performance, digestive organ size and meat quality characteristics when included in broiler 
diets as alternatives to antibiotic growth promoters (AGP). 
______________________________________________________________________________________ 
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Introduction 
Poultry nutrition research is focusing on functional nutritional mechanisms to formulate high-quality 

feeds that would improve the efficiency of feed utilization and growth performance, and produce the desired 
carcass and meat quality attributes (Kidd, 2009). For a long time, antibiotics were used to maximize the 
utilization of nutrients in feed and enhance growth performance and production of poultry (Huyghebaert et 
al., 2011; Phillips et al., 2004). But consumers are rejecting the use of antibiotics in animal feeds because of 
their association with human and animal health risks (Gonzalez & Angeles, 2017). Although the inclusion of 
alternative growth promoters (AGP) in animal feed was banned in the European Union countries in 2006, it is 
widely practised in the South African poultry industry, where the effects of AGP are alleviated by feeding an 
AGP-free ‘withdrawal’ diet before slaughter. Various alternatives to AGP, such as probiotics and organic 
acids, are currently being used commercially to enhance health status, feed quality and utilization, and 
production efficiency in poultry (Khan & Naz, 2013; Khan et al., 2016; Abudabos et al., 2016; Abudabos et 
al., 2017). Included in these potential AGP replacements are phytogenic feed additives that are extracted 
from medicinal plants. Eleroğlu et al. (2013) recommended incorporating natural plant extracts in animal 
diets as this improved the oxidative stability, shelf-life and colour of meat, because of the presence of 
flavonoids and other phenolic compounds that have anti-oxidative and hypocholesterolemic effects on 
poultry products. 

Moringa oleifera Lam. (Moringa) is a highly valued nutritious plant that is distributed throughout 
various climatic zones and countries (Anwar et al., 2007). Moringa leaves could be used as an alternative to 
AGP, as they contain an impressive range of nutritional, growth promoting, prophylactic, antimicrobial and 
antioxidant properties (Moyo et al., 2012;). The leaf extracts of Moringa exhibit antioxidant activity owing to 
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the abundance of phenolic acids and flavonoids (Al Khateeb et al., 2013). The dietary inclusion of graded 
levels of MOLM as an alternative to protein has been evaluated (Zanu et al., 2012). However, there is a 
dearth of conclusive work on the effects of MOLM that are comparable with commercial AGP and other feed 
additives in broiler diets. The objective of the study was thus to compare the effects of MOLM with a probiotic 
and an organic acid in improving growth performance, digestive organ size and meat quality characteristics 
when included in broiler diets as alternatives to AGP.  

 

Materials and methods 
Ethical principles in this study conformed to national and international standards governing research of 

this nature with the usage of broiler chickens. Permission to use the experimental birds was obtained from 
the Ethical Committee of the University of Fort Hare (MUC221SNDU01) and from the ARC-AP (APAEC 
[2019/13]). The management of the birds was in accordance with the principles of animal care in 
experimentation (SANS, 2008). The feeding programme consisted of a starter (0 to 21 days) and a grower 
(22 to 28 days) basal diet formulated on Win-Feed 3.0 formulation software to meet the birds’ dietary nutrient 
requirements (NRC, 1994). Each feed consisted of the basal diet with or without additives and was split into 
five treatment groups, namely T1: positive control, 300 g/ton zinc bacitracin, and 500 g/ton salinomycin; T2: 
1000 g/ton Moringa oleifera leaf meal; T3: 500 g/to probiotic (Enviva® Pro); T4: 1000 g/ton organic acid 
(Novyrate® C); and T5: negative control, 0% additives). The composition of the maize-soybean basal starter, 
grower, and finisher diets on as-fed basis is shown in Table 1. The physical form of the starter was crumbs 
and the grower and finisher diets were pellets.    
 
