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ABSTRACT 

Moringa oleifera, a rapid growing tree found in a different climatic 

condition, the moringa is a promising tree and has the potential to 

become a new source of fresh forage material per unit area compared to 

other forage crops high productivity. Moringa produce a large amount of 

the residues consisting of branches and stalks which lefts over after 

getting moringa leaves for human use, causing environmental problems. 

Therefore, the main objectives of this research are to prepare moringa 

residues to be used as a dietary supplement for animals feed due to it's 

content of many nutrients, protein sources and vitamins, to decrease the 

cost of the feed. Meanwhile the essential factor is preventing the 

accumulation of these quantities and environment pollution. Some 

physical, mechanical properties and chemical composition of moringa 

residues were investigated at moisture content (8%). In order to 

determine engineering treatments to get the most appropriate lengths for 

cutting of moringa residues to be used as appropriate residues roughage 

for animal diets. A local manufacture hammer mill machine was used for 

crushing and milling the moringa residues, three different types of 

hammer were used in this machine to cut the right lengths. The current 

research focus on machine noise levels and air pollution dust particle due 

to crushing and milling the moringa residues for human safety. The 

quantity of fine particles inhaled and produced from a local hammer mill 

machine operator was recorded. The microbiological analysis showed the 

presence of microorganisms such as Bacteria, Fungi, Actinomyces and 

Yeasts in the moringa dust particles. The nutritional characteristics 

of stems (stalks) of Moringa oleifera plant with two levels of grinding 

(fine and coarse Moringa oleifera stems) 
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(Fine MOS; from > 0.6 mm to 1.4 mm and Coarse MOS; from >1.4 mm 

to 6.7 mm) and clover hay (CH) were studied in a completely randomize 

design using: chemical composition In-vivo digestibility coefficients and 

feeding values determination. Results revealed that crude protein (CP) 

content was 12.81, 12.24 and 13.08% for (Fine MOS and Coarse MOS) 

and clover (CH), respectively. The MOS had high crude fiber (CF) 

content than CH, while recorded high ether extract (EE) 3.12% content 

while stems recorded low EE 1.03 and 0.94% content. The fiber fraction 

(NDF, ADF, ADL, cellulose and hemicellulose) of MOS content were 

higher than those in CH content. Fine MOS) with highest nutrient 

digestibility, TDN (50.72%) and DCP (8.39%), followed by coarse MOS 

(TDN, 48.46% and DCP, 7.12%). Meantime, intermediate values of 

nutrients digestibility of clover hay led to intermediate TDN and DCP 

values (45.41and 8.14%) respectively. The results revealed that fine 

grinded Moringa oleifera stalks had great potential as livestock feed for 

small ruminants holder, especially during dry season and it consider a 

good quality roughage compare to clover hay. 

 

Keywords: Moringa oleifera, Physical properties- mechanical properties, 

chemical composition, Noise, Dust particles, Fiber fractionation, 

Digestion coefficients, nutritive values, sheep. 

INTRODUCTION 

gypt, as one of the developing countries, face shortage of animal 

meat, due to poor production of animals, which led to high cost of 

livestock and livestock products as well. One of the ways to 

reduce cost of animal production in developing countries and therefore 

making animal protein available to people at cheaper prices is by using 

agricultural by-products and tropical plants to feed livestock. (Asar et al., 

2010). Availability of conventional feed resources is declining as 

livestock populations increase especially in arid and semi-arid areas of 

Egypt. Fodder trees, shrubs and forage plants are indispensable sources to 

animal feed in Egypt, particularly in areas with dry to semidry 

Mediterranean climate. This because they can alleviate the feed shortages 

or even fill up the feed gaps in the summer. Hashish et al., (1994) studied 

E 
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some factors affecting the performance of chopping, crushing and 

grinding equipment for field raw materials. They concluded that the 

optimum drum speed was found 9.4 m/s for the three tested raw materials 

and the highest machine production rate and efficiency were obtained at 

low levels of moisture content of raw materials. Imbabi, (2003) tested the 

performance of a cutting machine for crop residues in the cutting process 

of corn stalks. The obtained results showed that the use of a serrated knife 

edge significantly decreased the cutting energy requirements between 8-

15 % and increased the cut length of less than 5cm length by about 90%. 

Morad et al., (2007) investigated the performance of a crop residues 

chopping machine during cutting some field residues such as rice straw, 

corn stalks and sugarcane in terms of cutting lengths percentage, energy 

and cost requirements. Optimum performance was obtained at chopper 

drum rotating speed of 51.31 m/s, material feed rates of 0.45 ton/h for 

sugarcane, at residues moisture content of 5.5 % for rice straw, 8.7% for 

corn stalks arid 11% for sugarcane residues. Amer et al., (2008) showed 

that cutting energy is related to the stem mechanical properties (e.g. 

maximum cutting force and stem shear strength), and physical properties 

(e.g. stem diameter, dry matter density and moisture content). Types of 

cutting knife and blade edge also affect the cutting energy requirement. A 

serrated blade edge gives a higher cutting force and requires more cutting 

energy. Abd Elmottaleb et al., (2009) stated that the performance of the 

hammer mill was in the optimum region under the following conditions: 

