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Abstract. In this study, physical and chemical properties of sugar factory waste (sugar beet seed wastes) were determined. The following parameters were 
analyzed: pH, EC, organic matter, C:N ratio, total concentrations of N, P, K, Ca, Mg, Fe and Mn, and the content of Cd, Cr, Ni, Pb, Cu and Zn. The EC values of 
waste material were 8.96-10.25 dS/m. pH values varied from 4.96 to 7.30. Organic matter content changed between 86.54 and 89.02%. C:N ratio changed 
from 18.68 to 24.49. Total N content varied from 2.10 to 2.70%. Waste material contains different quantities of plant nutrients (N, P, K, Ca, Mg, etc.). The 
physicochemical characterization is important when planning the use and management of organic waste. Heavy metal concentrations of seed waste were 
below the regulatory limits of Turkey and the European Union. Finally, the compost from sugar factory waste products is of good quality and suitable for use as 
fertilizer in agriculture.
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Introduction

Agriculture-based industries produce a vast amount of residues 
every year. If these residues are released in the environment without 
proper disposal procedure, that may cause environmental pollution 
and harmful effect on human and animal health. Most of the agro-
industrial wastes are untreated and underutilized, therefore in most 
reports it is disposed of either by burning, dumping or unplanned 
landfilling (Sadh et al., 2018). These wastes cause a serious 
disposal problem (Rodríguez-Couto, 2008). As far as the 
composition of these agro-industrial residues are concerned, they 
have high nutritional prospective, therefore they are getting more 
consideration for quality control and also categorized as agro-
industrial by-products (Graminha et al., 2008).

There is a need to characterize these organic materials to 
substrates suitable for agricultural usage. Compostable material 
should be evaluated. On the other hand, knowledge about the 
properties of organic residues may help determine the proportions of 
these materials to produce substrate and container media for plant 
growth (Higashikawa et al., 2010). For this reason, it is necessary to 
determine the most suitable waste management. Composting is a 
sustainable waste management practice that converts any volume 
of accumulated organic waste into a usable product. When organic 
wastes are broken down by microorganisms in a heat-generating 
environment, waste volume is reduced, many harmful organisms 
are destroyed, and a useful, potentially marketable, product is 
produced (Sequi, 1996; Shilev et al., 2007).

One of the most effective means of recycling any significantly 
better than the controlled compost organic wastes for agricultural 
use is by means of piles, depending on the season and combination 
of composting. Composting provides a way in which solid wastes, 
water quality, and agricultural concerns can be joined. Benefits of 
compost to the food industry: reduces solid waste disposal fees; 

ends wasting large quantities of recyclable raw ingredients; 
educates consumers on the benefits of food waste composting; 
markets your establishment as environmentally conscious and 
markets your establishment as one that assists local farmers and the 
community (Shilev et al., 2007). 

The physical and chemical properties of organic wastes and the 
factors that affect their performance in composting require easily 
identifiable and reliable methods to control the process in situ, in 
order to make proper decisions about its performance (Hurerta-Pujo 
et al., 2010). In general, wastes from the food processing industry 
have some common characteristics (Mao, 2016):

(a) large amounts of organic materials such as proteins, 
carbohydrates, and lipids; 

(b) large amounts of suspended solids depending on the 
source;

(c) high biochemical oxygen demand (BOD) or chemical 
oxygen demand (COD);

(d) high nitrogen concentration;
(e) high suspended oil or grease contents, and 
(f) high variations in pH. 
In addition, most of these wastes have higher levels of the 

above stated pollution terms than municipal sewage (Kroyer, 1995).
As the beet-seed industry develops in many country, several 

additional by-products of the sugar beet will deserve attention, 
namely, the seed beets after they have gone to seed, seed stalks, 
and refuse seed. The seed stalks also represent a large amount of 
waste material. In Europe efforts have been made to utilize the seed 
stalks by chopping them up and mixing them with some of the waste 
molasses for stock food, but owing to their dry, fibrous condition they 
do not seem to be satisfactory for this purpose (Townsend, 1909). 
Whether or not any practical use can be found for them remains to be 
determined.

In Turkey, several factories produce sugar. One of them is 
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Konya Şeker factory, where the quantity of the byproduct for a year is 
about 200 t. Currently, these waste materials are dumped in heaps in 
the vicinity of the sugar factories and are in practice not used. In this 
way, the valuable nutrients and energy contained in the waste are 
not only not used, but also can create problems with environmental 
pollution. Given that the by-products of sugar factories are valuable 
organic waste for agriculture, we conducted this study which 
purpose was to characterize the physical and chemical properties of 
sugar factory beet seed wastes and to evaluate the agronomic 
potential of produced compost from these materials.

