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ABSTRACT: Experiments were carried out to evaluate the performance of hammer milling 

machine for producing untraditional poultry feeds by recycling hatchery by-product wastes. To fulfill 

the objective of this research work, some operating parameters affecting the performance of the 

hammer milling machine were taken into consideration, four hammer revolving speeds (1000, 1500, 

2000 and 2500 rpm), two sieve hole diameters (2 and 4 mm) and three feed rates (0.05, 0.07 and 0.09 

Mg/hr.). Evaluation of the hammer milling machine was carried out taking into consideration fineness 

degree, machine productivity, microbiological tests, energy requirements, and operational cost. The 

obtained results revealed that machine productivity, fineness degree microbiological tests, energy 

requirements, and operational cost were in the optimum region under conditions of 2500 rpm hammer 

revolving speed, 4mm sieve hole diameter and 0.09 Mg/hr., feed rate, while the other feed rate from 

0.05 Mg/hr., to 0.07 Mg/hr., and 0.09 Mg/hr., and the other speeds (1000, 1500, 2000 and 2500) rpm. 

Key words: Hatchery wastes, poultry feeds, hammer mill.  

INTRODUCTION 

Increasing poultry production is one realistic 
means of increasing the production of animal 
protein to meet greater demand due to population 
pressure. Feeding is one of the most serious 
problems facing poultry producers, which 
consumed about 70% from the total cost of 
production. Feeding problem can be solved by 
selecting the proper poultry diet in the 
acceptable phase. In Egypt there are shortage in 
animal feedstuff by about 3.5 million ton yearly 
and a great importance is paid to search for new 
sources of feeds for poultry to save the 
conventional classical ingredients for human 
consumption, Converting wastes of hatchery 
processing plants into non-conventional feedstuffs 
still a major problem in Egypt. On the other hand, 
the potential of hatchery by-product wastes 
reach about 328 million ton/year (Ministry of 
Agriculture and Land Reclamation, 2017). 

In recent years, poultry by-product meals 

have been examined in poultry diets as a non-

conventional source and to substitute or 

supplement for expensive conventional feed. 

Hatchery by-product meal provides a good 

potential as calcium, fiber, fat and protien 

sources for poultry feeding, to minimize 

environmental pollution. Its of a great 

importance to give a more attention to increase 

the efficiency of processing operation through, 

controlling the processing conditions and 

transferring the appropriate technology to the 

hatchery-house, by taking into consideration the 

technological and economical aspects. 

Hatchery by-products usually include unhatched 

eggs, unsalable chicks and eggshells that could 

be used as poultry diets for hens and growing 

chicks. Shahriar et al. (2008) reported that 

protein from hatchery waste flour have high 

biological value, a good balance of amino acids, 

as well as more competitive prices compared to 

soybean and fish meal. They added that the 

utilization of hatchery wastes after proper 

processing has two advantages. First, it is a 
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useful and economical source of nutrients for 

poultry. Second, it reduces the pollution. 

Mehdipour et al. (2009) reported that hatchery 

waste has a good nutrient content, i.e. crude 

protein (33.1%), fat (29%), crude fiber (12.1%), 

calcium (25.62%) and phosphorus (1.47%). 

Serrano et al. (2013) reported that the 

nutritional content of the hatchery waste that 

consisting of eggs shell, infertile eggs and un-

hatched eggs have a water content of ± 60%, 

crude protein of ± 20% and crude lipid of ±9%. 

Those are supporting factors for the growth of 

microorganisms. 

Both hammering and rolling can achieve the 

desired result of achieving adequately ground 

ingredients, but other factors also need to be 

looked at before choosing the suitable method to 

grind. Mavromichalis et al. (2000) reported that 

hammer milling is commonly used in commercial 

feed mills to reduce the particle size of the grain. 

The hammer mill utilises metal arms that grind 

the grain by pushing it through a metal screen, 

with particle size altered through the use of 

different screen sizes. Current commercial screen 

sizes can vary depending on the range of animal 

feed being produced. Austin (2002) reported 

that hammer mills utilize impact loading to 

break down larger-sized particles into smaller-

sized particles, while hammer mill performance 

is dependent on the initial particle size, moisture 

content, material properties, feed rate, and 

machine variables, the most important property 

is the moisture content of the feed material. 

