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Abstract
Basal diets supplemented with 4 kg Ca-LS/ton of diet. Pellet quality characteristics 
(per cent fines, the present study was conducted to evaluate the influence of wheat 
middlings (WM) and calcium lignosulfonate (Ca-LS) as pellet binders on the pellet 
quality characteristics, growth performance, blood parameters, nutrients digestibili-
ties, lipid peroxidation and muscle fatty acids profile in Egyptian broiler strain. A total 
of 3,120 broiler chicks at 1-day of age were divided randomly into three experimental 
treatments with eight replicates (130 each). The first treatment was fed the basal pel-
leted diets without any additives, the second treatment was fed diets including 50 kg 
WM/ton of diet and the third treatment was fed per cent pellets, and pellet durability 
index) were significantly improved in WM and Ca-LS treatments compared with the 
control. Body weight gain was significantly increased, while feed intake was signifi-
cantly decreased resulting in improving of feed conversion ratio significantly in WM 
group in comparison with control and Ca-LS groups (p < .05). Nutrients apparent di-
gestibility (dry matter, crude protein and crude fibre) were significantly improved by 
inclusion of WM compared with control and Ca-LS. Plasma total cholesterol, and uric 
acid concentrations were significantly decreased by dietary WM in comparison with 
control and Ca-LS experimental groups. Furthermore, linoleic, alpha-linolenic and 
arachidonic acids contents in breast muscle were significantly increased by WM and 
Ca-LS, while, muscle malondialdehyde concentration was significantly decreased. It 
could be concluded that inclusion of WM and Ca-LS can improve pellet quality char-
acteristics, and WM (at a level of 50 kg/ton) had positive effects on growth perfor-
mance, nutrients digestibilities, lipid peroxidation and fatty acids profile in Egyptian 
broiler strain.
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1  | INTRODUC TION

Nowadays, with the improvements in broiler production there 
are several factors influencing the growth rate and feed conver-
sion rates. Improving formulations and the quality of the diet are 
among the main strategies to achieve better performance (Amerah 
& Gracia,  2011). Offering pelleted feed to poultry enhanced 
the economics of production via enhancing the feed consump-
tion, feed conversion ratio (FCR) and live weight gain in broilers 
(Behnke & Beyer, 2002). These enhancements improved feed in-
take, minimized feed loss, bigger bulk and nutrient intensity, no 
selective feeding, reduced time and energy expended in eating, 
minimized ingredient separation, extermination of feed-borne 
pathogens, inactivation of enzyme inhibitors and thermal mod-
ulation of starch and protein (Behnke,  1994). Pellet quality and 
strength are very substantial to get the benefits connected with 
pelleting (Jensen,  2000). Previous researches showed that FCR 
of poultry was decreased as pellet fines was increased and they 
illustrated that dietary low quality pellets could decline some of 
the advantages of pelleting, but separating pellet fines via sieving 
is not guaranteed in broilers (Proudfoot & DeWitt, 1976; Schell & 
Van Heugten, 1998).

Calcium lignosulfonates (Ca-LS) are by-products of the paper 
manufacture and are utilized as pellet binders. Chemical structure 
of Ca-LS is calcium 3-(2-hydroxy-3-methoxyphenyl)-2-[2-me-
thoxy-4-(3-sulfonatopropyl)] phenoxy propane-1-sulfonate (Yang, 
Qiu, Pang, & Zhou, 2008). The Ca-LS are good source of calcium 
(5%), sodium (0.17%) and ammonium (0.026%) salts as well as have 
high proportions of several wood sugars (25%–30%) and hemi-
celluloses (55%) (Association of American Feed Control Officials 
Incorporation, 1989). Lignosulfonates were utilized in poul-
try feeds as an effective binder when used at a level of 1%–3% 
(Anonymous,  1983; MacMahon,  1984). The lignosulfonate prod-
ucts had several utilities including dispersing, binding, complexing 
and emulsifying properties leading to prevent aggregation of small 
particles and droplets illustrated that inclusion of Ca-LS improved 
pellet quality, broiler performance and nutrients digestibility 
(Cecilia, Toledo, & Kuznesof,  2008; Corey, Wamsley, Winowiski, 
& Moritz, 2014).