Hammer drum speed of 44.2 m/s, concave hole diameter of 2 mm and 

residues moisture content of maize stalks 4.1 %, rice straw 3.4% and 

cotton stalks 7.4%. There has been an increasing interest in the use of 

Moringa as a protein source for livestock. Asaolu et al., (2011). Fozia et 

al., (2012) mentioned that Moringa oleifera is cultivated all over the 

world due to its multiple utilities. Every part of moringa is used for 

certain nutritional and/or medicinal propose. Besides being a good source 

of protein, vitamins, oils, fatty acids, micro-macro mineral elements and 

various phenolics, it is also reported as anti-inflammatory, antimicrobial, 

antioxidant, anticancer, cardiovascular, hepatoprotective, anti-ulcer, 

diuretic, antiurolithiatic, and antihelmintic. Its multiple pharmaceutical 

effects are capitalized as therapeutic remedy for various diseases in 
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traditional medicinal system. Odee, (1998) stated that moringa is a fast 

growing tree and has been found to grow between 6–7 m in one year, in 

areas receiving less than 400 mm annual rainfall. Foidl et al., (2001) 

eliminate that moringa plant is known for its resistance to drought and 

diseases. Because, this tree has so many potential uses. The plant 

possesses many valuable properties which make it of great scientific 

interest. These include the high protein content of the leaves twigs and 

stems, the seeds contain high protein and oil contents in the seeds, the 

large number of unique polypeptides in seeds that can bind to many 

moieties, the presence of growth factors in the leaves, and the high sugar 

and starch content of the entire plant. Another important advantageous 

characteristic of moringa is high productivity of fresh material per unit 

area compared to other forage crops. Moringa is especially useful as a 

forage for cattle both economically and productively solving the problems 

facing cattle breeders. Its leaves and green fresh pods are used as 

vegetables by humans and are rich in carotene and ascorbic acid with a 

profile of amino acids, vitamins A, B and C, Ca, Fe and P And the 

advantages of using moringa as a protein resource are numerous, and 

include the fact that it is a perennial plant that can be harvested several 

times in one growing season and also has the potential to reduce feed 

cost. It can reach 12 m in height at maturity, yielding up to 120 

tones/ha/yr when planted very densely for use as forage. Makkar and 

Becker, (1997).  

The present study aims at investigating the effect of varied grinding (fine 

and coarse) of Moringa oleifera stalks (stems and petioles) on chemical 

analysis, digestion coefficients and feeding values comparing to clover 

hay (Trifoliumalexandrinum) (CH) as  basic feeds for small ruminants.  

MATERIALS AND METHODS 

Experiments were carried out using a local hammer mill machine at 

Agricultural Engineering Research Institute, (AEnRI). Nutrition 

experiments and its analyses executed at Animal Nutrition Research 

Department, APRI. The stalks (stems and petioles) of Moringa oleifera 

were harvested around the experimental site; the fine and coarse leaves 

and stems of the plants were separately pooled each other and on open 
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door-dried to constant moisture levels, and there after bagged for 

experimental procedures. 

Materials and Methods 

Materials: 

In this study, crushing and milling operations were carried out on moringa 

stalks, the specifications of the moringa crop residues were presented as 

follows: 

Physical properties of moringa stalks: 

Samples were taken from three different positions: bottom, middle and 

top portion of each stalk to determine length, diameter and number of 

branches. The average diameter of each sample was determined by an 

electronic digital caliper.  

Mechanical properties of moringa stalks: 

Determine the necessary mechanical transactions to get the most 

appropriate lengths for cutting waste moringa plant to gain advantage of 

high nutritional value. The digital force gauge (model: FGN-50) was used 

to measure penetration resistance and shear strength for moringa stalks, at 

three measure positions (bottom, middle and top regions). 

Chemical composition: 

The chemical composition of fine Moringa oleifera stems (FMOS) and 

coarse Moringa oleifera stems (CMOS) were determine at laboratory of 

Animal Production Research Institute, APRI. 

Equipment: 

1- Hammer mill machine: 

A local hammer mill machine was used for crushing and milling the 

moringa residues (Figs.1 and 2). The technical specifications of the 

machine are shown in Table (1). 

2- Hammer types: 

Three different types of hammer were used in the crushing and milling 

process to get the appropriate stalks cutting length: Flat blade impact 

hammer (fig.2A), modified blade impact hammer (Fig. 2B) and impact 

crusher hammer (Fig. 2C). 

A- Flat blade Impact hammer: 

Six hammer knives used in this machine (125×40×6mm) length, width 

and thickness respectively.  
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B- Modified flat blade Impact hammer: 

The knives were modified increase cutting edge to increase the shear 

strength the knives were made of a flat steel edge angle of 45 degrees on 

the longitudinal axis of the hammers.  

C- Impact crusher hammer 

Rotor dimensions: stem100 mm, hammer (40×40×25mm) length, width 

and thickness respectively. 

Table (1): The technical specifications of the hammer mill machine. 

Item Specification 

Make Local manufacture 

Type Laboratory hammer mill 

             Hammer number 

             Hammer mass (g) 

             Hammer length (mm) 

             Hammer width (mm) 

             Hammer thickness (mm) 

6  

1875 

125 

40 

6 

Concave holes diameters (mm) 2 

Clearance between knife and concave (mm) 4 

Power source Single phase electric 

motor, 1.84kW,220 V, 2000 rpm 

The power was transmitted from the source to the drive shaft by a v-belt 

(13×900 mm) and pulleys, diameters of pulleys (7, 10 and 15 cm). 