Yancey et al. (2013) reported that the most 

common mechanical preprocessing technologies 

focus on size reduction and include hammer and 

knife milling/grinding, chipping, shredding and 

ball roller milling. Hammer mills use large 

rotating drums with protruding metal bars (i.e., 

hammers) that impact the material at high 

velocity to shatter and tear material particles. 

Typically, the metal bars swings freely from the 

drum, but fixed hammers are also common in 

hammer mill designs. Hammer mills have a 

wide application in size reduction because of 

their simple design, ruggedness and versatility. 

Few investigators studied the effect of using 

hatchery by-products (unhatched eggs, egg 

shells and unsalable chicks) instead of animal 

calcium and protein sources in poultry diets. 

They concluded that, hatchery by-products 

could replace meat and bone meal in chick diet 

up to 8% of total dietary protein. 

The samples of hatchery wastes was put 

inside the autoclave. After closing in autoclave, 

the air was vented and the pressure raised as 

quickly as possible to the required level of steam 

pressure (cooking pressure) 225 K Pa. for 15 

min after reaching the pressure. Then the 

pressure was released and the autoclave allowed 

to reach the atmospheric level. Samples of 

cooked were dried in the sun for three days, and 

the dried material was ground in a local hammer 

mill. 

So, the following study was conducted to 
evaluate the performance of hammer milling 
machine for producing untraditional poultry 
feeds. 

The specific objectives of the present 
investigation are: 

- Recycling hatchery by-product wastes for 
producing untraditional poultry feeds. 

- Utilizing the hammer milling machine for 
preparing poultry diets. 

- Optimizing some different operating parameters 
affecting the performance of the hammer 
milling machine. 

MATERIALS AND METHODS 

Laboratory and field experiments were 

carried out during the seasons of 2017 and 2018 

at Gemmiza Animal Production Research 

Station, Gharbia Governorate, Egypt to evaluate 

the performance of hammer milling machine for 

producing untraditional poultry feeds by 

recycling hatchery by-product wastes. 

Materials 

The used hatchery wastes  

The hatchery wastes (unhatched eggs, egg 

shells and unsalable chicks) were used to be 

milled using the milling machine and then 

mixed with feed additives. These wastes were 

obtained from a local hatchery plant, approximately 

one day after processing operation. 

The milling machine 

A local hammer mill (fixed beaters-type) was 

used for grinding hatchery by-product wastes 
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(Fig. 1). While specifications of the used milling 

machine were tabulated in Table 1. 

The milling machine consists mainly of 

power source, grinding unit and chassis. 

Power source 

Electrical motor of 1.5 hp (1.2 kW) was used 

as a power source. The motor speed was 

changed manually by changing the The motor 

pulley. The motor pulley was 9.1 cm diameter.  

The milling unit 

The milling unit consists of the following parts: 

- The feeding hopper: it has dimensions of (30× 
34) cm hole and 42 cm height. 

- The milling drum: The milling drum pulley 
8.7 cm diameter was used for grinding 
hatchery wastes. The milling drum was 
powered by the electric motor through pulley 
and belt. While specifications of the used 
milling drum were tabulated in Table 2. 

- The sieves: Two sieves were used. The first 
one was with 2mm sieve hole diameter while 
the second was with 4mm sieve hole diameter. 

- The outlet feeder: it had dimensions of (21× 
21 cm) and its height from the ground 40 cm 
was suitable for packing the milled hatchery 
wastes. 

The chassis 

The chassis was formed from 5 cm beams 
and had 45 cm width and 65 cm length. 

Methods 

Experiments were carried out to study and 
evaluate the performance of the hammer milling 
machine under different operational parameters. 

Experimental conditions 

To fulfill the objective of this research work, 

some operating parameters were taken into 

consideration.  

- Four different hammer revolving speeds (1000, 

1500, 2000, and 2500 rpm) corresponding to 

(16.6, 25, 33.3, and 41.5 m/sec.) 