 
Table 1 Composition of basal starter, grower, and finisher diets for broiler chickens on as-fed basis 

 

Feed ingredient (g/kg) 
Diets per feeding phase 

Starter (1 - 21 days) Grower (22 - 28 days) 

   

Maize 626.6  544.4  

Soybean 44% crude protein 200  210  

Soybean full fat 18.3  50  

Fish meal 65 120  47.46  

Sunflower 37 0  50.04  

Oil flower 0  50  

Choline chloride 60% 8.98 13.46  

Limestone 7.6  10.84  

Kynofos 5.56  11.38  

Sodium bicarbonate 3.54  5.73  

Lysine HCL 2.24  2.62  

Vitamin + mineral premix* 1.5  1.5  

L-threonine 1.13  1.11  

DL methionine 1.07  1.45  

Tryphtophan 0.15  0  

     

*Per kg of feed, vitamin A: 11 000 IU, vitamin D3: 5000 IU, vitamin E: 60 mg, vitamin K3: 2 mg, vitamin B1: 2 mg, vitamin 
B2: 5 mg, vitamin B3: 50 mg, vitamin B5: 2 mg, vitamin B6: 3 mg, vitamin B9: 2 mg, vitamin B12: 0.01 mg, biotin: 0.1 mg, 
antioxidant: 125 mg, manganese: 110 mg, iron: 40 mg, zinc: 100 mg, copper: 10 mg, cobalt: 0.5 mg, iodine: 2 mg, 
selenium: 0.3 mg, choline: 350 mg 

 
 

Proximate analyses for moisture, crude protein, ash and ether extract were performed on all 
experimental diets and on MOLM according to the methods of the Association of Official Analytical Chemists 
(AOAC, 2000) to confirm the composition and quality of nutrients (Table 2). A total of 600 one-day-old 
unsexed Cobb 500 broiler chicks were randomly allocated to 30 floor pens containing fresh wood shavings to 
the depth of 5 cm in an environmentally controlled house, and were reared for 28 days maximum. The 
experiment was a completely randomized design divided into 5 dietary treatments with 6 replicate groups of 
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20 birds per pen. House temperature was set and maintained at 34 °C during the first week and then 
reduced by 3 °C per week until 22 °C was reached and maintained at this level until the end of the 
experiment. Chicks were inspected daily and dead birds were removed after mortality was recorded (pen, 
date, and bodyweight), and feed consumption data were corrected for bodyweight of mortality. Feed and 
fresh water were offered throughout the production cycle. 
 
 
Table 2 Analysed nutrient composition of experimental diets for broiler chickens and Moringa oleifera leaf 
meal on dry matter basis  
 

Diet 
DM, 
% 

Moisture, 
% 

Ash, 
% 

EE, 
% 

CF, 
% 

CP, 
% 

NFE, 
% 

ADF, 
% 

NDF, 
% 

Ca, 
% 

P, 
% 

            