Feeding was performed manually. 

 

 
Fig. (1): local hammer mill machine. 
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Fig. (2): Three different types of hammer. 

A-Flat blade impact hammer, B- modified blade impact hammer and C- impact crusher hammer. 

Drum speed  

Three drum speeds (10.5, 10.9 and 11.5 m/s) and machine concave hole 

diameter of 2 mm were used. 

Methods:  

A local hammer mill machine was used for crushing and milling, the 

moringa stalks residues at moisture content (8%).  

Product output particle sizes: 

Sieves (0.6, 1, 1.4, 2.8, 3.35 and 6.7 mm) were used for measuring 

particle sizes of the machine output product (ASAE 2001). The total 

weight of samples and the mass of each product categories were weighed 

using digital scale with an accuracy of 0.01g. The percent of each fraction 

was determined. 

Power requirements: 

Total consumed power (kW) under working load was determined by 

using a national super clamp meter, type 700K, range (0-700). 

Machine productivity: 

The testing time of the experiment was recorded by a stop watch. The 

machine productivity was calculated (kg/h) for each rotor hammers. 

Measuring the dust inhaled during the operation: 

The personal dust sampler (PS- 43: Japan) was used to measure dust 

inhaled (µg/m
3
) per labors during operations. The suction flow rate of the 

(2A) (2B)  (2C) 
Dim. in cm 
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dust sampler was adjusted to be at 1.5 L/min, before the beginning of 

work the filter was weighed then weigh at the end of working day, to 

determine the different between the two weights.  

Microbial determination: 

Samples moringa dust was microbiogically analyzed for densities of 

bacteria, fungi, and actinomycetes. Total count technique was employed 

to enumerate the groups of microorganisms (page, et al., 1982). Petri 

dishes were incubated at 28°Ϲ for 5 days for fungi and actinomycetes and 

3 days for bacteria. In agricultural microbiological department, soil, water 

and environment research Institute, ARC. The following media (g/l) were 

used for determination and counting of the microbial biomass. 

A- Martin media (Martin, 1950) 

For total count of fungi: 

            Glucose, g/L                      10.0  

            Peptone, g/L                      05.0  

            KH2PO4, g/L                    0.50  

            Rose Bengal, g/L               0.03  

            Agar, g/L                           20.0  

            PH                                     6.8    

B- Jensen media (Allen, 1957) 

  For total count of actinomycets: 

            Glucose, g/L                     2.0  

            Casein, g/L                       0.20  

            Ca2HPO4, g/L                 0.50  

            MgSO4, g/L                     0.50  

            FeCl2.6H2O                     traces 

C- Nutrient Agar (Atlas, 2004) 

            Beef extract, g/L               3.0  

            Yeast extract, g/L             1.0  

            Peptone, g/L                     5.0  

            Agar, g/L                          20.0  

            PH                                    7.0  

Noise level: 

Machine noise levels during the operation were measured by a digital 

sound meter, (SL-130), (range 30-130dB). 

Metabolism trials: 

This study was conducted at the privet farm of Suez governorate and 

being in good contact with, Animal Nutrition Research Department, 

APRI. Three Rahmani rams were used in (3X3) Latin Square design to 
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evaluate the experimental tested ingredients through three metabolism 

trials for 14 successive days, 7 days as preliminary period then 7 days for 

feces collection in the metabolic cages. Digestibility trails were 

conducted, using acid insoluble ash (AIA) method according to van 

Keulen and young (1977). The quantitative collection of hard feces, and 

feed refusals for the next seven days had specified for digestibility 

estimation. Sub samples (20% of feces and urine) were taken once daily 

and frozen until analyses. Chemical analyses of tested ingredients and 

urine were applied according to AOAC (2005). Values of the total 

digestible nutrients (TDN) and digestible crude protein (DCP) were 

calculated according to the classic formula of Maynard et al. (1978) on a 

dry matter basis (DM). Cell wall was analyzed for neutral detergent fiber 

(NDF), acid detergent fiber (ADF), acid detergent lignin (ADL). 

Hemicellulose and cellulose were determined by difference according to 

Van Soest (1994).  

Data Analysis 

Data were analyzed using the general linear model procedure of SAS 

(2004). Means were separated by Duncan's Multiple Range test (Steele 

and Torrie, 1980). One way ANOVA procedure used to analyze data 

following the next model: Yij = μ + Aij + eij . 

Where: μ is the overall mean of Yij, Aij as the treatment effect; eij is the 

experimental error 

RESULTS AND DISCUSSION 

Several parameters affecting the performance of cutting the moringa 

stalks were studied. Some of these parameters are related to the cutting 

devices; the obtained results throughout the several stages of laboratory 

and field experiments are presented and discussed in this paper. 

Physical properties of moringa stalks: 

A random sample of moringa stalks residues was taken to obtain some 

physical properties data such as stem length, diameter, Number of 

branches of moringa stems. The average of length and Number of 

branches were 42.5 cm and 10.22 respectively. Standard deviations were 

2.8, 2.79 and 3.02 for top Stem diameter, middle Stem diameter and 
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bottom Stem diameter, respectively. The Moisture content was 8 % .The 

obtained results are presented in Table (2). 