Wheat middlings (WM) are by-products of the wheat milling 
manufacturing and do not contend with humans as food origin. 
The WM has the efficiency to diminish the feeding expenditures 
in poultry and livestock. In wheat milling process, the flour con-
sists of 70%–75% of the grain and the remaining 25%–30% is 
wheat by-products which might be used in poultry and livestock 
feeding (Laudadio & Tufarelli, 2012). These by-products generally 
are called WM, mill feed (MF) or wheat mill run (WMR) with lit-
tle consideration for the various mill process that influenced the 
final composition of these by-products. The nutrient composi-
tion values of WM are 16% CP, 2,540 Kcal ME/kg, 2.7% CF, 3.5% 
EE, 0.55% Lysine and 0.25% Methionine (Ahmadi & Amini, 2014; 
Ahmadi & Tahir, 2010; Tufarelli, Khan, & Laudadio, 2011). The im-
proving in feed pellet quality by WM might be due to two reasons, 

the first by variety of low-digested materials called non-starch 
polysaccharides (including cellulose, arabinoxylans, hemicellulo-
ses, lignin made up approximately 14, 44, 19 and 1.8% DM basis; 
respectively) (Annison & Choct, 1991; Tufarelli & Laudadio, 2011) 
and, the second reason is by starch gelatinization process (Zimonja, 
Stevnebø, & Svihus, 2007). Classen and Bedford (1991) reported 
that growth performance of broiler was improved by feeding 4% of 
WM. The aim of the present study was to evaluate the beneficial 
effects of inclusion of WM and Ca-LS as pellet binders on the pel-
let quality characteristics, growth performance, blood parameters, 
nutrients digestibilities, lipid peroxidation and muscle fatty acids 
profile in Egyptian broiler strain.

2  | MATERIAL S AND METHODS

2.1 | Birds and experimental design

A total of 3,120 1-day old unsexed Egyptian broiler strain were 
divided randomly into three experimental treatments with eight 
replicates (130 each). All birds were fed on the same starter diet 
(from 1 to 10 days) then the birds were divided and fed on experi-
mental diets (grower diets from 11 to 30 days and finisher from 
31 to 49 days). The first group was served as control and fed the 
basal diets without any additives, the second group was fed on 
diets containing 50 kg WM/ton of diets (the best level we used in 
broilers diets without and disadvantages in the performance), and 
the third group was fed on diets supplemented with 4 kg Ca-LS/
ton of diets (the recommended dose by Nutrivet Misr Co.). The 
levels of WM and Ca-LS used in this study were determined ac-
cording to the previous studies (Ahmadi & Tahir, 2010; Classen & 
Bedford, 1991) and according to the recommendations of the pro-
ducing companies. The formulation and the chemical composition 
of the experimental diets are presented in Table 1. The experiment 
was conducted in close system farm (Research Center of New El 
Sabeel Company) with 21 hr light: 3 hr dark cycle. At 1 day of age, 
the initial brooding temperature was 34°C and relative humidity 
60% and the temperature was reduced by 2°C/wk until reaching 
24°C. After brooding period, room temperature was kept at 24°C 
with relative humidity from 50% to 60% throughout the experi-
mental period.

2.2 | Pellet processing and pellet quality

Mash feed was conditioned in a 1.3  ×  0.31-m (length by diame-
ter), short-term (10  s) conditioner to a temperature of 80°C, with 
a gauge steam pressure just before the conditioner of 262  kPa 
(38 psi). Conditioned mash temperature was monitored with an 
80 PK-24 temperature probe (American Society of Agricultural 
Engineers,  1997). The temperature probe was entered at the in-
terface between the end of the conditioning barrel and beginning 
of the chute that connects to the pellet die chamber. Average of 
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feed inserting the conditioner and conditioner shaft revolutions per 
minute were held constant for all treatments. Pellets were manu-
factured using a 38.1- (effective thickness)  ×  4.76-mm pellet die 
without relief and a 40 HP California Pellet Mill, and then cooled 
on a horizontal belt cooler using forced ambient air. Electrical en-
ergy usage of the conditioner and pellet mill was determined during 
each run with a Square D amperage meter (McEllhiney, 1994). Pellet 
mill motor amperage was gauged by a Hobo U12 Data Logger. Pellet 
durability index (PDI), New Holmen Pellet Tester (NHPT), Per cent 
fine, Production rate, Conditioned mash temperature, Pellet mill 
motor amperage and Per cent pellets were measured according to 
the methods of (Cutlip et al., 2008).