- Two different grinding sieve hole diameters (2 

and 4 mm) 

- Three different hatchery wastes feed rates 

(0.05, 0.07, 0.09 Mg/hr.) 

The samples of hatchery wastes was put 

inside the autoclave. After closing in autoclave, 

the air was vented and the pressure raised as 

quickly as possible to the required level of steam 

pressure (cooking pressure) 225 KPa. for 15 min 

after reaching the pressure. Then the pressure 

was released and the autoclave allowed to reach 

the atmospheric level. Samples of cooked were 

dried in the sun for three days, and the dried 

material was ground in a local hammer mill 

(Hegazy et al., 2002). 

Measurements 

The hammer milling machine was evaluated 

taking into consideration the following 

indicators:  

Particle size distribution 

The eggshells granulation and sieve analysis 

were determined using a laboratory automatic 

sieve shaker (PaSakha Teraoka – type SNF-7 

Japan made) as follows: After milling all 

sample, a 250 grams of milled sample was 

placed on the top of sieves and the shaker was 

run for 5 minutes, using a sieve series of 0.7, 

1.4, and 2 mm round holes, respectively. After 

each test period the percentage of through and 

over tails were recorded.   

Finally the mean weight diameter (MWD) was 

determined according to the following equation: 

n

i ii

i-n

.X .W
MWD= .......(1)

W


 

Where: 

MWD: the mean eggshell diameter, mm.       

Xi: the mean diameter of each division, mm. 

Wi-n: the sample mass of each division, g. 

Machine productivity 

Machine productivity was calculated using 

the following formula: 

Machine productivity (Mg/hr.) 
PM

=
T

 …...(2) 

Where: 

MP=milled mass (Mg) 

T = the time consumed in operation (hr.) 
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Table 1. Specifications of the milling machine   

Type Hammer mill 

Made Egypt 

Hammers No. 12 

Screen size (2 and 4) 

Power source Single phase    (electric motor) 

Power req, Hp (kw) 1.5 (1.2 kW) 

Operating speed, rpm 1000,1500,2000,2500 

Overall length, cm 65 

Overall width, cm 45 

Overall height, cm 102 

 

Table 2. Specifications of the milling drum 

Type of beaters beaters 

Diameter, cm 28 

Width, cm 21 

No. of rows 4 

No. of beaters/row 3 

beater dimensions 12 cm long x 5 cm wide x 1 cm thickness 

 

 

 

Fig. 1. A sechmatic diagram of the hammer mill machine 

1- hopper, 2- electric motor, 3-belt, 4- motor pulley, 5- drum pulley, 6-bearing, 7- chassis, 8- wheels, 9- outlet hole, 

10- concave, 11- drum, 12- grinding room. 
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P= 3×η×cos φ×I×V/1000 ........(3)

Specific energy requirements 

The consumed power for cocking and milling 

operations was estimated using super clamp 

meter (700-k type). The consumed power was 

estimated according to (Kurt, 1979) as follow: 

  
 

Where: 

P = total consumed power under machine 

working load, kW    

I = line current strength in Amperes 

V = potential difference (voltage) being equal to 

380 V 

 = mechanical efficiency assumed (80 %) 

cos φ = power factor (was taken as 0.7). 

Specific energy requirements in (kW.hr./Mg) 

were calculated using the following equation:  

Specific energy requirements (kW.hr./Mg) = 

Consumed power (kW)/ Machine productivity 

(Mg/hr.). 

Operating cost 

Machine cost was determined according to 

the conventional method of estimating both 

fixed and variable costs according to price level 

of 2018. 

The operating cost was determined using the 

following formula. 

Operating cost (LE/Mg) = Machine cost 

(LE/hr.)/Machine productivity (Mg/hr.). 

Final milled hatchery wastes quality 

The final milled hatchery wastes quality was 

determined based on microbiological tests. 

Microbiological tests were performed in the 

laboratories of Animal health Research Institute, 

Ministry of Agriculture, the samples were 

infected by E. coli, Proteus, and yeasts. 

RESULTS AND DISCUSSION 

The discussion will cover the obtained results 

under the following heads: 

Particle Size Distribution 

Figs. 2 and 3 illustrate the granulation data 

and fineness degree of the milled hatchery 

wastes as affected by the interactions between 

the studied factors.  

