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Abstract  

Dairy products contain high level of minerals and organic materials. The disposal of these materials is 
a source of environmental pollution and recourses loss. Recycling of expired dairy products is the ideal 
practical solution for an integrated ecosystem. Thus, a greenhouse trails were carried out to investigate 
the effectiveness of natural fertilizer extracted from expired dairy products. Expired dairy products pow-
der (EDPP) was applied to wheat (Triticum aestivum vulgar) plants grown on pots filled with a sandy 
soil. The experiment contained three treatments: (C) control without any fertilization, (IF) inorganic 
fertilization (a mixture of inorganic fertilizers at a rate of 500 mg N + 150 mg P + 100 mg K /pot) and 
(EDPP) at a rate of 1% (10 g/pot). EDDP increased the degree of soil aggregation and water holding 
capacity by 24 and 38% in comparison to inorganic fertilization. The measured soil quality characteris-
tics were improved as a result of the EDDP addition and this led to a remarkable improvement in wheat 
growth. EDPP elevated all the recoded growth parameters of wheat and increased the total chlorophyll 
by 22% in comparison to the IF treatment. The application of EDPP significantly raised N, P and K 
uptake by 45, 73 and 95% compared to IF. EDPP minimized the pH of the soil by 10% and raised the 
availability of N, P and K by 54, 67 and 14 in comparison to the IF treatment. EDPP fertilizer caused a 
remarkable increase in wheat growth and improved soil properties. Based on the obtained results, the 
expired dairy products powder can be used as an organic fertilizer.
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1. Introduction

Milk must have a very special interest in scientific 
studies because it is one of the most important human 
foods. The total world milk production was about 692 
million tonnes in 2010 and may reach 827 million 
tonnes in 2020 (APPT, 2013). The global distribution 
of the world milk production in 2010 was as follow: 
South America 6.1%, Asia Pacific 10.6 %, Eastern 
Europe 13.0%, North America 15.3%, India 16.3%, 
Western Europe 21.3% and Rest of the world 17.4% 
(APPT, 2013). Developing countries give one-third of 
the world milk production (Al-Rohily, 2010). Egypt 
accounted for 16.4% of Africa and Middle East dairy 
market in 2010 (APPT, 2013). The importance of dairy 
industry in Egypt comes from that it represents about 
47% of the total companies engaged in agriculture and 
food industries (RAC/CP, 2002). Egypt produces 32.3 
million tonnes of fresh milk yearly and this product 
is the major dairy product followed by cheese (FAO-
STAT, 2015 and RAC/CP, 2002). Egyptian dairy fac-
tories give 4.1 and 2.8 million tonnes of cheese and 
yogurt yearly (RAC/CP, 2002). 
Milk is rich with food compounds needed by the hu-
man body and contains 12.87% total solids, 4.28% 
fat, 8.59% solid not fat, 3.43% protein, 0.74% ash 
and 4.43% lactose (Teshome, 2015). Nitrogen in milk 
is also found in two forms, namely protein (3.5%) 
and non-protein nitrogen (3-8%) (Ribadeau and 
Grappin, 1989; Teshome, 2015). The concentrations 
of Ca, P, Mg, K, Na and Cl are 107-133, 63-102, 
109-160, 144-178, 40-58, 90-106 mg/100g respec-
tively, and the concentrations of S, Fe, Cu, Mn and 
Zn are 32, 30-70, 2-30, 1.3-4.0 and 74-145 µg/100g, 
respectively (Simun, 2012).
The safety of food is everybody’s concern and the 
disposal of expired food products is one of the most 
important principles that must be taken into account 
to preserve human health (WHO, 2015). Disposal of 