Starter 

T1 89.33 10.67 6.02 5.03 3.31 22.01 52.96 4.85 18.49 1.19 0.69 

T2 89.23 10.77 5.69 4.73 3.28 21.86 53.67 3.91 19.62 1.22 0.67 

T3 87.97 12.03 4.17 4.28 3.54 21.14 54.84 4.44 18.56 0.70 0.52 

T4 88.70 11.30 5.35 5.25 3.86 22.83 51.41 5.04 16.58 0.96 0.66 

T5 88.47 11.53 4.91 4.97 3.19 21.63 53.77 3.78 17.17 1.01 0.59 

Grower 

T1 90.20 9.80 5.47 9.89 4.98 21.67 48.19 6.22 11.44 0.93 0.76 

T2 89.84 10.16 5.21 9.73 4.59 19.87 50.44 7.02 11.37 1.00 0.75 

T3 90.59 9.41 5.23 10.20 4.93 21.09 49.14 5.17 12.11 0.96 0.63 

T4 90.32 9.68 4.82 10.16 4.43 20.78 50.13 6.68 11.45 0.92 0.63 

T5 90.42 9.58 4.83 10.47 4.69 20.44 49.99 8.53 10.86 0.98 0.61 

Finisher 

T1 88.51 10.74 4.45 9.20 3.8 18.93 52.13 4.57 14.43 0.72 0.55 

T2 87.17 12.83 4.34 8.80 4.12 19.12 50.71 5.10 13.72 0.79 0.54 

T3 87.72 12.28 4.57 8.10 4.00 17.76 53.90 4.54 13.67 0.75 0.55 

T4 88.17 11.83 4.53 7.96 3.76 18.21 53.71 5.14 14.35 0.82 0.55 

T5 87.17 12.83 4.38 7.93 4.03 22.73 48.10 5.71 13.31 0.81 0.56 

MOLM 92.70 7.30 8.73 5.08 5.86 24.96 48.07 5.82 10.12 1.77 0.28 

            

DM: dry matter, EE: ether extract, CF: crude fibre, CP: crude protein, NFE: nitrogen-free extract, ADF: acid detergent 

fibre, NDF: neutral detergent fibre, Ca: calcium, P: phosphorus, T1: positive control with 300 g/ton zinc bacitracin and 

500 g/ton salinomycin, T2: 1000 g/ton Moringa oleifera leaf meal (MOLM), T3: 500 g/ton probiotic, T4: 1000 g/ton organic 

acid, T5: negative control, without additives 

 
 

Feed allocated and the weight of birds per pen were recorded at placement, and then at weekly 
intervals, that is, 7, 14, 21 and 28 days old. Bodyweight gain (BWG, g) was calculated as final bodyweight 
minus initial bodyweight, and average daily gains (ADG) were calculated as weekly averages. Feed 
conversion ratio (FCR) was calculated as FI divided by BWG, on a pen weight basis. After 28 days, all the 
birds were slaughtered, and twelve birds were randomly selected from each treatment (two per replicate), 
making 60 birds. Birds were weighed individually before they were slaughtered by cervical dislocation 
following electrical stunning at a voltage of 70 volts. The carcasses were then eviscerated manually. The 
gizzards and the visceral organs (liver, lung, heart and spleen) were removed by hand through incisions 
around the vent and sternum. Gizzards were collected to determine the levels of erosion by visual 
observation using four grading codes from 0 to 3 (0 = normal gizzard; 1 = slight erosion; 2 = definite erosion, 
3 = severe erosion). Carcasses and visceral organs were then weighed individually (per bird), and expressed 
as percentages of live bodyweight. Dressing percentage was calculated as carcass weight divided by pre-
slaughter bodyweight.  

Carcass weight and breast pH were recorded 45 minutes post mortem (pH45). The carcases were then 
kept in refrigerated storage at 4 °C. At 24 hours post mortem, the chilled carcass weights and breast pH 
(pH24) were measured. The pH was determined with a portable digital pH meter equipped with a probe and 
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an X5 sensor electrode (Eutech Instruments Pte Ltd., Singapore). Breast meat colour coordinates were 
measured with a Konica Minolta CM-600d colour meter using colour data software CM-S 100W SpectaMagic 
NX (Konica Minolta, Hanover, Germany). The colour measurements were made approximately 24 hours 
after slaughter and one hour after blooming (CIE-Lab, 1978). The calorimeter was calibrated with the green 
standard before measurements were taken. Three readings were taken on non-overlapping zones of the 
sample rotated 10 

o
 between measurements and the average values were obtained. The chroma (C*) and 

hue angle (H*) were calculated with the formulae C* = [(a*2 + b*2) 0.5] and H* = [(tan-1(b*/a*)].  
Breast muscle samples were weighed (W1) and placed individually in a cooler (4 °C) for drip loss 

percentage analysis. After 12 hours the samples were removed from the cooler and were wiped with 
absorbent paper, and dry breast muscle weight was measured (W2). Drip loss percentage was calculated as 
[(W1 - W2) ÷ W1 × 100]. Water-holding capacity (WHC) was determined by calculating the ratio of meat area 
to liquid area after pressing a 400 to 600 mg meat sample on a filter paper (Whatman 4) sandwiched 
between two Perspex plates, and pressed at constant pressure for 5 min (Grau & Hamm, 1953). Following 
Irie et al. (1996), areas were measured with a VIA system composed of an Olympus CC12 camera and 
CellSens imaging software (version 1.14; Olympus Corp., Shinjuku, Japan). Water-holding capacity was 
expressed as the area of the meat divided by the area of the moisture. 