Materıal and methods

Waste materials were obtained from Konya Şeker Limited, 
Konya, Turkey. Beet seed waste is composed of grinding residues. It 
is a soft, amorphous, brown, material which contains fiber, 
coagulated colloids, inorganic salts. It constitutes more than 200 
tons per year. Samples were taken seven times between November 
2016 and March 2017 at random sampling method. 

The waste samples were analyzed for basic physicochemical 
properties using standard procedures: pH and electrical conductivity 
(EC, mS/cm) were determined by using a pH-meter (WTW pH 320) 
and EC-meter (WTW LF 320) according to the waste extract at a 
waste/deionized water ratio of 1:5 (v/v). The organic matter (OM, %) 
content was determined by the loss on ignition at 550°C and organic 
carbon (OC, %) was analyzed by the Walkley-Black method. Total N 
(%) was determined using a Buchi K-437/K-350 diges-
tion/distillation unit according to the Kjeldahl method. Total P (mg/kg) 
was determined by the vanadomolybdophosphoric method The 
cation concentrations (Na, %; K, %; Ca, mg/kg and Mg, mg/kg) of the 
samples were determined by the flame emission method using an 
Eppendorf Elex 6361 model flame photometer. 

The concentration of metals (Cd, Cr, Ni, Pb, Fe, Cu, Zn and Mn, 
mg/kg) was determined after the microwave assisted digestion with 
HNO . Metals were analyzed in the extracts using ICP OES (Perkin 3

Elmer OPTIMA 2100 DV). 

Results and discussion

Physico-chemical properties, C/N ratio, organic matter (OM), 
organic carbon (OC) and macronutrient contents of substrates are 
presented in Table 1. It could be seen that the pH values ranged from 
4.96 to 7.30 for waste according to the sampling time. This pH range 
is in the optimum range for growing media as mentioned by Bunt 
(1988) who stated that the optimal range of pH is from 5.2 to 7.3. The 
composting process is relatively indifferent to pH, within the limits 
commonly found in mixtures of organic materials. Its importance is 
especially sensitive for substrates rich in nitrogen, where high values 
favour the conversion of nitrogen bound to organic compounds and 
ammonia nitrogen volatilization as ammonia (Rynk, 1992). 
According to De Bertoldi et al. (1983), organic material can be 
composted in a broad pH range (3–11). Optimum pH values are 
between 5.5 and 8. Values around neutrality are optimum for 
microorganism development. However, fungi are more tolerant to 
distant neutral pH than bacteria. The pH may decrease in the first 
stage of composting, due to the organic acids release during the 
decomposition of simple organic substrates, and volatilization of the 
initial ammonia. Thereafter, the disappearance of easily degradable 
organic materials and mineralization leading to an increase in pH 

(McKinley and Vestal, 1985). At the end of composting, it is also 
+possible to end in an acidic pH due to H  ions released during 

nitrification (Fang and Wong, 1999). In reality, the changes in the pH 
depend significantly on the raw materials and any additives 
component of the initial mixture as reported by Eklind and 
Kirchmann (2000) in the case of compost made from waste wood 
and paper. The use of compost in agriculture in Turkey has no limit to 
the pH value.

Salts in the form of mineral ions are naturally present in all 
composts and normally concentrate somewhat during composting. 
Salt may pose limitations for soil application, since plants have 
varying sensitivities. There is little agreement on how to classify salts 
in composts and what, if any, limits should be set. Australia's new 
compost standards impose a salt limitation for soil application 
between 1 and 12 mS/cm (Brinton, 2000). The EC values of seed 
waste changed between 8.96 and 9.94 mS/cm. The EC also affects 
the quality of composts in a large way because it reflects their salinity 
and suitability for crop growth. This parameter increased after the 
active phase probably due to the release of soluble salts like 
ammonium and phosphate resulting from the decomposition of 
easily biodegradable organic substrates (Brandon et al., 2008). 
Plant species have a salinity tolerance rating and maximum 
tolerable quantities are known. Excess soluble salts can cause 
phytotoxicity to plants. Compost may contribute to, or dilute, the 
cumulative soluble salts content of a growing media or soil.