Table (2): Average values of some physical properties of moringa stalks residues 

Characteristics position Range Average 

 

Stem diameter, mm 

top 1 – 11.82 4.01 ± 

middle 2.12 – 13.40 5.79 ± 

bottom 4.49 - 16 7.91 ± 

Stem length, cm 14 - 71 42.5 ± 

Number of branches 6 – 18 10.22 ± 

Moisture content, % 8 % 

Mechanical properties of moringa stalks: 

The mechanical properties of moringa stalks residues are done to 

determine both of penetration resistance and shear strength of different 

positions of the various stalk regions (bottom, middle and top). This 

procedure is done for proper selecting of cutting material and its technical 

specifications. Average values of shear strength are; top 238.2 N, middle 

271.7 N and bottom 343.7 N respectively. Penetration resistance average 

values are; top 78 N, middle 114.7 N and bottom 143.7 N respectively, 

(Table 3). These results are due to the mature of bottom parts of stem set 

up firstly then, the next ones (middle and top) so the diameter of bottom 

parts is bigger than the middle and top ones. Accordingly the forces 

needed to overcome the big diameter must be the biggest. 

 Table (3). Average values of some mechanical properties of moringa stalks: 

Positions Shear strength (N) Penetration resistance (N) 

Top part of the stem  238.2 78 

Middle part of the stem 271.7 114.7 

Bottom part of the stem 343.7 143.7 

Effect of hammers type and machine drum speed on the Particle 

sizes. 

The data illustrated in Table (4) show that the Particle size distribution. It 

is found the hammer types have high effect on Particle size distribution, 

where the impact crusher hammer gives the highest fine particles (< 0.6 

mm) and the lowest values of coarse particles (> 6.7 m) at modified blade 

hammer speeds. And by increasing the hammer speed increases the values 

of fine particles and decreases the values of coarse particles. Accordingly, 

the impact crusher hammer at hummer speed of 11.5 m/s records the 

highest and lowest values of fine particles 19.2% and coarse particles 
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6.3% respectively. Data presented on Table (4) clear the most effect on 

shredder MWD recorded by impact crusher hammer. Impact crusher 

hammer give the lowest MWD 2.55 mm at hammer speed of 11.5 m/s 

where in, flat blade impact hammer recorded the highest reading of 

MWD. It speeds by 10.5, 10.9 and 11.5 m/s were 3.1, 3.08 and 2.59 mm 

respectively for flat blade impact hammer. 10.5, 10.9 and 11.5 m/s were 

3.3, 3.02 and 2.66 mm respectively for modified blade impact hammer. 

And 10.5, 10.9 and 11.5 m/s were 2.7, 2.66 and 2.55 mm respectively for 

impact crusher hammer. 

Table (4): Effect of hammers type and drum speed on the Particle size 

distribution at moisture content of (8%). 
 

Hammer type 

Drum 

speed 

m/s 

Particle size distribution (%) 

<0.6 

mm 

0.6 -1 

mm 

1-1.4 

 mm 

1.4-2.8 

mm 

2.8-3.35  

mm 

3.35-6.7  

mm 

>6.7 

mm 

MWD* 

mm 

Flat blade 

impact 

hammer 

10.5 8.8 10.2 6.6 32 7 24 11.4 3.10 

10.9 15 15 7 29 8 23 3 3.08 

11.5 19 17 7.2 23.5 3.3 22 8 2.59 

Modified 

blade impact 

hammer 

10.5 8.2 7.8 5 33 8.5 21.8 15.7 3.30 

10.9 14.8 8.5 5.6 32.5 6.7 18.8 13.1 3.02 

11.5 19 10 7.4 31.8 6 14 11.8 2.66 

Impact 

crusher 

hammer 

10.5 16.2 18.3 6 18 15 17.5 9 2.70 

10.9 18.2 19.8 7.5 17.2 14 16 7.3 2.66 

11.5 19.2 21.5 10 16.5 13.2 13.3 6.3 2.55 

*Mean weight diameter (M.W.D) 

Chemical composition: 

The proximate composition of fine (FMOS) and coarse (CMOS) Moringa 

oleifera stems (MS) and clover hay (CH) is shown in Table (5). Obtained 

results indicated that MOS contained high protein, EE and ash had high 

OM, CF and NFE compare to CH. These obtained results are in 

accordance with Makkar and Becker (1997), Reyes Sa´nchez et al. (2006) 

and Mahmoud (2013). Concerning fiber fraction exception hemicellulose, 

MOS had the highest values of all fiber fractions (CMOS and fine MOS) 

followed by CH which had the lowest values. The mean NDF, ADF and 

ADL values of coarse MOS were higher (63.71, 48.78 and 12.42%) than 

those of fine MOS (61.85, 47.03 and 11.24%), while these corresponding 

values are the lowest values in CH (40.71, 32.70 and 8.13%). The results 

are in accordance with Makkar and Becker 1997, Reyes Sa´nchez et al. 