2.3 | Growth performance and carcass parts

Body weight was measured weekly and feed intake was determined 
daily during the experimental period. Dead birds were recorded 
daily. The corrected feed conversion ratio (FCR) was calculated. 
Feed consumption and FCR were adjusted for mortalities when 
appropriate. At 49 days, 150 birds (30/treatment) were weighted 
and slaughtered and then dissected to measure the carcass yield, 
weights of breast muscle, thigh muscle, liver and abdominal fat. 
Carcass yield was calculated relative to live weight prior to slaugh-
ter using the following formula: Carcass yield = [(Carcass weight/
live weight) × 100].

TA B L E  1   Composition and nutrient analysis of the experimental diets

Control Wheat Middlings Calcium Lignosulfonate

Ingredients, g/kg Starter Grower Finisher Grower Finisher Grower Finisher

Yellow corn 554 601 653 567 622 593 646

Soybean meal, 46% 380 328 254 295 216 329 254

Corn gluten meal, 62% 7 8 24 24 43 9 25

Soy oil 19 25 30 25 29 27 32

Limestone 10 10 9.5 10 9.5 10 9.5

Dicalcium phosphate 17.5 15.5 15 16.5 16 15.5 15

Premixa  3 3 3 3 3 3 3

Sodium bicarbonate 1.6 1.5 1.8 1.5 1.8 1.5 1.8

Salt 3.5 3.5 3.5 3.5 3.5 3.5 3.5

L-Lys HCl 1 1.3 1.4 1.3 1.4 1.3 1.4

DL-Met 2.6 2.5 1.8 2.5 1.8 2.5 1.8

L- Threonine 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Potassium Carbonate 0.6 0.5 2.8 0.5 2.8 0.5 2.8

Wheat middlings — — — 50 50 — —

Calcium lignosulfonate — — — — — 4 4

Nutrient compositionb 

CP, % 22.44 20.49 18.45 20.50 18.44 20.54 18.46

ME, Kcal/kg 2,948 3,037 3,136 3,032 3,132 3,033 3,133

Ca, % 0.89 0.83 0.78 0.84 0.79 0.85 0.80

Total P, % 0.73 0.67 0.64 0.67 0.63 0.67 0.64

Na, % 0.21 0.20 0.21 0.20 0.21 0.20 0.21

CL, % 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Potassium, % 0.88 0.80 0.79 0.79 0.78 0.80 0.79

Lys, % 1.37 1.25 1.06 1.25 1.05 1.25 1.06

Meth, % 0.63 0.60 0.52 0.61 0.53 0.60 0.52

Meth + Cyst, % 0.99 0.93 0.82 0.94 0.84 0.93 0.82

EE, % 4.46 5.14 5.74 5.17 5.69 5.30 5.91

CF, % 3.42 3.24 2.97 3.14 2.86 3.22 2.96

Abbreviations: CP, crude protein; ME, metabolizable energy; Ca, calcium; total P, total phosphorus; Na, sodium; CL, chloride, Lys, lysine; Meth, 
methionine; Meth + Cyst, methionine + cysteine; EE, ether extract; CF, crude fibre.
aEach 3 kg of vit and Min in Premix contain: 6,000,000 IU vit A, 900,000 IU vit D3, 40,000 mg vit E, 2,000 mg vit K, 2,000 mg vit B1, 4,000 mg 
vit B2, 2,000 mg vit B6, 10 mg vit B12, 50,000 mg Niacin, 10,000 mg pantothenic acid, 50 mg Biotin, 3,000 mg Folic acid, 250,000 mg choline, 
50,000 mg Zn, 8,500 mg Mn, 50,000 mg Fe, 50,000 mg Cu, 200 mg I, 100 mg Se and 100 mg Co. 
bAccording to NRC (1994). 
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2.4 | Apparent nutrient digestibility

At the last 3 days of the experiment, excreta and feed were col-
lected and weighted by 30 birds from each groups. Then, the sam-
ples were dried by the drying oven at 60°C for 24 hr. The whole 
dried samples were then homogenized after drying. Samples were 
randomly taken and ground to analysis according to (AOAC, 1980) 
for crude protein (CP, Method 968.06), ether extract (EE, Method 
920.39) and crude fibre (CF, Method 932.09). The calculations 
for nutrients digestibility were as follows; nutrients digestibility 
(%) = (total nutrient intake−total nutrient excreted)/total nutrient 
intake × 100.