expired products are one of the most important problem 
face the dairy industry. Expired dairy products e. g., 
milk, cheese and yoghurt must be returned to factories 
and must be disposed off as soon as possible when the 
expiration period expires (Dansted, 2016). There are 
different disposal methods for dairy products e. g., ap-
plication to agriculture land, solidification and disposal 
at a permitted municipal solid waste landfill, haul to a 
permitted wastewater treatment stations and discharge 
to a permitted sanitary sewer (IDEM, 2002). The dairy 
products contain high amount of organic compound 
and elements which may be useful for plant nutrition 
(Teshome, 2015 and Simun, 2012) and the disposal of 
these materials in these ways is a major economic loss 
and non-recycling of these wastes threatens environ-
mental disasters. The high levels of organic matter and 
nutrients encourage the recycling of wastes to be used 
for organic fertilization of agricultural lands (Adriano 
et al., 2012; Chrysargyris and Tzortzakis, 2015). The 
application of organic fertilizers to the soils improves 
the quality and availability of plant nutrients and in-
creased the yield and economic returns (Scotti et al., 
2015; Eissa, 2017). The organic fertilization is an ef-
fective tool in agriculture management and a low-price 
way to improve soil quality (Scotti et al., 2015). 
The present research introduces a new way to recy-
cling the expired dairy products as an organic fertil-
izer. Moreover, the study aims to evaluate the newly 
discovered fertilizer as an organic soil amendment. 

2. Materials and Methods

2.1. Preparation of organic fertilizer from expired 
dairy products powder (EDPP)

Three types of expired dairy products were chosen 
for this study i.e., milk, yogurt, and cheese. Low fat 
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protein powder was extracted and prepared for fertil-
ization of wheat plants in a pot experiment. Expired 
liquid milk was separated using centrifugal separators 
(Alfa-laval 104, made in Sweden, 16000 Rpm) for 
one minute and then skimmed milk was collected and 
placed in open petri dishes to be dried in ovens with 
60 oC and then dried milk was ground. Low fat protein 
was extracted from expired yoghurt by using gravity 
separation method after dilution with hot distilled wa-
ter (80 oC) at a ratio of 1:3 (yoghourt: hot distilled wa-
ter). Distilled water and yoghurt were mixed well with 
a blender and then the mixture was covered and left 
on bench for 8 hours without stirring. Three different 
layers were observed i.e., fat, water, and protein re-
spectively from the surface to the bottom. The fat lay-
er was removed and protein was filtered using clean 
fine clothes to get rid of excess liquid, then it was dis-
tributed in petri dish and dried in hot oven at 60 oC for 
drying until it is completely dried (36 hours). Low fat 
protein was extracted from expired cheese by using 
the same method applied in yoghurt with a dilution 
ratio of 1:7 (cheese: hot distilled water 80 oC). Dried 
low fat protein collected from those different expired 
dairy products was mixed and grinded. In the current 
study, low fat protein was extracted from milk, yogurt, 
and cheese to be used in wheat fertilization due to its 
high nutrients contents especially, nitrogen. The other 
parts of the separation processes contain high levels 
of fat and were used in animal nutrition experiment.

2.2. Pot experiment   

This trail was conducted to evaluate the low fat protein 
powder as an organic fertilizer. The pot experiment 
contained three treatments i. e., i) control without any 
fertilization, ii) inorganic fertilization (a mixture of 
inorganic fertilizers at a rate of 500 mg N + 150 mg 
P + 100 mg K /pot), and iii) expired dairy products 
powder (1% equal to 10 g EDDP/pot). The amount of 

nitrogen, phosphorus and potassium in the inorganic fer-
tilization and EDPP treatment was equal. Each treatment 
was mixed with the soil before cultivation. Commercial 
inorganic fertilizers of urea (46% N), super phosphate 
(15.5% P2O5) and potassium sulphate (48% K2O) were 
used in the second treatment. 
The sandy soil used for the greenhouse trail was brought 
from the surface layer (0-20 cm) of El-Ghorieb soil 
which belongs to the farm of Assiut University, Egypt. 
The data in Table 1 show some physical and chemical 
characteristics of the experimental site. The collected soil 
sample was spread in the greenhouse to air-dry and then 
ground and sieved by a 2-mm sieve and blended by hands 
before located in one kg plastic pots. Five sides of wheat 
(Triticum aestivum vulgar, c.v. Solala 6) were placed in 
every pot and after two weeks, plants were thinned to 
three plants. Pots were irrigated to near filed capacity. 
Plant height and number of tillers were recorded after 
60d of planting then plants were removed and fresh and 
dry weights were recorded. The dried plant samples were 
kept for the determination of nitrogen, phosphorus and 
potassium. Soil samples were taken from each treatment 
to determine some soil physiochemical properties.