2006 and Mahmoud, 2013 for NDF, ADF and ADL, respectively. It is 
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important to realize that the chemical composition of Moringa can vary 

considerably mainly depending on the amount of smaller branches and 

twigs included along with the leaves in the leaf meal. This is shown by 

Fujihara et al. (2005), who analyzed different fractions of Moringa 

oleifera (leaves, seed cake, soft twigs, and bucks). The leaves and seed 

cake had a CP content of approximately 25 to 30 % while leaves with soft 

twigs had a CP content of 19.5 %. The CP content of soft twigs alone was 

yet somewhat lower but this fraction can be used for animals with lower 

nutrient requirements. Forages with less than 8 % CP on DM basis are 

defined by Leng (1990) as low quality forages. So, the CP content 

presented in Table (5) shows that the MS used in this experiment is high 

quality forage like clover hay. 

Table (5): Chemical composition and fiber fraction of tested ingredients. 

Item Feedstuffs 

Fine MOS Coarse MOS CH 

Chemical composition    

DM 92.75 93.40 91.30 

OM 92.85 92.83 91.40 

CP 12.81 12.24 13.08 

CF 40.10 41.62 37.65 

EE 1.03 0.94 3.12 

NFE 39.54 38.03 37.55 

Ash 7.15 7.17 8.60 

Fiber fraction    

NDF 61.85 63.71 40.71 

ADF 47.03 48.78 32.70 

ADL 11.24 12.42 8.13 

Cellulose 35.79 36.36 24.57 

Hemicellulose 14.82 14.93 8.01 

Fine MOS: fine moringa oleifera stems, Coarse MOS: coarse moringa oleifera 

stems and CH: Clover hay. DM: Dry matter, OM: Organic matter; CF: Crude 

fiber; CP: Crude protein; EE: Ether extract, NFE: Nitrogen free extract, NDF: 

neutral detergent fiber, ADF: Acid detergent fiber and ADL: Acid detergent 

lignin. 

Effect of hammer type at different speed on the power requirements 

(kW): 

Table (6) shows the effect of hammer type on the power requirement at 

moisture content (8 %), it is fount that by increasing hammer speed power 
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requirement increase so, the flat impact hammer gives speed of 10.5 m/s 

give the lowest power requirement (1.49 kW ) where in impact crusher at 

11.5 m/s hammer speed give the large  power requirement (1.77 kW) . 

also ,by increasing hammer speed from 10.5 m/s  to 11.5 m/s the 

requirement increased by 4.7% ,8.5% and 9.6 %. Flat blade impact 

hammer, modified blade hammer and impact crusher hammer 

respectively it is cleared that the hammer types   have fair by effect on 

power requirement. 

Table (6) Effect of hammer type at different speed on the power 

requirements (kW) 

Hammer type Drum speed (m/s) Power (KW) 

 

Flat blade impact hammer 

10.5 1.49 

10.9 1.58 

11.5 1.65 

 

Modified blade impact hammer 

10.5 1.30 

10.9 1.38 

11.5 1.42 

 

Impact crusher hammer 

10.5 1.60 

10.9 170 

11.5 1.77 

Effect of hammer type and drum speed on the machine productivity: 

Table (7) shows the hammer type effect on the machine productivity at 

moisture content (8%). Data show that Modified blade  impact hammer 

recorded the highest production ( 8.5 kg/h) followed by flat blade impact 

hammer (6.3 kg/h) at 11.5 m/s and Impact crusher hammer (5.7kg/h) at 

11.5 m/s  power requirement (1.77 kW)  respectively. Also Table shows 

that increasing hammer speed increasing productivity. Modified blade 

hammer gives the highest productivity and Impact crusher hammer gives 

the lowest productivity. And, by increasing hammer speeds the 

productivity increases so, the increasing hammer speeds from 10.5 m/s to 

11.5 m/s for productivity increases from 7.9%, 8% and 8.8% of Flat blade 

impact hammer, Modified blade impact hammer and impact crusher 

hammer respectively. With regard to the M.W.D., its observed that the 

impact crusher hammer outputs lowest M.W.D., and lowest productivity. 

It means that the material preoccupant at more time to produce finest 

particles    
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Table (7) Effect of hammer type on the machine productivity. 

Hammer type Speed (m/s) Productivity (kg/h) 

Flat blade impact hammer 10.5 5.8 

10.9 6 

11.5 6.3 

Modified blade impact 

hammer 

10.5 7.8 

10.9 8.1 

11.5 8.5 

Impact crusher hammer 10.5 5.2 

10.9 5.4 

11.5 5.7 

The impact of the cutting and crushing process of moringa stalks on 

healthy Operator. 

The quantities of dust inhaled by operators were measured, during 

machine operation, the personal dust devise was used. The quantities of 

dust inhaled by operator were 88 (mg/m
3
), 220 (mg/m

3
) and 60 (mg/m

3
), 

produce by Flat blade impact hammer, Modified blade impact hammer 

and Impact crusher hammer respectively. (Table 8) According to 

(NMAOH 2000) air pollution with dust particles more than (9.2 mg/m
3
) is 

considered harmful for a human. Comparing the results of the tested 

crushing moringa stalks residues. It is clear that crushing moringa stalks 

residues pollute air with dust quantities above 9.2 mg/m
3
.      

Table (8): Effect of hammer type on the quantity of fine particles, which inhaled 

by operators. 