2.5 | Blood samples and plasma 
biochemical analysis

At 49 days, blood samples (12/treatment) were gathered in hep-
arinized test tubes and quickly centrifuged (3,000 rpm for 20 min 
at 5°C) to separate the plasma. Plasma was stored at −20°C until 
further analysis. Plasma total cholesterol, glutamic oxalacetic 
transaminase (GOT), glutamate pyruvate transaminase (GPT), 
glucose, total protein, albumin, globulin, uric acid, ceratenine and 
calcium were measured calorimetrically by using commercial kits 
(Diamond Diagnostics) according to the procedure outlined by the 
manufacturer.

2.6 | Muscle biochemical analysis

The analysis of muscle fatty acids (6 samples per treatment) was 
carried out by gas liquid chromatography (GLC) using a Shimadzu 
gas chromatograph GC-4 CM (PFE) equipped with a flame ioniza-
tion detector (FID) according to the procedure of (Saleh,  2013). 
Concentration of muscle malondialdehyde (MDA) was determined 
according to (Ohkawa, Ohishi, & Yagi, 1979).

2.7 | Statistical analysis

The differences between the treatment groups and the control 
group were analysed one-way ANOVA using SPSS Statistics 17.0 
(Statistical Packages for the Social Sciences, released 23 August 
2008). Tukey٫s multiple comparison test was used to identify which 
treatments conditions were significantly different from each other 
at a significance level of p < .05.

3  | RESULTS

Data presented in Table 2 explain the effect of WM and Ca-LS on 
pellet quality characteristics including pellet durability index (PDI), 
New Holmen Pellet Tester (NHPT), per cent fines, production rate, 
conditional mash temperature, pellet mill motor amperage and per 
cent pellets. The PDI, and NHPT per cent pellets were significantly 
increased in WM and Ca-LS treatments compared with control treat-
ment. However, per cent fines was significantly reduced (p <  .05). 
While, production rate was significantly increased (p < .05) by addi-
tion of WM compared with control and Ca-LS treatments, however, 
pellet mill motor amperage was significantly decreased. Conditional 
mash temperature was not significantly influenced by treatments.

Effect of inclusion of WM and Ca-LS as pellet binders on body 
weight gain, feed intake, FCR, carcass yield, breast muscle weight, 
thigh muscle weight, liver weight and abdominal fat weight were sum-
marized in Table 3. Inclusion of WM significantly increased (p < .05) 
final body weight, body weight gain and breast muscle weight, while, 
abdominal fat and FCR were significantly decreased. However, there 
is no difference between Ca-LS supplementation groups with the 
control group in body weight and feed intake and mortality rate. 
Whereas, carcass yield, thigh muscle and liver weights were not sig-
nificantly affected by inclusion of WM and Ca-LS.

Table  4 shows the nutrients apparent digestibility of broiler 
chickens fed WM and Ca-LS. Dry matter, crude protein and crude 
fibre apparent digestibility were significantly improved by WM 

Control WM Ca-LS

PDI, % 90.3b ± 0.88 93ab ± 0.58 94.67a ± 0.88a

NHPT, % 75.33b ± 0.88 86.33a ± 0.88 89a ± 0.58

Per cent fines, % 7.5a ± 0.115 4b ± 0.577 4.3b ± 0.173

Production rate, tone/hr 19.67b ± 0.33 21.67a ± 0.33 20.33b ± 0.33

Conditioned mash 
temperature, °C

76.5 ± 0.265 77 ± 0.577 75.667 ± 1.202

Pellet mill motor 
amperage

103.67a ± 0.882 97.67b ± 0.882 103.33a ± 1.202

Per cent pellets, % 92.5b ± 0.12 96a ± 0.57 95.7a ± 0.17

Note: Values are expressed as means ± standard error. Data were analysed by one-way analysis of 
variance and Tukey's multiple tests. a-cMeans within the same row with different superscripts differ 
(p < .05).
Abbreviations: PDI, Pellet durability index; NHPT, New Holmen Pellet Tester.