 

 
                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 

 

Soil properties Value 
Clay (g kg−1) 50  
Silt (g kg−1) 50  
Sand (g kg−1) 900  
Texture Sandy 
Water holding capacity (%) 12  
Degree of soil aggregation (%) 38  
Bulk density (g/cm) 1.80 
Porosity (%) 32  
CaCO3 (g kg−1) 12  
CEC (cmol kg−1) 15  
pH (1:2) 8.05  
EC (1:1) (dS m−1) 2.5  
Organic carbon (g kg−1) 4.0 
Total nitrogen (mg kg−1) 120 
Available nitrogen (mg kg−1) 20  
Available Olsen P (mg kg−1) 3.35 
Available−K (mg kg−1) 100  

Each value is the mean of three replicates 

Table 1. Some chemical and physical properties of 
the studied soil. 
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2.3. Soil analysis

Some physiochemical properties of the studied soil 
were determined according to Page et al. (1982). 
Analysis of soil (texture, total carbonate, cation ex-
change capacity (CEC), salinity, pH, soil organic mat-
ter (SOM), total nitrogen, and available phosphorus 
and potassium) were determined by standard meth-
ods (Page et al., 1982). The pH of the soil samples 
was measured in 1:2 soil to water suspension using a 
digital pH meter (pH meter Model 211, Hanna Instru-
ments, Romania). Salinity of soil was determined by 
EC-meter method (Page et al., 1982). Available soil 
nitrogen was extracted by 2 M KCl. 
Available and total N were measured by kjeldahl 
method (Page et al., 1982). Available P was ex-
tracted by  NaHCO3 (0.5 M and at pH 8.5) and  
phosphorus was determined by spectrophotom-
eter (Page et al., 1982). Ammonium acetate (1 N) 
was used to extract the available soil K (Page et 
al., 1982). The degree of soil aggregation is de-
fined as the percentage of clay inside the soil ag-
gregates to the percentage of total clay in soil and 
was calculated from the difference between %clay 
after dispersion and %clay before dispersion dived 
by %clay after dispersion (Lemmermann, 1934). 
Soil bulk density (Bd) was measured by the ring 
method (Page et al., 1982) and was expressed as 
g/cm3. Total soil porosity (%TP) was calculated 
from the equation: TP (%) = 100 x (1-Bd/Pd), where 
Bd refers to bulk density (g/cm3) and Pd refers to 
particle density (2.65 g/cm3). Water holding ca-
pacity (WHC) was determined by the gravity flow 
method described by Haney and Haney (2010) and 
calculated by the equation: 

%WHC =
(Wet weight –  Oven dried weight)

Oven dried weight × 100 

2.4. Plant analysis

The aboveground parts of wheat plant were cut from 
each pot and were used to study some growth pa-
rameters and uptake of N, P, and K. All the collected 
samples were cleaned, washed with tap and distilled 
water, air dried, and then dried in oven at 70 oC until 
constant weight, ground and stored for chemical anal-
ysis. To determine the N, P, and K in plant uptake, 2.0 
g of each sample were digested by H2O2 and H2SO4 

method (Parkinson and Allen, 1975). Nitrogen, phos-
phorus and potassium in the digest was analyzed the 
above mentioned methods (Page et al., 1982). Chlo-
rophyll content was measured in 80% acetone extract 
(Arnon, 1949). 

2.5. EDPP analysis

The pH of EDPP was measured directly 1:2 powder 
to water suspension while the salt concentration was 
measured by EC-meter in the extract of powder and 
water at ratio of 1: 5. Total organic carbon was mea-
sured by 1 N K2Cr2O7 (Page et al., 1982). To deter-
mine the total elemental composition (N, P, and K), 
2 g were digested by H2O2 and H2SO4 (Parkinson and 
Allen, 1975), then N, P and K content was measured 
by the above mentioned methods. The EDDP used in 
the current study has the following characteristics: pH 
= 4.85, soluble salts = 3.70 dS m−1, 450 g of organic 
carbon kg−1, 50 g N kg−1, 15.1 g P kg−1 and 10 g K kg−1. 

