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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, efc.). 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.

Keywords: sugar beet seed waste, compost, physico-chemical parameters, heavy metals

Introduction

Agriculture-based industries produce a vastamount 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 (Rodriguez-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 etal., 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, itis 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 etal., 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;

* e-mail: bbasik@uludag.edu.tr

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 etal., 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 Seker factory, where the quantity of the byproduct for a yearis
about2001t. Currently, these waste materials are dumped in heapsiin
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.

Material and methods

Waste materials were obtained from Konya Seker 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 atrandom 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
EppendorfElex 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
Elmer OPTIMA2100 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 5.2t0 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
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(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). Organic 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,).

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
30:1to 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
etal., 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.



Table 1. Some physical and chemical properties of seed wastes

Samples (November 2016-March 2017)

Properties

1 2 3 4 5 6 7
pH 7.30 4.96 5.27 5.22 5.27 5.28 5.64
EC, mS/cm 9.28 9.94 9.26 10.25 8.96 9.08 9.77
oM, % 87.98 86.54 87.45 87.04 88.01 88.22 89.02
Organic C, % 51.06 50.22 50.76 50.51 51.08 51.20 51.67
N, % 2.10 2.35 2.65 2.70 2.17 2.09 2.36
Protein, % 13.12 14.68 16.61 16.90 13.61 13.06 14.77
CIN ratio 24.31 21.41 19.17 18.68 23.49 24.49 21.86
P, mglkg 941.1 1130.6 7814 1019.2 998.0 935.9 985.7
K, % 1.78 2.62 2.68 3.1 3.08 2.74 2.55
Ca, mg/kg 1691.8 2203.7 4346.4 3074.0 3321.1 3536.1 2504.7
Mg, mg/kg 2800.2 3625.4 5971.9 4323.0 4399.5 4333.3 47149
Na, % 1.52 1.77 12495 11007 11016 13652 12713
Fe, mg/kg 92.72 102.4 951.1 159.8 188.9 615.4 112.0
Cu, mg/kg 12.30 15.94 19.89 12.24 12.94 13.98 13.08
Zn, mgkg 21.93 30.06 36.15 28.15 30.93 27.34 36.99
Mn, mg/kg 75.64 82.44 125.1 81.2 82.4 748 795
Cd, mg/kg 0.196 0.193 0.183 0.198 0.215 0.238 0.234
Cr, mg/kg 0.790 0.676 2.269 1.691 1.623 2.149 1.510
Ni, mg/kg 1.46 5.32 7.231 1.672 2.408 2.238 2.059
Pb, mg/kg 0.585 0.676 2.067 1.181 0.506 1.903 0.808
Table 2. Heavy metal limits in European compost and digestate standards (Saveyn and Eder, 2014)

European Standard Turkish Standard
(Directive 2008/98/EC) (Anonymous, 2018)
Heavy metals Concentration Organic agriculture Concentration Present study
ma/kg ma/kg

Cd 0.7-4.0° 0.7° 3.0 0.183-0.238
Cr 70-500 70 350 0.676-2.269
Cu 70-800 70 450 12.24-19.89
Hg 04-15 04 5.0 -
Ni 25-150 25 120 1.46-7.23
Pb 45-500 45 150 0.585-2.067
Zn 200-4000 200 1100 21.93-36.99
As trace-20 trace -

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,-
N), nitrite (NO,-N) and nitrate (NO,-N). The concentration of these
three forms is evaluated during the composting process. NH,-N is
the first form of mineralized nitrogen found in compost when the
organic material is decomposed. NH,-N is soluble in water and when
the moisture content becomes too low, the NH,-N is lost as it will be
formed into gaseous NH, (ammonia). During the curing process,
nitrification is ongoing and the NH,-N is transformed into NO,-N. If
oxygen starvation happens during the curing phase or the storage,
bacteria can use the oxygen of NO, and transform it back to nitrite
(NO,, toxic for the plants) or to nitrous oxide (N,O, strong
greenhouse gas). NO,-N is an intermediate, phytotoxic product
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 Wurffetal., 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 compostis 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 etal., 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
differentlocations 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).
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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
496 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
t02.70%, 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
agood 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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