TA B L E  2   Effect of using wheat 
middlings (WM) and calcium 
lignosulfonate (Ca-LS) as pellet binders on 
pellet quality
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compared with control and Ca-LS. However, calcium and phosphors 
digestibility were significantly improved by Ca-LS.

The influences of inclusion of WM and Ca-LS on plasma con-
centrations of total cholesterol, glucose, GOT, GPT, total protein, 
albumin, globulin, ceratinine, uric acids and calcium are presented 
in Table 5. Inclusion of WM decreased significantly (p < .05) plasma 
level of total cholesterol and uric acid, however, plasma calcium was 
significantly increased in WM and Ca-LS groups compared with 

control, but plasma level of GPT, GOT, total protein, globulin were 
not significantly affected.

Interestingly, in Figure 1, it is clear that muscle unsaturated fatty 
acids linoleic, alpha-linolenic and arachidonic acids were significantly 
increased (p < .05) by inclusion of WM and Ca-LS, while, MDA con-
centration in muscle was significantly decreased.

4  | DISCUSSION

The levels of WM and Ca-LS used in this study was determined ac-
cording to the previous studies (Ahmadi & Tahir,  2010; Classen & 
Bedford, 1991) and according to the recommendations of the pro-
ducing companies. Results of the present experiment proved that 
pellet quality characteristics were improved by using the nature 
pellet binders like, WM or chemical pellet binder like, Ca-LS. These 
results are in accordance with different investigators (Acar, Moran, 
Revington, & Bilghj, 1991; Waldroup, Ritchie, & Ramsey, 1982), who 
found that differential sifting of feeds illustrated that inclusion of 
Ca-LS improved the percentage of intact pellets by 56% (p < .001). 
Consequently, the percentage of feed kept on a 4.75-mm screen el-
evated to 67.1% with Ca-LS from 43.1% for the control. Waldroup 
et  al.  (1982) observed that the intact pellet was 72.5% when 1% 
Ca-LS was used and it was reduced to 55.9% when 1.5% Ca-LS was 
used. As shown in Table  2, PDI and per cent pellets were signifi-
cantly increased and per cent fines were significantly decreased by 
inclusion of WM and Ca-LS. These findings are in correspondence 

Control WM Ca-LS

Initial body weight, g, 
11 days

312.15 ± 1.86 314.11 ± 0.68 313.82 ± 1.16

Final body weight, g. 
49 days

1,630.53b ± 6.11 1,660.74a ± 5.49 1624.90b ± 5.19

Body weight gain, g 
(11−49 days)

1,318.38b ± 8.68 1,346.63a ± 14.82 1,311.62b ± 7.55

Feed intake, 11−49 days 3,577.8a ± 24.82 3,533.3ab ± 10.69 3,460.3b ± 41.39

Mortality rate, % 
(11−49 days)

1.06 ± 0.06 0.96 ± 0.02 1.06 ± 0.03

FCR, 11−49 days 2.195a ± 0.015 2.128b ± 0.008 2.129b ± 0.027

Carcass yield, g/100 g 
BW

70.6 ± 1.34 70.2 ± 1.95 69.89 ± 1.62

Breast muscle weight, 
g/100 g BW

19.269b ± 0.214 20.698a ± 0.424 19.610ab ± 0.467

Thigh muscle weight, 
g/100 g BW

17.29 ± 0.497 18.64 ± 0.435 17.07 ± 0.642

Liver weight, g/100 g 
BW

1.77 ± 0.061 1.76 ± 0.085 1.60 ± 0.081

Abdominal fat weight, 
g/100 g BW

2.16ab ± 0.134 1.92b ± 0.096 2.42a ± 0.131

Note: Values are expressed as means ± standard error. Data were analysed by one-way analysis of 
variance and Tukey's multiple tests. a-cMeans within the same row with different superscripts differ 
(p < .05).
Abbreviations: FCR, feed conversion ratio; BW, body weight.