Results in Fig. 2 show that increasing 

hammer revolving speed, and decreasing sieve 

hole diameter tended to increase the percentage 

of fineness degree of the milled product. 

The results also showed that at similar 

operational conditions the values of fineness 

degree were higher using 2 mm sieve hole 

diameter compared with fineness degree 

produced from 4 mm sieve hole diameter.  

The results also showed that, at any hammer 

revolving speed from 1000 to 2500 rpm, the 

highest degree of fineness (< 0.7 – 1.4) was 

obtained using 2 mm sieve hole diameter 

comparing with fineness degree produced from 

4 mm sieve hole diameter. Meanwhile, the 

medium degree of fineness (1.4 – 2.0), was 

always achieved with 4 mm sieve hole diameter 

at any hammer revolving speeds. 

Results in Fig. 3 indicate that the mean 

weight diameter (MWD) was affected by 

hammer speed and sieve hole diameter. The 

results also showed that during milling process, 

increasing hammer revolving speeds decreased 

the MWD of milled hatchery wastes. The MWD 

under feed rate 0.05 Mg/hr., where 1.35, 1.295, 

1.24 and 1.2 for speeds 1000, 1500, 2000, and 

2500 rpm, respectively for 2 mm sieve hole 

diameter, while the corresponding values were 

2.520, 2.440, 2.373 and 2.3, respectively for the 

same speeds with 4 mm sieve hole diameter. 

Also The MWD under feed rate 0.07 Mg/hr., 

where 1.265, 1.21, 1.185 and 1.16 for speeds  

1000, 1500, 2000 and 2500 rpm, respectively for 

2 mm sieve hole diameter, while the 

corresponding values were 2.400, 2.353, 2.290 

and 2.199 respectively for the same speeds with 

4 mm sieve hole diameter. Also the MWD under 

feed rate 0.04 Mg/min where 1.195, 1.142, 

1.102 and 1.045 for speeds 1000, 1500, 2000 

and 2500 rpm, respectively for 2 mm sieve hole 

diameter, while the corresponding values were 

2.325, 2.250, 2.187 and 2.080, respectively for 

the same speeds with 4 mm sieve hole diameter. 
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Fig. 2. Effect of different hammer revolving speeds and sieve hole diameters on the fineness 

degree under different feed rates 
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Fig. 3. Effect of hammer revolving speeds and sieve hole diameters on the mean weight diameter 

under different feed rates 
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Machine Productivity 

Fig. 4 illustrate the machine productivity of 
the milled eggshells as affected by the 
interactions between the studied factors. 

The results indicated that increasing hammer 
revolving speeds from 1000 to 2500 rpm (16.6 
to 41.5 m/sec.) caused a corresponding increase 
in the machine productivity, meanwhile, the 
machine productivity decreased as sieve screen 
size decreased from 4 to 2 mm.  On other wards, 
the results showed that at 2500 rpm hammer 
revolving speed, the machine productivity under 
feed rate 0.05 Mg/hr., increased from 0.081 to 
0.147 Mg/hr. also the machine productivity 
under feed rate 0.07 Mg/hr., increased from 
0.096 to 0.172 ton/hr. Also the machine 
productivity under feed rate 0.09 Mg/min were 
increased from 0.130 to 0.198 Mg/hr., as the sieve 
size increased from 2 to 4 mm. This increase in 
machine productivity with increasing hammer 
revolving speeds and sieve hole diameter may be 
attributed to the increase in the fineness degree 
of milled eggshell and increase the particle 
kinetic energy acquired by the hammers impact 
which giving it more ability to throughput from 
the sieve and this in turn increased the machine 
productivity. 

Specific Energy Requirements 

Fig. 5 illustrate the milling specific energy 
requirements under different operational 
parameters.  

It can be seen that increasing hammer revolving 
speeds caused a corresponding increase in the 
power requirements at all sieve hole diameters 
in the range of 2 to 4 mm. The same trend of 
increase in power requirements as a function of 
decreasing sieve hole diameter was also noticed 
at all hammer speeds in the range of 1000 to 
2500 rpm. 