For growth performance, digestive organ weight, carcass yield and meat quality parameter data, an 
analysis of variance was computed using the generalized linear model (GLM) procedure of SAS/STAT® 
software 9.4 (SAS Institute Inc., Cary, North Carolina, USA). The model was:  

Yij = μ + αi + eij 

Where: Yij = response variable,  
μ = the common mean,  
αi = the effect of the ith dietary treatment (T1, T2, T3, T4 and T5), and  
eij = the random error.  

 
Data were presented as the least square means with their standard error. The least significant 

difference (LSD) method was used to test differences between means for significance. Differences were 
considered significant at P <0.05.  

 

Results and Discussion 
Differences in BW were observed only at 14 days and 21 days old. At 14 days, the birds in T2 had 

lower (P <0.05) BW (505 g) than those in T3 (528.33 g), but were similar (P >0.05) to the birds from other 
groups. At 21 days, T2 and T4 birds had lower (P <0.05) BW than birds in T3, but were not different (P 
>0.05) from each other and the birds in other groups. This suggests that MOLM affects BW in the same way 
as an AGP and an organic acid. The higher BW of the birds fed T3 was probably because of the beneficial 
effect of probiotics on the gut flora (Ashayerizadeh et al., 2009). Through the process of competitive 
exclusion, T3 ensures that there is limited space for inflammation and necrosis-causing bacteria that may 
cost energy during immune response and cell repair. Differences in AFI were only noted in the first week 
(days 1 to 7), where birds in T2 (fed MOLM) had a lower (P <0.05) AFI (20.13 g) than birds in T4 (22.01 g). 
However, T2 and T4 birds had similar (P > 0.05) average feed intake (AFI) to the birds in other treatment 
groups. The effects of dietary treatments on BW, AFI, ADG and FCR for 28 days are shown in Table 3. 
Lower feed intake in MOLM-fed birds may possibly be because of anti-nutritional factors in Moringa leaves 
that inhibit the bioavailability of the nutrients (Alidou et al., 2016), and affect production parameters 
negatively, including bodyweight. Similar to the current findings on AFI, Juniar et al. (2008) reported that the 
inclusion of MOLM at amounts up to 10% did not affect (P >0.05) feed consumption, BW and FCR.  

Differences in ADG were evident only from 21 to 28 days, when T2 birds had higher (P <0.05) ADG 

than T3, although not different from birds in other groups. This higher value was reflected in the AFI of 

MOLM-fed birds, although not significant. Higher ADG in MOLM-fed birds may be caused by the FI 

regulating effect exerted by Moringa leaves that improves ADG in broiler chickens. Moringa leaves contain 

phenolics that cause increased glycolysis and utilization of glucose for energy production (Mbikay, 2012). In 

the second week (8 to 14 days), T3 birds had lower (P <0.05) FCR than birds in T1, although not different (P 

>0.05) from that of T2, T4, and T5 birds. This indicates that probiotic diets could affect the growth 

performance of birds positively (Kocher et al., 2004). The FCR of T2 birds did not differ from that of birds fed 

AGP, probiotic and organic acids. This finding revealed that a growth promoter effect was exerted by MOLM, 

similar to the other feed additives, including AGP. The main site of activity in plant extracts such as MOLM is 

in the gastro-intestinal tract through modification of gut micro-flora, maximizing feed digestibility and growth 

rate (Nkukwana, 2012). Kwedibana (2008) evaluated the effects of MOLM on the growth rate of broilers and 
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found that MOLM in broiler diets promoted significantly higher FCR. Gunal et al. (2006) and Agboola et al. 