TA B L E  3   Effect of feeding 
wheat middlings (WM) and calcium 
lignosulfonate (Ca-LS) as pellet binders on 
growth performance and carcass traits in 
Egyptian broiler strain

TA B L E  4   Effect of feeding wheat middlings (WM) and calcium 
lignosulfonate (Ca-LS) as pellet binders on nutrients apparent 
digestibility in Egyptian broiler strain

Control WM Ca-LS

DMD, % 87.79b ± 0.023 92.72a ± 0.116 87.94b ± 0.029

CPU, % 82.79b ± 0.310 89.18a ± 1.026 75.66c ± 0.638

EEU, % 75.30 ± 0.221 75.79 ± 0.211 76.52 ± 0.530

CFU, % 72.43a ± 0.169 72.43a ± 0.169 65.86b ± 0.516

Ca, % 60.16c ± 0.079 63.86b ± 0.122 75.49a ± 0.104

P, % 63.95b ± 0.162 58.45c ± 0.394 72.47a ± 0.419

Note: Values are expressed as means ± standard error. Data were 
analysed by one-way analysis of variance and Tukey's multiple tests. 
a-cMeans within the same row with different superscripts differ 
(p < .05).
Abbreviations: CPU, crude protein digestibility; DMD, dry matter 
digestibility; EEU, ether extract digestibility; CFU, crude fibre 
digestibility.
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with Corey et al. (2014), who noted that inclusion of Ca-LS increased 
PDI and improved MPDI significantly. The improvements in PDI 
and MPDI were probably connected with the transformation of 
Ca-LS to be liquid by steam conditioning, filling interstitial space 
of feed particles, and stiffening upon drying, and consequently im-
proved pellet quality characteristics (Ouyang, Qiu, & Chen, 2006). 
Additionally, the using of Ca-LS minimized pellet temperature after 
extrusion significantly. Probably Ca-LS elucidated dispersing agent 
qualities which let rheology of particles to be preserved throughout 
pellet extrusion, and reducing friction during the processing (Pure 
Lignin Environmental Technology, 2009). Wheat middlings contents 
high quantity of non-starch polysaccharides (NSP) and highly water 
soluble NSP such as pentosans which might be related to the im-
provements in pellet quality characteristics (Gheisari, Bahadoran, 
& Tadayonfar, 2003; Saleh, Paray, & Dawood, 2020). Therefore, it 
could be mentioned that inclusion of pellet binders (WM and Ca-LS) 
improved pellet quality characteristics because CaLS becomes liquid 
with steam conditioning, filling interstitial space of feed particles, 
and hardening upon drying. Also, WM had high level of cellulose and 
lignin, which might be involved in increasing gelatinization, leading to 
improving pellet quality characteristics.

Growth performance was significantly affected by inclusion of 
MW and Ca-LS. As illustrated in Table 3, inclusion of WM increased 
body weight, and breast muscle weight, however, inclusion of Ca-LS 
decreased feed intake and did not affect muscles weights. Inclusion 
of WM and Ca-LS improved FCR compared with control treatment. 
Kivimae (1978) illustrated that feed efficiency was not significantly 
affected by inclusion of lignosulfonates in broilers and laying hens. 
Also, 6% Ca-LS had a significant effect on loose droppings. Proudfoot 
and DeWitt (1976) stated that pellets including 2.5% Ca-LS resulted 
in magnification of ceca in chickens. They also noted that inclusion of 
high percentages of Ca-LS had no impact on performance of chick-
ens. Also, Waldroup et  al.  (1982) observed that inclusion of Ca-LS 
enhanced pellet integrity, while, feed intake and body weight gain 
were not influenced in broilers. Data of this study proved that ab-
dominal fat weight was significantly increased by Ca-LS inclusion in 