Seed waste organic matter (OM) content changed between 
86.54 and 89.02%. The total organic matter should be decreased 
during the process of composting by the mineralization of organic 
matter by microbes (Grigatti et al., 2004). Organiс carbon content of 
seed waste changed between 50.22 and 51.26%. Organic carbon is 
one of the main constituents of composted organic wastes (Azim et 
al., 2017). Raw green wastes contain 20 to 30% of total organic 
contain (TOC) (Riffaldi et al., 1986; Vallini et al., 1993), 25 to 50% for 
household waste (Avnimelech et al., 1996) and 30 to 40% in sludge 
(Diaz-Burgos et al., 1993; Ayuso et al., 1996; Bernal et al., 1998). 
The TOC content decreases during composting because of 
microorganisms degradation of organic substances necessary for 
their metabolism, leading to their mineralization as carbon dioxide 
(CO ).2

C:N ratio ranged from 18.68 to 24.49 for waste according to the 
sampling time. The most important elements required for microbial 
decomposition are carbon and nitrogen. Carbon provides an energy 
source and the building material representing 50% of the microbial 
cell biomass. Nitrogen is a critical component of the proteins, nucleic 
acids, enzymes, and coenzymes necessary for cell growth and 
function. To set the optimum amounts of these two elements it is 
necessary to consider the C:N ratio of each compost ingredient. The 
ideal C:N ratio for composting is generally considered to be around 
30:1. During the composting, the C:N ratio gradually decreases from 
30:1 to 10–15:1 at the final product, because two thirds of the carbon 
of the organic compounds consumed by the microorganisms is 
converted to carbon dioxide (Albrecht, 2007). The rest is 
incorporated together with the nitrogen into the microbial cell  (Shilev 
et al., 2007). Recommended C:N ratio for finished compost is 15-18. 
Chefetz et al. (1996) and Namkoong et al. (1999) explain that 
compost characterized by a ratio of 10 to 15 can be considered 
stable although the final ratio depends significantly on the initial 
materials used. The obtained values are considered suitable for 
composting. 
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Table 1. Some physical and chemical properties of seed wastes

Properties
Samples  (November 2016-March 2017)

1 2 3 4 5 6 7

pH

EC, mS/cm

OM, %

Organic C, %

N, %

Protein,%

C/N ratio

P, mg/kg

K, %

Ca, mg/kg

Mg, mg/kg

Na, %

Fe, mg/kg

Cu, mg/kg

Zn, mg/kg

Mn, mg/kg

Cd, mg/kg

Cr, mg/kg

Ni, mg/kg

Pb, mg/kg

7.30

9.28

87.98

51.06

2.10

13.12

24.31

941.1

1.78

1691.8

2800.2

1.52

92.72

12.30

21.93

75.64

0.196

0.790

1.46

0.585

4.96

9.94

86.54

50.22

2.35

14.68

21.41

1130.6

2.62

2203.7

3625.4

1.77

102.4

15.94

30.06

82.44

0.193

0.676

5.32

0.676

5.27

9.26

87.45

50.76

2.65

16.61

19.17

781.4

2.68

4346.4

5971.9

12495

951.1

19.89

36.15

125.1

0.183

2.269

7.231

2.067

5.22

10.25

87.04

50.51

2.70

16.90

18.68

1019.2

3.11

3074.0

4323.0

11007

159.8

12.24

28.15

81.2

0.198

1.691

1.672

1.181

5.27

8.96

88.01

51.08

2.17

13.61

23.49

998.0

3.08

3321.1

4399.5

11016

188.9

12.94

30.93

82.4

0.215

1.623

2.408

0.506

5.28

9.08

88.22

51.20

2.09

13.06

24.49

935.9

2.74

3536.1

4333.3

13652

615.4

13.98

27.34

74.8

0.238

2.149

2.238

1.903

5.64

9.77

89.02

51.67

2.36

14.77

21.86

985.7

2.55

2504.7

4714.9

12713

112.0

13.08

36.99

79.5

0.234

1.510

2.059

0.808

Table 2. Heavy metal limits in European compost and digestate standards (Saveyn and Eder, 2014)

Heavy metals

European Standard

(Directive 2008/98/EC)

Turkish Standard

(Anonymous, 2018)

Concentration

mg/kg

Organic agriculture Concentration

mg/kg

Present study

Cd

Cr

Cu

Hg

Ni

Pb

Zn

As

a0.7-4.0

70-500

70-800

0.4-1.5

25-150

45-500

200-4000

trace-20

b0.7

70

70

0,4

25

45

200

trace

3.0

350

450

5.0

120

150

1100

-

0.183-0.238

0.676-2.269

12.24-19.89

-

1.46-7.23

0.585-2.067

21.93-36.99

-

 a. tradional agriculture, b. highest value for using organic agriculture
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Seed waste N contents changed between 2.09 and 2.70%. The 
nitrogen (N) in composts is mainly present as organic nitrogen, 
which is less available to plants. During composting, organic 
nitrogen of waste is mineralized mainly into ammonium and nitrate 
when nitrification is achieved (Larsen and McCartney, 2000). Three 
forms of mineral nitrogen are relevant in compost: ammonia (NH -4