2.6. Data analysis

The pot experiment contained three treatments and 
each one was replicated four times. The pot experi-
ment was arranged in Complete Randomized Design 
(CRD). The one-way ANOVA was run by SPSS soft-
ware (version 15) to test the statistically significant 
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difference between the three treatments. Moreover, 
Duncan test (at 5% probability) was performed to 
compare between means of the tested treatments. 

3. Results

3.1. Response of wheat growth to the different fertil-
ization treatments

Some wheat growth parameters were recorded during 
this pot experiment to evaluate the response of wheat 
to the inorganic fertilizers (IF) in comparison to the 
organic fertilizer extracted from the expired dairy 
products (EDPP) and the data are shown in Figures 
1, 2, 3 and 4. According to the recorded data of wheat 
growth (height of plants, tillers number, biomass 
yield, and chlorophyll content), EDPP caused a sig-
nificant (P < 0.05) increase in the growth of 60 days 
old wheat. The height of 60d-old wheat fertilized with 
EDPP was higher by 17% than that received the inor-
ganic fertilization (Figure 1 A). Number of tillers per 
pots as affected by the  tested  treatments is shown in

Figure 1-B. Fertilization of wheat plants by the EDPP 
enhanced the tillering rate by 60% compared to the in-
organic fertilization. The biomass yield of wheat plants 
was also affected significantly (P < 0.05) by the tested 
treatments. Fresh and dry weights of wheat plants shoot 
grown in the soil amended with 1% of EDPP were high-
er by 17 and 29% respectively, in comparison with that 
received the inorganic fertilization (Figure 2 A and B). 
The root growth of wheat was significantly affected by 
the addition of 1% EDDP (Figure 3 A and B). The ap-
plication of EDDP induced remarkable increases in the 
fresh and dry weights of roots. EDDP increased the FW 
and DW of wheat roots by 60 and 80% in comparison 
with the control and by 33 and 36% in comparison with 
the inorganic fertilization. The addition of 1% EDPP to 
soil raised the height of plants, tillers number and the 
biomass yield of wheat plants. Total chlorophyll was 
measured in the shoot tissue of 60d-old wheat and the 
data are shown in Figure 4. EDPP caused significant 
increases in the value of total chlorophyll; this increase 
was 27% in comparison to the control soil and 22% in 
comparison to the inorganic fertilization treatment.

Figure 1.A) Plant height and B) number of tillers as affected by the different fertilization treatments
C= control, IF= inorganic fertilization, EDPP= Expired dairy products powder. Means (± SD, n=4) denoted by the same letter 

indicate no significant difference according to Duncan’s test at P<0.05
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Figure 2. A) Fresh and B) dry weights of wheat shoots as affected by the different fertilization treatments
C= control, IF= inorganic fertilization, EDPP= Expired dairy products powder. Means (± SD, n=4) denoted by the same letter 

indicate no significant difference according to Duncan’s test at P<0.05
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Figure 3. A) Fresh and B) dry weights of wheat roots
C= control, IF= inorganic fertilization, EDPP= Expired dairy products powder. Means (± SD, n=4) denoted by the same letter 

indicate no significant difference according to Duncan’s test at P<0.05
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Figure 4. Total chlorophyll (mg / g fresh weights) as affected by the different fertilization treatments
C= control, IF= inorganic fertilization, EDPP= Expired dairy products powder. Means (± SD, n=4) denoted by the same letter 

indicate no significant difference according to Duncan’s test at P<0.05

3.2. Impact of EDDP and inorganic fertilization on 
nutrients availability and uptake by wheat plants

Nitrogen, phosphorus and potassium uptake by 60d-
old wheat was evaluated to study the effect of EDPP 
and inorganic fertilization on nutrients uptake and the 
data are shown on Table 2. The application of EDPP 
significantly enhanced the uptake of N, P and K and

remarkable changes in the recorded data were found. 
The uptake of N, P and K by wheat fertilized with 
EDPP raised by 45, 73 and 95% compared with that 
fertilized with the inorganic fertilizers. EDPP applied 
to the studied soil raised the availability of N, P and 
K by 54, 67 and 14% in comparison to that amended 
with the inorganic fertilizers.