comparison with control treatment. These results are in harmony with 
Acar et  al.  (1991) who found that carcass yield was not influenced; 
while, abdominal fat was elevated approximately 4.8% (p  <  .05) by 
addition of Ca-LS. Growth performance and breast muscle weights 
were significantly improved by feeding WM (Table 3). These findings 
disagree with Stapelton, Bragg, and Biely (1980) who indicated that 
addition of WM had no significant effect in daily weight gain, final 
body weight and FCR in broiler chickens. Also, Saki and Alipana (2005) 
showed that no significant effects were noted on feed intake, final 
body weight and carcass characteristics in broilers fed WM. On con-
trarily, Gheisari et al. (2003) reported that it is possible to use WM at 
30% levels in the diet of broiler chicks without any undesirable ef-
fects on their performance. Moreover, the growth was improved by 
feeding 10% of WM at because the high concentration of protein and 
amino acids in WM and the fibre content in WM may be give good 
chance for producing enzymes and improved the digestibility (Gheisari 
et al., 2003). Thus, it might be noted that dietary MW and Ca-LS im-
proved growth performance significantly in broiler chickens and this 
might be attributed to the enhancement of pellet integrity, and mag-
nification of ceca. Furthermore, by taking into account our results in 
nutrients digestibility, it seems more likely that inclusion of MW and 
Ca-LS may enhance the growth performance of broiler chickens.

Crude protein and crude fibre apparent digestibilities were signifi-
cantly decreased by feeding Ca-LS compared with control and MW 
experimental groups. On the other hand, calcium digestibility was sig-
nificantly improved by inclusion of Ca-LS. Corey et al. (2014) reported 
that inclusion of Ca-LS in a proper level of might improve nutrient di-
gestibility. In addition to improving pellet quality, Ca-LS supplemen-
tation might be connected with enhancing the digestibility of amino 
acids (Wamsley & Moritz, 2012). The Ca-LS might be served out as a 
soluble fibre and combined in the broiler's ceca. Once they enter the 
gut they could be fermented and lowered the caecal pH from 6.69 to 
6.34 in broilers, offering a prebiotic action similar to FOS (Moran & 
Conner, 1992; Saleh, Hayashi, Ijiri, & Ohtsuka, 2015). Moreover, the in-
clusion of 1.25% lignosulfonate binder reduced Salmonella typhimurium 
significantly (Moran & Bilgil,  1992). Protein and fibre digestibilities 

Control WM Ca-LS

Plasma TC, mg/dl 138.83a ± 0.345 128.17b ± 1.618 134.08a ± 1.836

Plasma glucose, mg/dl 220.50 ± 0.485 222.92 ± 0.743 225.58 ± 0.259

Plasma GPT, (U/I) 90.25 ± 0.329 92.33 ± 0.142 95.75 ± 0.131

Plasma GOT, (U/I) 326.83 ± 0.322 330.83 ± 1.167 329.16 ± 0.423

Plasma TP, mg/dl 4.48 ± 0.066 4.51 ± 0.055 4.04 ± 0.036

Plasma globulin, mg/dl 2.61 ± 0.036 2.33 ± 0.025 2.14 ± 0.019

Plasma ceratnin, mg/dl 0.253 ± 0.004 0.259 ± 0.010 0.270 ± 0.003

Plasma uric acid, mg/dl 17.25a ± 0.218 15.67b ± 0.280 16.00b ± 0.275

Plasma calcium, mg/dl 8.51b ± 0.020 9.52a ± 0.070 9.75a ± 0.070

Note: Values are expressed as means ± standard error. Data were analysed by one-way analysis of 
variance and Tukey's multiple tests. a-cMeans within the same row with different superscripts differ 
(p < .05).
Abbreviations: GOT, glutamic oxalacetic transaminase; GPT, glutamate pyruvate transaminase; TC, 
total cholesterol; TP, total protein.

TA B L E  5   Effect of feeding 
wheat middlings (WM) and calcium 
lignosulfonate (Ca-LS) as pellet binders 
on plasma parameters in Egyptian broiler 
strain
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were improved by feeding WM and this might be connected with its low content of the NSP (e.g., pentosans), which consequently might 