It can be seen that increasing hammer revolving 
speed and decreasing sieves hole diameter cause 
a corresponding increase in the specific energy 
requirements for both sieves under study. 

While the specific energy requirements 
decrease slightly as hammer revolving speed 
increase from 1000 to 2500 rpm for both sieves 
under study. This decrease in energy by 
increasing the speed of hammer may be due to 
the increase in machine productivity. 

Operating Cost 

A detailed cost analysis of different elements 
included in hatchery wastes processing operation 
was carried out in order to evaluate the economical 
feasibility of eggshell processing. In this study 
two parameters were calculated as the absolute 

total cost including both fixed and variable costs 
per hour according to price level of 2019. 

On other words, the difference between the cost 
of processing hatchery wastes and the commercial 
price of animal feed was found large. Thus, 
using the modified method for preparation and 
conversion hatchery wastes (as calcium, fat and 
protein source) may be saved of the total ration 
cost, moreover, minimizing the environmental 
pollution. 

Fig. 6 illustrate the milling cost (LE/Mg) under 
different operational parameters. The results 
showed that different hammer revolving speeds, 
sieve hole diameter and feed rate. It can be seen 
that increasing hammer revolving speeds and 
increasing sive hole diameter caused a decrease 
in the operation cost (LE/Mg). 

On other wards, the results showed that at 
2500 rpm hammer revolving speed, the cost 
under feed rate 0.05 Mg/hr., decreased from 
283.95 to 165.46 LE/Mg., also the cost under 
feed rate 0.07 Mg/hr., decreased from 239.58 to 
133.72 LE/ton. Also the cost under feed rate 
0.09 Mg/hr., decreased from 176.92 to 116.16 
LE/Mg., as the sieve size increased from 2 to 4 
mm. 

Microbiological Evaluation 

Microbiological tests were performed in the 
laboratories of Animal health Research Institute, 
Ministry of Agriculture, and were carried out to 
assess the intensity of microbiological infect 
before and after processing. The results of the 
microbiological tests indicated that before 
processing, the samples were infected by E. coli, 
Proteus, and yeasts. Meanwhile,  the samples 
taken from hatchery by-product after cooking in 
autoclaving operation were save and completely 
free from bacteria, diseases sources, and all 
salmonella kinds. This result is in line with that 
of Hegazy et al. (2002). 

Conclusion 

Experiments were carried out to evaluate the 
performance of hammer milling machine for 
producing untraditional poultry feeds by 
recycling hatchery by-product wastes.  

The obtained results revealed that machine 
productivity, fineness degree microbiological 
tests, energy requirements, and operational cost 
were in the optimum region under the following 
conditions: 

- 2500 rpm hammer revolving speed. 

- 4 mm sieve hole diameter.  

- 0.09 Mg/hr., feed rate. 
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Fig. 4. Effect of hammer revolving speed and sieve hole diameter on the machine productivity 

under different feed rate 
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Fig. 5. Effect of hammer revolving speeds and sieve hole diameters on the energy requirements 

under different feed rate 

Feed rate 0.05 Mg/hr. 

E
n

er
g
y
 r

eq
u

ir
em

en
t 

(k
W

.h
r.

/m
g
)

 

Hammer revolving speed (rpm) 

Feed rate 0.07 Mg/hr. 

Feed rate 0.09 Mg/hr. 

Hammer revolving speed (rpm) 

Hammer revolving speed (rpm) 

E
n

er
g
y
 r

eq
u

ir
em

en
t 

(k
W

.h
r.

/m
g
)

 

 
E

n
er

g
y
 r

eq
u

ir
em

en
t 

(k
W

.h
r.