(2015) reported that supplementation of probiotics, organic acid and AGP to broiler diets did not have any 

effect on growth performance parameters. However, few studies reported the comparative effects of MOLM 

with other feed additives.  

 
 
Table 3 Least square means (± standard errors) of growth parameters of broilers fed diets with Moringa 
oleifera leaf meal, probiotic or organic acid as feed additives for broilers 
 

 
 

Dietary treatments
 

T1 T2 T3 T4 T5 SE 

       

Bodyweight, g 

Day 1 52.33 52.33 52.33 52.33 52.33 0.33 

Day 7 184.83 180.17 184.83 186.17 183.00  3.45 

Day 14 508.33
ab

 505.00
b
 528.33

a
 511.67

ab
 515.00

ab
 7.90 

Day 21 996.97
ab

 965.00
b
 1028.33

a
 985.00

b
 988.33

ab
 15.71 

Day 28 1667.67 1641.83 1622.33 1648.17 1656.00  33.05 

Average feed intake, g/d 

Days 1–7 21.14
ab

 20.13
b
 20.89

ab
 22.01

a
 21.32

ab
 0.57 

Days 8–14 55.69 54.75 52.67 54.26 55.45 2.32 

Days 15–21 94.28 88.45 93.09 92.34 116.66 10.87 

Days 21–28 131.58 129.92 126.88 126.42 132.49 3.17 

Average daily gain, g/d 

Days 1–7 18.93 18.26 18.93 19.12 18.67 0.52 

Days 8–14 46.21 46.40 49.07 46.49 47.43 1.02 

Days 15–21 69.76 65.71 71.43 67.62 67.62 2.19 

Days 21–28 95.86
a
 96.69

a
 84.85

b
 94.74

a
 95.38

a
 3.45 

Feed conversion ratio 

Days 1–7 1.12 1.10 1.11 1.15 1.15 0.04 

Days 8–14 1.20
a
 1.18

ab
 1.07

b
 1.17

ab
 1.17

ab
 0.05 

Days 15–21 1.35 1.36 1.31 1.37 1.75 0.17 

Days 21–28 1.38
b
 1.36

b
 1.49

a
 1.34

b
 1.39

b
 0.04 

       
a,b

 Within a row, means with common superscript were not different with probability P <0.05 
T1: positive control with 300 g/ton zinc bacitracin and 500 g/ton salinomycin, T2: 1000 g/ton Moringa oleifera leaf meal 
(MOLM), T3: 500 g/ton probiotic, T4: 1000 g/ton organic acid, T5: negative control, without additives 
 
 

Differences were observed in carcass weights, in which the birds in T4 showed lower (P <0.05) 

(1451.67 g) weights than birds in T1 (1610.00 g). There were no differences in chilled carcass weights, 

dressing percentage and digestive organ size among the treatments. The detected lack of a growth-

promoting effect may be related to the digestible diets in this study. In general, the beneficial effects of most 

additives are clearer in suboptimal and stressful conditions (Baurhoo et al., 2007). The results of the current 

study are compatible with the results drawn from the study by Corduk et al. (2008), in which a probiotic, 

prebiotic, plant extract and organic acid in broiler diets did not affect carcass and digestive organ parameters 

significantly. Agboola et al. (2015) reported a lack of additive effect on the digestive organs in a study in 

which probiotic and organic acid diets had no effects on lung, heart, spleen, liver, and kidneys. Nkukwana et 

al. (2014) reported no differences in chilled carcass weights, dressed carcass and digestive organs (liver, 

heart, spleen and gizzard) of broilers fed MOLM from those of the control. 

In the current study, the gizzard weight was higher (P <0.05) in T2, T3, T4 and T5 birds than in the 
positive control group, with birds in T2 having a generally larger gizzard size (35.83 g), which is indicative of 
better muscle development, which may have a positive effect on the particle size of digesta and nutrient 
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absorption (Kokoszyński et al., 2017). However, Nkukwana et al. (2014) found neither antibiotics nor MOLM 
had a significant effect on gizzard size. Gizzard development is positively affected by consuming coarse 
materials which ensures complete grinding of the feed and a well-regulated digesta flow and secretion of 
digestive juices (Sacranie et al., 2012).  