F I G U R E  1   Effect of feeding wheat middlings (WM) and calcium lignosulfonate (Ca-LS) as pellet binders on fatty acids profile and lipid 
preoxidation in the muscles of Egyptian broiler strain. Linoleic (a), alpha-linolenic (b), arachidonic acids (c) and MDA (d). Values are means 
represented by vertical bar. a,b,c,dMean values with unlike letters were significantly different (p < .05)
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be involved in reducing the viscosity of digestives and improved nutri-
ents digestibility (Classen, 1996; Gheisari et al., 2003; Saleh, Ebeid, & 
Abudabos, 2018; Saleh, Ragab, Ahmed, Abudabos, & Ebeid, 2018). In 
Table 3, calcium digestibility was significantly improved by inclusion of 
WM and Ca-LS in comparison with control treatment. These findings 
are in correspondence with Jaroni, Scheideler, Beck, and Wyatt (1999), 
who documented that calcium and phosphorus digestibility was im-
proved by feeding WM to Leghorn hens.

Plasma total cholesterol, and uric acid were significantly de-
creased by inclusion of WM and Ca-LS compared with control 
treatment. Moreover, muscle MDA content was decreased and un-
saturated fatty acids were increased in current study. Cardiovascular 
diseases (CVD) became the most serious health problem in the 
world (World Health Organization, 2015). A reduction of plasma 
total cholesterol concentration is an essential for the public health 
to control CVD (Grundy et  al.,  2004). Moreover, consuming of 
whole grains such as oat, barley and WM reduced plasma total 
cholesterol which connected with reducing the CVD by 20%–25% 
(Jensen et al., 2006). Wheat middlings contain significant amounts 
of vitamins, phytochemicals, minerals and dietary fibre (Kristensen 
et  al.,  2012), and particularly viscous fibres, e.g., β-glucan's and 
WM reduced cholesterol and increased unsaturated fatty acids in 
blood serum. Moreover, feeding of whole grain decrease the choles-
terol synthesis (Saleh, Ahmed, & Ebeid, 2019; Wang, Lichtenstein, 
Lamon-Fava, & Jacques,  2006). Also, WM is rich in some phyto-
chemicals, like phenols this chemical have antioxidant effects so it 
may be the reason that MDA was decreased by feeding WM in this 
study. On the other hand, Kivimäe (1978) concluded that Ca-LS did 
not affect liver and kidney function and reported that it was very 
safe for using as poultry feed additives. Also, Farran, Pietsch, and 
Chabrillat (2013) reported that feeding different sources of fibre 
like WM significantly lowered abdominal fat pad and decreased lipid 
preoxidation in broiler chickens. It might be assumed that, in the 
present study, pellet binders (WM and Ca-LS) reduced muscle con-
tent of MDA and unsaturated fatty acids and these positive effects 
are due to their contents of vitamins and phytochemicals, which are 
involved in enhancing the antioxidative properties and minimizing 
lipid peroxidation.

Interestingly, as shown in Figure 1, unsaturated fatty acids like 
linoleic, alpha-linolenic and arachidonic acids were significantly in-
creased by feeding WM compared with control and Ca-LS. Indeed, 
insoluble dietary fibres are used as an energy diluent in diets, 
meanwhile, using it in mild amounts had a positive effect in gut 
development and function (Mateos, Jiménez-Moreno, Serrano, & 
Lázaro,  2012; Saleh, Ijiri, & Ohtsuka,  2014). Moreover, low levels 
of cellulose from WM has a positive effect on nutrient retention, 
diminished plasma cholesterol concentration, and modified lipid 
composition in liver and adipose tissue in broilers (Safaa, Jiménez-
Moreno, Frikha, & Mateos,  2014; Saleh, Ohtsuka, Yamamoto, & 
Hayashi, 2013). On contrarily, lignin suppressed pancreatic enzymes 
concentrations in vitro and had a powerful capability to restrict cho-
lesterol and bile acids from a micellar solution (Jung & Fahey, 1983; 
Saleh, Ragab, et al., 2018), that might influence lipid absorption and 

fatty acids metabolism by increasing unsaturated fatty acids and de-
creased saturated fatty acids.

5  | CONCLUSIONS

Based on the obtained data, it could be concluded that inclusion 
of 50 kg WM/ton of diet or 4 kg Ca-LS/ton of diet improved pellet 
quality characteristics, and WM had positive effects on growth per-
formance, nutrients digestibilities, lipid peroxidation and fatty acids 
profile in muscles of Egyptian broiler strain.
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