  Hammer type Quantity of fine particles (mg/m
3
) 

Flat blade impact hammer 88  

Modified blade impact hammer 220  

Impact crusher hammer 60  

Stander pollution  9.2  

Microbiological analysis of air pollution: 

In the present study the analysis of microbial indicators associated fine 

particles of moringa as shown in Table (9). Total viable bacteria 

associated moringa recorded in three replicates were 40, 17, 21 cfu/g. at 

the dilution of (105), total fungi associated fine particles were 24, 70, 30 

cfu/g. at the dilution of (103), total Actinomyces were 7, 6, 3 cfu/g. at the 

dilution of (104) and total Yeasts 30, 30, 50  cfu/g. at the dilution of 

(103). The aerodynamic diameter (dae) is a critical factor for evaluating 
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of respiratory exposure to fungal particles. Bacteria, Actinomyces and 

Yeasts have aerodynamic diameter size < 5 µm, which can penetrate into 

lung tissue. On the other hand, Alternaria has aerodynamic diameter > 5 

µm that can deposited in the upper respiratory tract. Allergic trinities and 

asthma are resulted from exposure to particles >5 µm. (El-Gindy, 

2001).found that, fungi species in hay and grains are implicated in asthma 

and allergenic alveolitis. 

Table (9): Total count of bacteria, fungi, Actinomycetes and yeasts (cfu/gm/ml) 

Species  Count  cfu / gm/ml Av. Dilution 

Total Bacteria  

Total Fungi 

Total Actinomyces  

Total Yeasts 

40 – 17 – 21 

24 – 70 – 30 

7- 6- 3 

30 – 30 – 50 

26 

42 

6 

37 

105 

103 

104 

103 

Fig. (3) Total microbial count cfu/ml (bacteria, fungi, and actinomycetes). 

 
  

Bacteria Actinomycetes Fungi 

Noise level:  

The current study investigated the noise level resulted, as one of air 

pollutants. Noise levels during the operation were 54 dB, 62 dB and 90 

dB during operating Flat blade impact hammer, Modified impact hammer   

and Impact crusher hammer respectively, as shown in (Table 10). 

According to (WHO 2015) declared, “Worldwide, noise-induced hearing 

impairment is the most prevalent irreversible occupational hazard, 

Table (10): Effect of hammer type on the noise level (dB). 

  Hammer type Noise level (dB) 

Flat blade impact hammer 54 

Modified blade impact hammer 62 

Impact crusher hammer 90 
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Digestion coefficients and nutritive values: 

Results in Table (11) for digestion coefficients were significant (P<0.05) 

differences among three tested Ingredients for all digestive nutrients 

except digestible crude protein. The highest digestibility nutrients (DM, 

OM, CP, CF, NFE, NDF, ADF and hemicellulose) were scored with fine 

moringa oleifera stalks followed by coarse moringa oleifera stalks then 

clover hay with significant differences between treatments. This can be 

explained on the basis of that moringa oleifera stalks contained the 

highest proportion of OM, EE and NFE, cellulose and hemicellulose 

compared to clover hay (Table 5), while clover hay contained CP 

(13.08%) higher than moringa oleifera stalks (12.24 and 12.81%) and 

consequently had the highest contents of CF and its fractions especially 

ADL compared with clover hay as shown (Table 11) which caused a good 

impact on digestion and nutritive values of fine moringa oleifera stalks 

(fine MOS). In general, the higher digestibility values of most nutrients 

obtained of all tested ingredients may be attributed to the effect of feeding 

such high quality roughages (CH and MOS) which provided stimulatory 

factors to rumen cellulolytic and other bacteria. The presence of high 

fiber, particularly lignin, content limits intake and reduces digestibility 

(Jung et al. 1997 and Nordheim-Viken 2009) given the negative 

relationship of intake and digestibility with fiber and lignin content of the 

feed (Moore and Jung 2001 and Casler and Jung 2006). However, the 

values of cell wall NDF components are below the range of 600–650 g/kg 

DM suggested as a limit above which intake of tropical feeds by 

ruminants would be limited (Van Soest et al. 1991). These factors 

resulted in some changes in digestive function which led to increasing the 

availability and utilization of nutrients in the rumen and could have a 

significant impact on digestion and nutritive values of experimental tested 

ingredients. Results of nutritive values (Table 11) revealed that TDN and 

DCP values for experimental tested ingredients appeared to be more 

affected by nutrients digestibility and concentrate roughages ratio. It was 

noticeable that (fine MOS) with highest nutrient digestibility, TDN 

(50.72%) and DCP (8.39%), followed by coarse MOS (TDN, 48.46% and 

DCP, 7.12%). The results are in accordance with finding by Balgees et 

al., 2015) Meantime, intermediate values of nutrients digestibility of 
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clover hay led to intermediate TDN and DCP values (45.41and 8.14%) 

respectively. .In these respect, Mahmoud (2013) and Jelali and BenSalem 

(2014) concluded that daily and alternate distribution of moringa leaves 

had similar effect on digestibility and feeding value in sheep than soybean 

meal 

Table (11): Digestibility coefficients % of tested ingredients. 