Spleen size was smaller (P <0.05) in T4 birds, and larger in T2 and T5 birds. The smaller spleen in T4 
birds may be linked to their lowest carcass weights, compared with birds in other groups. Similarly, Fascina 
et al. (2017) reported that chickens fed diets containing phytogenic additives and organic acid showed higher 
relative weight of spleen than those that were not fed with these additives (P <0.05). Table 4 shows the 
effects of dietary treatments on carcass yield, organ size, and gizzard erosion score. 

 
 

Table 4 Least square means (± standard errors) of carcass yield, organ size and gizzard erosion score of 

broilers fed diets with Moringa oleifera leaf meal, probiotics or organic acid as feed additives 
 

Traits 
Dietary treatments

 

T1 T2 T3 T4 T5 SE 

       

CW 1610.00
a
 1526.67

ab
 1540.00

ab
 1451.67

b
 1560.00

ab
 43.91 

CCW 1490.60 1446.83 1527.17 1440.50 1547.58 40.33 

CD % 75.46 75.42 71.99 73.57 72.48 3.59 

Liver 27.00 26.08 24.83 24.50 29.58 1.90 

Lung 13.50 14.83 14.83 13.67 14.50 3.30 

Gizzard 26.67
b
 38.00

a
 35.83

a
 36.33

a
 35.17

a
 2.47 

Heart 9.17 10.50 10.33 15.00 17.33 4.73 

Spleen 1.96
ab

 2.17
a
 1.92

ab
 1.67

b
 2.33

a
 0.16 

GES 1.50 1.33 1.17 1.17 1.17 0.23 

       
a,b

 Within a row, means with common superscript were not different with probability P <0.05 
T1: positive control with 300 g/ton Zinc bacitracin and 500 g/ton Salinomycin, T2: 1000 g/ton Moringa oleifera leaf meal 
(MOLM), T3: 500 g/ton probiotic, T4: 1000 g/ton organic acid, T5: negative control, without additives, CW: carcass 
weight, CCW: chilled carcass weight, CD %: dressing percentage, GES: gizzard erosion score 

 
 

Physico-chemical traits such as pH-value, colour and cumulative drip loss are important in determining 

meat quality (Janisch et al., 2012). Fletcher (2002) reported that threshold pH values below 5.7 stand for 

pale, soft and exudative (PSE), values 5.7 to 6.1 for standard quality, and values above 6.1 for dark, firm and 

dry (DFD) meat. The current study did not show any variability in the pH values of meat across the 

treatments. These results are consistent with Łukasiewicz et al. (2014), who reported no significant 

differences caused by plant additives on the ultimate pH (5.70 - 5.76) of broiler meat. Nkukwana et al. (2015) 

reported no significant effects (P >0.05) on breast meat pH measurements of broiler fed MOLM at 1%, 3% 

and 5% of DM intake. In their study, pH values ranged from 5.74 to 5.90. Although no treatment effects were 

shown on pH attributes in the current study, the pH levels ranged between 5.8 and 6.0 at 45 min and 24 

hours (pH24) post mortem. Therefore, PSE and DFD meat conditions were not observed in the current study.  

Chicken breast meat generally appears to have a pink colour, which is a desirable characteristic for 

the consumer (Choo et al., 2014). The muscle pH is related primarily to the biochemical state of the muscle 

at the time of slaughter following the development of rigor mortis, decreasing from 7.0 to a pHu of 

approximately 5.4 to 5.7 (Al-Owaimer et al., 2014). The results of this study showed differences (P <0.05) 

only on a*, C* and H* meat colour values. The birds in T2 had a higher a* value than those in T3 and T5. 