/m
g
)

 

 



 
Zagazig J. Agric. Res., Vol. 46 No. (4) 2019 

 

1113 

 

 

 

 

 

Fig. 6. Effect of hammer revolving speeds and sieves hole diameters on the operating cost under 

different feed rates 
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 ٍذٌة نهذواجهدراسات هىذسٍة عهى إعادة تذوٌر مخهفات معامم انتفرٌخ إلوتاج أعالف غٍر تقه 

أحمذ جمال محمذ سالمة 
1
محمذ محمذ مراد حسه - 

1
كرٌم انسٍذ صانح حجازي - 

2
 

 يظش –عبيؼخ انضلبصٌك  –كهٍخ انضساػخ  –لغى انُٓذعخ انضساػٍخ  -1

 يظش -انغٍضح  –انذلى  –يشكض انجحٕس انضساػٍخ  –يؼٓذ ثحٕس انُٓذعخ انضساػٍخ  -2

أحذ انؼٕايم االلزظبدٌخ ٔانشئٍغٍخ فً يغبل رشثٍخ انذٔاعٍ حٍش رغشي ثٓذف ػًهٍخ انزفشٌخ انظُبػً نهجٍض  رؼزجش

ْزِ انًخهفبد ٌزى انزخهض يُٓب إيب ، ْزا ٌُٔزظ ػٍ يؼبيم انزفشٌخ يخهفبد، صٌبدح اإلَزبط انذاعًُ ٔرهجٍخ احزٍبعبد انغٕق

كًب أكذد ، رهٕس كجٍش نهجٍئخثبنحشق انًجبشش أٔ ثبنذفٍ يًب ًٌضم ػتء ػهى أطحبة انًؼبيم ثبإلضبفخ إنى حذٔس 

ػهف غٍش رمهٍذي ٌزًٍض  ٍظجحانذساعبد انغبثمخ إيكبٍَخ االعزفبدح يٍ لشٕس انجٍض كجذٌم نًظذس انكبنغٍٕو فً انؼهٍمخ ن

ٔنًب كبَذ دسعخ انغشػ نمشش انجٍض رخزهف رجؼبً نُٕع انًغششخ َٔظشٌخ رشغٍهٓب فئٌ ْزِ انذساعخ ، ثغٕدرّ ٔسخض صًُّ

شبئغ االعزخذاو فً يضاسع انذٔاعٍ ٔرنك نذساعخ ثؼض انؼٕايم انزشغٍهٍخ نًطشلً ااء آنخ عشػ يٍ انُٕع أد رٓذف نزمٍٍى

نًطشلً اأداء آنخ عشػ يٍ انُٕع أعشٌذ انزغشثخ نذساعخ ثؼض انؼٕايم انًؤصشح ػهً ، انًؤصشح ػهى كفبءح طحٍ انمشش

رى ، ثألم انزكبنٍف إَزبعٍخهحظٕل ػهً أػهً رنك نٔانًغششخ انزً رؤصش ػهً أداء  أنًغزخذيّنًؼشفخ اَغت انؼٕايم 

 -1666( )لٍمخنفخ/د 2511 – 2111 – 1511 – 1111يغزٌٕبد نغشػخ دٔساٌ انًطبسق ) أسثغرحذ  انًغششخاعزخذاو 

 1610ٔ 1610 ،1615يى( ٔصالس يؼذالد رغزٌخ ) 4 – 2ٔيمبعٍٍ نمطش فزحبد غشثبل انطحــٍ ) و/س 4165 -3363 -25

احزٍبعبد دسعخ انُؼٕيخ نهًُزظ انًطحٌٕ ٔاإلَزبعٍخ ٔ كًب رى لٍبط أداء انًطحُخ أخزا فى االػزجبس كم يٍ( عبػخ/يٍغبعشاو

، كًب رى رمٍٍى الزظبدٌبد انزشغٍم نُالد انًغزخذيخ فً رُفٍز انذساعخ، دساعخ خٕاص انغٕدح نًغحٕق انمشش انُبرظٔانطبلخ 

ضجظ  ضم إَزبعٍخ ٔألم ركبنٍف رشغٍم رزحمك رحذ ظشٔف انزشغٍم اَرٍخ:لذ أظٓشد انُزبئظ أٌ أفضم دسعخ َؼٕيخ ٔأفٔ

اعزخذاو لطش فزحبد ٔ /عبػخيٍغبعشاو 1610 ضجظ يؼذل رغزٌخ انمشش ػُذ، لٍمخ/دنفخ 2511بسق ػُذ عشػخ دٔساٌ انًط

 6يى 4انغشثبل ثًمبط 
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