Item Feedstuffs  

Fine MOS Coarse MOS CH + SE 

Digestibility coefficients%     

DM 73.90
a
 68.32

b
 69.88

 b
 1.35* 

OM 78.07
 a
 74.60

 b
 75.92

 b
 1.32* 

CP 65.50
 a
 58.22

 b
 62.20

 b
 1.21* 

CF 54.32
 a
 53.45

 a
 45.80

 b
 1.43* 

EE 67.75
 a
 64.17

 b
 68.20

 b
 1.15* 

NFE 48.05
 a
 46.61

 b
 47.67

 c
 1.08* 

NDF 67.14
 a
 65.16

 b
 60.35

 c
 1.17* 

ADF 65.20
 a
      63.09

 b
 58.66

 c
 1.09* 

Cellulose 75.18
 a
 73.08

 b
 68.64

 c
 1.30* 

Hemicellulose 73.52
 a
 69.71

 b
 56.31

 c
 1.26* 

Nutritive values, %     

TDN% 50.72
 a
 48.46

 b
 45.1

4 c
 1.14* 

DCP% 8.39
 a
 7.12

b
 8.14

 a
 0.32* 

Fine MOS: fine moringaoleifera stems, Coarse MOS: coarse moringa oleifera 

stems and CH: Clover hay.DM: Dry matter, OM: Organic matter; CF: Crude 

fiber; CP: Crude protein; EE: Ether extract, NFE: Nitrogen free extract, NDF: 

neutral detergent fiber, ADF: Acid detergent fiber and ADL: Acid detergent 

lignin. 

*a, b and c: Means in the same row with different superscript are significantly 

different (P<0.05). 

CONCLUSION 

Increase finesse increase power requirement for mean weight diameter for 

all type of hammer. Accordingly, it could be concluded that by increasing 

hammer speed from 10.5 m/s to 11.5 m/s the requirement increased by 

4.7%, 8.5% and 9.6 %. Flat blade impact hammer, modified blade 

hammer and impact crusher hammer respectively. It is cleared that the 

hammer types have fair by effect on power requirement. The most effect 

on shredder MWD recorded by impact crusher hammer. Impact crusher 
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hammer give the lowest MWD 2.55 mm at hammer speed of 11.5 m/s 

where in, flat blade impact hammer recorded the highest reading of 

MWD. It speeds by 10.5, 10.9 and 11.5 m/s were 3.1, 3.08 and 2.59 mm 

respectively for flat blade impact hammer. 10.5, 10.9 and 11.5 m/s were 

3.3, 3.02 and 2.66 mm respectively for modified blade impact hammer. 

And 10.5, 10.9 and 11.5 m/s were 2.7, 2.66 and 2.55 mm respectively for 

impact crusher hammer. 

Fine and medium grinded Moringa oleifera stalks had great potential as 

livestock feed for small ruminants holder, especially during dry season 

and it consider a good quality roughage compare to clover hay.  
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 الملخص العربى

بعض العوامل الهنذسيت المؤحرة على إعذاد مخلفاث نباث المورينجا لإستخذامت 

 فى علائق الحيوان

1
 - سحر السيذ أحمذ موسى

2
 أحمذ على محمذ سليمان

شجشة  ْٔٗ ،ًٕ فٗ الأجٕاء انًُبخٛت انًخخهفتحؼخبش شجشة انًٕسُٚجب أٔنٛفٛشا شجشة عشٚؼت انُ

يمبسَت يغ  انغٛش انخمهٛذةٔاػذة ٔحًخهك انمذسة ػهٗ أٌ حظبح يظذسا جذٚذا نهًٕاد انؼهفٛت 

غٛشْب يٍ يحبطٛم انؼهف راث الإَخبجٛت انؼبنٛت. ٔانًٕسُٚجب حُخج كًٛبث كبٛشة يٍ انبمبٚب انخٗ 

بؼذ انحظٕل ػهٗ أٔساق انًٕسُٚجب نلاعخخذاو انبشش٘،  حُخجحخكٌٕ يٍ انفشٔع ٔانغٛمبٌ انخٙ 

ٔنٓزا فإٌ الأْذاف انشئٛغٛت نٓزا انبحث ْٙ إػذاد بمبٚب انًٕسُٚجب  .يًب ٚخغبب فٙ يشبكم بٛئٛت

لإعخخذايٓب كًكًم غزائٙ نهحٕٛاَبث َظشا لأَٓب ححخٕٖ ػهٗ انؼذٚذ يٍ انؼُبطش انغزائٛت، 

خمهٛم حكهفت انؼهف. ٔفٙ انٕلج َفغّ انؼًم ػهٗ يُغ ٔيظبدس انبشٔحٍٛ ٔانفٛخبيُٛبث ٔرنك ن

بؼض انخٕاص انفٛضٚمٛت  حجٓٛضٔلذ حى  .حشاكى ْزِ انكًٛبث يٍ انًخهفبث ٔحهٕٚث انبٛئت

يٍ أجم  %(. 8ٔانًٛكبَٛكٛت ٔانخشكٛب انكًٛٛبئٙ نًخهفبث انًٕسُٚجب ػُذ يحخٕٖ سطٕبٗ )