 
 

 
Nutrients availability (mg kg−1) 

 
Nutrients Uptake (mg pot−1)         

 
Treatments   N         P        K                  N           P        K         

C 22 c 3.0 c 80 c  86 c 14 c 17 c 
IF 130 a 15 b 120 b  133 b 33 b 44 b 

EDPP 200 b 25 a 137 a  193 a 57 a 86 a 
 

Table 2. Nutrients availability and uptake by wheat plants
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3.3. Impact of EDDP and inorganic fertilization on 
some physiochemical characteristics of the studied 
soil

The effects of EDDP on some physiochemical proper-
ties of the soil were studied to follow the changes in 
soil conditions and the data are shown in Table 3. The 
data show the effect of EDPP and inorganic fertiliza-
tion on the pH of the soil, organic carbon (OC) and 
cation exchange capacity (CEC). EDPP application 
caused significant (P < 0.05) effects on the soil pH, 
OC and CEC. EDPP increased the OC and CEC by 56 

and 33% compared to IF treatment. EDPP reduced the 
soil pH by 11% compared to IF. Remarkable changes 
were found in the recorded physical properties of the 
soil amended by EDDP. EDDP significantly decreased 
the soil bulk density by 23% in comparison with the 
soil fertilized by the inorganic fertilizers. Moreover, 
EDDP induced great significant increases in the water 
holding capacity (WHC), degree of soil aggregation 
(DSA) and total soil porosity (TSP). EDDP increased 
the WHC, TSP and DSA by 38, 47 and 30% respec-
tively, in comparison with control soil (Table 3).

 
Treatments pH EC 

−1dS m 
OC   

−1g kg 
CEC 

−1cmol kg 
dB 
−1g cm %DSA %TSP %WHC 

C 7.89 a 2.0 c 5.2 b 16.0 b 1.70 a 40 b 34 c 13 b 
IF 7.82 a 2.8 b 5.5 b 17.1 b 1.70 a 42 b 39 b 13 b 

EDPP 7.04 b 3.4 a 8.6 a 22.8 a 1.30 b 52 a 50 a 18 a 
 

 

Table 3. Some physiochemical characteristics of the soil after plant harvest

 C= control, IF= inorganic fertilization, EDPP= Expired dairy products powder

 OC= organic carbon, CEC= cation exchange capacity, Bd= bulk density, DSA= degree of soil aggregation,

 TSP= total soil porosity and WHC= water holding capacity,  Means denoted by the same letter indicate no significant difference 

according to Duncan’s test at P<0.05

4. Discussion 

The current research paper aims to evaluate the effect 
of natural organic fertilizer which derived from expired 
dairy products on wheat cultivated on a sandy soil. The 
application of organic fertilizer derived from the ex-
pired dairy products increased the growth and nutrients 
uptake by wheat. Moreover, the examined fertilizer 
showed great effects on improvement of physiochemi-
cal characteristics of the studied soil. It is well known 
that the application of organic amendments increased 
the accumulation of dry matter and enhanced the 
plant growth (Akande et al., 2010; Olaniyi  et  al. 