The C* value was higher in T2 birds and lowest in T3 birds. Consequently, the H* values were significantly 

lower in T2 birds and the highest value was shown in T3 birds. The higher redness values in meat from birds 

that were fed MOLM could be attributed to the high levels of dietary iron in Moringa leaves. Iron content is 

indicated by its concentration of muscle pigment and is contained in the oxymyoglobin, which results in the 

red colour in meat (Kadim et al., 2003). Gopalakrishnan et al. (2016) reported that Moringa leaf powder 

contained 28 mg of iron, whereas beef meat has only 2 mg. Additionally, the higher (P <0.001) a* values in 

T2 birds compared with the negative control showed that colour was stabilized by antioxidants from MOLM. 
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  Table 5 shows the least square means of physico-chemical meat quality attributes of broilers fed 

MOLM, probiotic and organic acid feed additives. The ability of muscle to retain moisture is important to meat 

quality parameters such as colour, which is held in high regard by the industry and consumers (Huff-

Lonergan & Lonergan, 2005). The current study showed that the birds in T3 had lower (P <0.05) drip loss % 

(1.52), and the highest value (2.31) was observed in T2 birds. Consequently, higher (P <0.05) WHC was 

shown in T3 birds, but T1 birds had the lowest. The current findings are difficult to explain, since no 

differences were observed in meat pH24 (P >0.05) among groups, indicating that pH may not have been the 

major factor in drip loss differences. There were no differences between birds that were fed MOLM (T2) and 

the birds in the other groups. T2 had comparable WHC to the birds in other groups. Zhou et al. (2010) 

reported a reduced (P <0.05) percentage of drip loss in birds fed probiotic. Poor WHC results in high drip and 

purge loss from meat and meat products, which can represent a significant loss of weight from carcasses 

and may affect the yield and quality of processed meats (Aaslyng, 2002). A rapid pH decline post mortem 

may lead to protein denaturation, with serious consequences for colour, tenderness, and WHC, generating 

PSE (Hughes et al., 2014). Łukasiewicz et al. (2014) reported that a decrease in pH value is accompanied 

by reduced water-binding capacity, and an increase in pH by increased WHC of muscle proteins. 

 
 

Table 5 Least square means (± SE) of physico-chemical meat quality attributes of broiler chickens (n = 60) 

fed diets with Moringa oleifera leaf meal, probiotic or organic acid as feed additives 
 

Meat quality 
attributes 

Dietary treatments 

T1 T2 T3 T4 T5 SE 

 

pH45 6.01 5.88 6.09 5.96 5.96 0.085 

pH24 5.86 5.93 5.88 5.91 5.99 0.051 

L* 47.89 48.87 48.29 48.47 48.80 0.599 

a* 0.97
ab

 1.43
a
 0.73

b
 1.19

ab
 0.80

b
 0.203 

b* 6.77 7.52 6.39 6.63 6.57 0.405 

C* 6.89
ab

 7.69
a
 6.51

b
 6.79

ab
 6.65

ab
 0.410 

H* 82.53
ab

 79.61
b
 84.76

a
 79.89

ab
 83.05

ab
 1.828 

Drip loss % 1.98
ab

 2.31
a
 1.52

b
 2.06

ab
 1.54

b
 0.225 

WHC 0.36
c
 0.38

abc
 0.41

a
 0.40

ab
 0.37

bc
 0.011 

 
a,b

 Within a row, means with common superscript were not different with probability P <0.05 
T1: positive control with 300 g/ton zinc bacitracin and 500 g/ton salinomycin, T2: 1000 g/ton Moringa oleifera leaf meal 
(MOLM), T3: 500 g/ton probiotic, T4: 1000 g/ton organic acid, T5: negative control, without additives, pH45: pH at 45 
hours post mortem, pH24: ultimate pH, L*: lightness, a*: redness, b*: yellowness, C*: chroma, H*: hue angle, WHC: water-
holding capacity 

 
 

Conclusions 
Moringa oleifera leaf meal could be fed to broiler chickens with few alterations to their performance or 

to the size of their digestive organs relative to birds fed AGP, organic acid, and probiotics. Among these 
additives, MOLM increased meat redness significantly, although the various additives did not affect meat pH. 
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