مطٛغ بمبٚب انًٕسُٚجب لإعخخذايٓب انُٓذعٛت نهحظٕل ػهٗ أَغب الأطٕال نخ انؼٕايمححذٚذ 

كًكًم غزائٗ يُبعب نخغزٚت انحٕٛاَبث. فخى اعخخذاو يبكُٛت يظُؼت يحهٛب ، ٔرنك نغحك 

فٙ ْزِ انًبكُٛت  ًطبسقنٔطحٍ يخهفبث انًٕسُٚجب، ٔلذ حى اعخخذاو ثلاثت إَٔاع يخخهفت يٍ ا

نضٕضبء انظبدسة يٍ ٔسكض انبحث انحبنٗ ػهٗ يغخٕٚبث ا .نهٕطٕل لأَغب الأطٕال نهخغزٚت

انًبكُٛت ٔجضٚئبث انغببس انًهٕثت نهٕٓاء َخٛجت نغحك ٔطحٍ يخهفبث انًٕسُٚجب نضًبٌ علايت 

، انذلٛمت انًغخُشمت بٕاعطت انًشغمٔحى لٛبط كًٛت انجغًٛبث  .انًشغم ٔانحفبظ ػهٗ انبٛئت

 . انًبكُٛتٔانًُخجت يٍ 

1 
 دقى، جيزة. الزراعيت. ، مركز البحوث باحج، معهذ بحوث الهنذست الزراعيت

2 
 دقى ،جيزة. ،مركز البحوث الزراعيت ،معهذ بحوث الانتاج الحيوانى  أستار دكتور،

http://www.who.int/
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ٔلذ أظٓش انخحهٛم انًٛكشٔبٕٛنٕجٙ نٓزِ انجغًٛبث إحخٕاءْب ػهٗ كبئُبث دلٛمت يثم انبكخٛشٚب 

 انًٕسُٚجب أٔنٛفٛش انخظبئض انغزائٛت نغٛمبٌ َببحبث .ٔانخًبئش ٔانفطشٚبث ٔالأكخُٕٛيٛغُٛبث

أكبش  ببلطبس( انخشٍ)ٔيى  4.1ٗ حخيى  6.3ببلطبس يٍ  (يغ يغخٍٕٚٛ يٍ انطحٍ )انُبػى

حبو يشبغ لاحُٛٗ ٔدسٚظ انبشعٛى لذ حى دساعت حأثٛشْب فٗ حظًٛى  يى3.6حخٗ   يى 4.1

 انؼشٕائٛت ػهٗ انخحهٛم انكًٛبٖٔ ٔيؼبيلاث انٓضى ٔانمًٛت انغزائٛت ػهٗ انحٕٛاَبث انحٛت.

٪ نكم يٍ 40.68ٔ  48.81، 48.84لذ عجم  ٔأظٓشث انُخبئج أٌ يحخٕٖ انبشٔحٍٛ انخبو

يحخٕٖ عٛمبٌ  ػهٗ انخٕانٙ. عجم انبشعٛىدسٚظ ٔ يطحٌٕ عٛمبٌ انًٕسُٚجب انُبػًت ٔانخشُت

دسٚظ انبشعٛى، فٙ حٍٛ عجم دسٚظ  أػهٗ يٍ انًٕسُٚجب َغبت ػبنٛت يٍ الأنٛبف انخبو

، بًُٛب عجهج عٛمبٌ انًٕسُٚجب انًطحَٕت %0.48انًغخخهض الأثٛشَٖغبت ػبنٛت يٍ  انبشعٛى

انخشٍ ٪ نكم يٍ انًطحٌٕ انُبػى 1ٔ..6ٔ 4.60يٍ انًغخخهض الاثٛشٖ  يحخٕٖ يُخفض

. كبَج يكَٕبث الانٛبف انزائبت فٗ انٕعظ انًخؼبدل ٔالانٛبف انزائبت فٗ انٕعظ ػهٗ انخٕانٗ

يثٛهخٓب فٗ  نغٛمبٌ انًٕسُٚجب انًطحَٕت أػهٗ يٍ انحًضٗ ٔانهجٍُٛ ٔانغهٛهٕص ٔانًٓٛٛغهٛهٕص

عجم يطحٌٕ عٛمبٌ انًٕسُٚجب انُبػى أػهٗ لًٛت ْضًٛت فٗ طٕسة يشكببث  دسٚظ انبشعٛى.

%( ٚهٛٓب يطحٌٕ عٛمبٌ انًٕسُٚجب .8.0%( ٔ بشٔحٍٛ يٓضٕو )26.68انكهٛت انًٓضٕيت )

% 12.18ٕعطت )%( ، بًُٛب عجم دسٚظ انبشعٛى يشحهت يخ6.48% ٔ 18.13انخشٍ )

%( نكم يٍ انًشكببث انكهٛت انًٓضٕيت ٔبشٔحٍٛ يٓضٕو ػهٗ انخٕانٗ. ٔكشفج 8.41ٔ

بذسجت كبٛشة  انُخبئج أٌ عٛمبٌ انًٕسُٚجب يطحَٕت بذسجت َبػًت ًٚكٍ أٌ ٚغخخذيٓب انًشبٙ

كؼهف نهًجخشاث، خبطت خلال يٕعى انجفبف حٛث حؼخبش أػلاف خشُت راث جٕدةػبنٛت 

 .شعٛىيمبسَت بذسٚظ انب

 

 