2010; Malik et al., 2013, Eissa, 2016; Amin and Essa, 
2017). In the current study the application of EDDP in-
creased all the recorded growth parameters i.e., plant 
height, number of tillers and biomass yield of wheat 
plants. Moreover, the application of EDDP induced 
a 22% increase in the total chlorophyll in leaves of 
wheat plants. Yield and photosynthetic characteristics 
of wheat were increased by organic fertilization (Ji-
ang et al., 2004). The EDDP used in the current study 
contains a high level of organic carbon (450 g kg−1). 
Fertilization of plants by organic compounds may 
enhance the growth of plants by rising availability of 
nutrients e. g., nitrogen, phosphorous and potassium 



Journal of Soil Science and Plant Nutrition, 2018, 18 (3), 694-704

702       Eissa et al.

in soil (Eissa, 2016; Jiang et al., 2004) and by increas-
ing the ability of soil to store water in available form 
(Baldock and Skjemstad, 1999; Zhang and Marschner, 
2017). Great increase in available soil phosphorus 
was recorded by the study of Al-Rohily et al. (2013) 
as result of organic fertilization. This increase may be 
due to: the formation of complex between dissolving 
organic matter and phosphorus (Garg and Bahl, 2008), 
the release of CO2 during the decomposition of organic 
materials and the reaction of soil organic matter with 
soil Ca+2 which led to reduce P fixation (Tolanur and 
Badanur, 2003). The ability of plant to uptake nutrients 
is influenced by the root size and distribution (Wang 
et al., 2006). In the current study, the application of 
EDDP caused more than 33% increase in root growth 
compared to the inorganic fertilization and this may ex-
plain the high increase in nutrients uptake by wheat. 
Eissa (2016) reported that organic fertilization of okra 
increased the root growth and nutrients uptake. 
The application of EDDP enhanced the studied phys-
iochemical characteristics of the soil. Each one kilo-
gram of EDPP used in the current study contains 450 
g of organic carbon and this may explain the increases 
in soil organic carbon by 56% and the soil cation 
exchange capacity by 33% in comparison to the in-
organic fertilization. The cation exchange capacity 
(CEC) is one of the most important characteristics 
determine the behavior of organic material in soil 
(Murphy, 2014). CEC of organic compound ranged 
between 200 to 400 cmol kg−1 dry weight and this 
value is very higher than the CEC of some soil clay 
minerals e. g., kaolinite (10 cmol(+) kg-1) and smectite 
(25 -100 cmol kg−1)  (Moore, 1998). Sandy textures 
lands are always low in soil organic matter (SOM) 
and clay minerals and therefore have low cation ex-
change capacities (Murphy, 2014). Thus, the raising 
of SOM concentrations seriously enhances soil CEC, 
especially in the case for sandy texture (Mujiyati and 
Supriyadi, 2009). In the current study, SOM increased 

by 65% when the soil was amended by 1% of EDDP 
compared to the control soil. EDDP induced great in-
creases in SOM which may lead to control soil water 
relationships characteristics, manage soil aeration, 
increase soil structure stability and raised the soil cat-
ion exchange capacity (Suryantini, 2002; Baldock and 
Skjemstad, 1999). The application of EDDP increased 
the degree of soil aggregate, total soil porosity and wa-
ter holding capacity by 38, 47 and 30% respectively, in 
comparison with control soil. The recorded increases 
in the data of soil quality well have positive effects on 
wheat plant growth (Suryantini, 2002; Baldock and 
Skjemstad, 1999). The growth as and leaf nitrogen N, 
P, and K content increased with the application of or-
ganic amendments (Garg and Bahl, 2008; Al-Rohily et 
al., 2013; Eissa, 2016). Organic amendments are good 
sources for plant nutrition, provide soil microorgan-
isms by energy and can induce great positive increases 
in soil quality (Suryantini, 2002).

5. Conclusions

Dairy products contain high level of plant nutrients 
and organic compounds. The disposal of these materi-
als is a source of environmental pollution and recours-
es loss. The protein content part was gravitationally 
separated from expired dairy products and after oven 
drying it was used as a soil amendment. A greenhouse 
experiment was conducted out to investigate the ef-
fect of natural organic fertilizer which derived from 
expired dairy products on wheat cultivated on a sandy 
soil. The tested amendment caused great significant 
increases in the water holding capacity, degree of soil 
aggregation and total soil porosity. Moreover, it en-
hanced the availability and uptake of N, P and K. The 
remarkable improvement of soil quality induced an 
increase in wheat growth. Expired dairy products can 
be converted to an organic amendment and this is the 
ideal practical solution for an integrated ecosystem.
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