N), nitrite (NO -N) and nitrate (NO -N). The concentration of these 2 3

three forms is evaluated during the composting process. NH -N is 4

the first form of mineralized nitrogen found in compost when the 
organic material is decomposed. NH -N is soluble in water and when 4

the moisture content becomes too low, the NH -N is lost as it will be 4

formed into gaseous NH  (ammonia). During the curing process, 3

nitrification is ongoing and the NH -N is transformed into NO -N. If 4 3

oxygen starvation happens during the curing phase or the storage, 
bacteria can use the oxygen of NO  and transform it back to nitrite 3

(NO , toxic for the plants) or to nitrous oxide (N O, strong 2 2

greenhouse gas). NO -N is an intermediate, phytotoxic product 2

arising during the nitrification. It can also be a result of the 
denitrification process by oxygen starvation at the end of the curing 
process or from compost storage (Van der Wurff et al., 2016).

Seed waste P contents changed beetween 781.4 and 1130.6 
mg/kg. K content changed between 1.78 and 3.11%. The seed 
wastes also contain other plant nutrients, which values are given in 
Table 1. There are limited publications available on the P availability 
from composts. Phosphorus content of compost can vary 
considerably and is dependent on feedstock. The release rate is 
affected by the biological stability of the compost, with stable 
compost having lower levels of water-soluble P. Water soluble P is 
the main pathway of P leaching in the environment. The release of P 
from compost is in a slow release form.

Phosphorus added to soil in organic wastes or crop residues 
represents an important source of P for plant growth, as well as a 
potential source of soluble P which may be lost in runoff or leaching. 
Fresh plant residues may quickly release P in soil whereas more 
stable forms of organic matter (such as composts) generally act as 
long-term slow release sources of phosphorus. Accurate 
determination of compost mineralization is necessary for users to 
comply with a nutrient management plan. Nutrient management 
plans require that fertiliser equivalents of manures and composts be 
used when determining the total nutrient application to soils (Prasad, 
2009). The type of organic wastes composted and the method of 
composting may affect the P availability in compost to plants. 
Accurate prediction of P availability and plant P recovery may help 
tailor compost applications to plant needs and minimize the build-up 
of bioavailable P which can contribute to eutrophication of sensitive 
water courses (Magette et al., 2007).

The results of the heavy metal analysis are compared to the 
European and Turkish standards (Table 2). Heavy metal contents of 
waste materials have been studied extensively (Dimambro et al., 
2006; Lopes et al., 2011; Khan et al., 2016).  Lopes et al. (2011) 
presented an environmental risk assessment of reusing organic 
waste of differing origins and raw materials as agricultural fertilizers 
in an inventory of the heavy metal content in different organic wastes 
(i.e., compost, sludge, or manure) from more than 80 studies at 
different locations worldwide.

Trace metals are elements whose concentrations are regulated 
due to the potential toxicity to humans, animals, or plants. Of all 
potential quality standards, heavy metals have been the focus of 
most attention. Thus, it is useful to explore the details of these 
standards country by country, beginning with an overview of the 
range of standards that are evident. These data of permissible metal 
ranges reveal significant variation within Europe (Brinton, 2000). 

Heavy metal concentrations of seed waste were below the 
regulatory limits of Turkey and the European Union.

Conclusion

This study was carried out to determine some physical and 
chemical properties of sugar factory waste (sugar beet seed 
wastes). The obtained results indicate that the pH value ranged from 
4.96 to 7.30 and EC values ranged from 8.96 to 10.25 dS/m 
according to the sampling time. The organic matter ranged from 
86.57 to 89.02%. The C:N ratio ranged from 18.68 to 24.49%. The 
total nitrogen, phosphorus and potassium content ranged from 2.10 
to 2.70%, 781.4-1130.6 mg/kg and from 1.78 to 3.11%, respectively. 
Heavy metal concentrations (Cd, Cr, Ni, Pb, Fe, Cu, Zn, Mn) of waste 
were below the limit values of the European Union and Turkey 
Regulations. Generally, the compost from sugar beet seed waste is 
a good quality by stidied parameters and it's suitable for a fertilizer in 
agriculture. Composting of by-products from sugar factories needs 
future investigations. 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows:  Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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