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Olive production has been carried out in Turkey for many years. Olive is an important product in Turkey in
terms of both production amount and economic value. Olives and olive oil obtained from olives have been important
nutrients for humans for centuries. In olive production, which has a very important place in the country’s economy,
in addition to main products such as olive oil and table olives and olive oil, solid and liquid by-products such as
“Pirina” and “Blackwater” are formed in olive oil factories. Against pomace, which can be evaluated economically,
black water is left indiscriminately to the environment. Most of the wastes that occur on average as 200 billion
tons each year are either left to nature as garbage or used as fuel, animal feed or fertilizer with a little processing.
Environmental pollution that appears with increasing industrialization and population, and the economic consumption
used to eliminate pollution cause wastes to become a biomass problem. Olive black water contains sugars, organic
acids, polyalcohols, pectins, colloids, tannins and lipids. Valuable products can be produced by biotechnological
conversion from solid and liquid wastes from the olive oil industry.

IIpousBoacTBy onuBok B Typuuu yxe MHOTO J1eT. OJTUBKH SBJIAIOTCS BaKHBIM IMPOIYKTOM B TypIIUH ¢ TOUKH
3peHusl Kak 00beMa MPOMU3BOJCTBA, TAK U IKOHOMUYECKOH 1eHHOCTH. OJMBKH M OJMBKOBOE Macllo, IOJy4aeMoe
U3 OJIUBOK, HA NPOTSDKEHUH BEKOB ObUTM BaKHBIMH IUTATEILHBIMU MTPOYKTaMHU JUIsl YelloBeKa. B nmpousBojcTee
OJIUBOK, KOTOPOE 3aHUMAaeT OYEHb BaKHOE MECTO B YKOHOMHKE CTPaHBbI, IOMUMO OCHOBHBIX ITPOYKTOB, TAKUX KaK
CTOJIOBBIE OJINBKU M OJJMBKOBOE MACJIO, TBEPABIE U KHUJIKHUE TOOOYHBIE TPOLYKTHI, Takue Kak « Kmbix» n « CTouHbIE
BOJIbI» 00pa3yolrecs Ha 3aBOJax [0 NPOU3BOJICTBY OJIMBKOTBOTO Maciia. B oTiiuue ot KkMbIXa, KOTOPIA MOYKHO
OLICHHUTH C YKOHOMHUYECKOI TOYKH 3pEHHsI, CTOUHBIE BOJIbI O3 pa3z0opa 0CTaloTCs B OKpysKarollei cpeze. boibima-
CTBO OTXOJ/IOB, 00pa3yoUIMXcs B cpepHeM B KoiruecTBe 200 MUJUIMAp/I0B TOHH B IOJl, OCTAIOTCS B BUJIE MycCOpa,
100 UCIIOJB3YIOTCSl B Ka4eCTBE TOIUIMBA, KOpMa JUIsl )KUBOTHBIX MIIM YIOOpEHUH ¢ HeOOJIbIIONW nepepaboTKOM.
3arpsa3HeHue OKpYXKaoLIeH cpeabl, KOTOPOE MOSBIAETCS C POCTOM HMHIYCTPHATU3AIMKA U HACEICHMS, IKOHOMHU-
4yeckoe NoTpellieHne, UCIIONb3yeMOoe [Ulsl YCTPaHEHHs 3arpsi3HEHUsI, IPUBOAUT K TOMY, YTO OTXOZbI CTAHOBSITCS
npoOiiemoit Gnomacchl. CTOYHbIE BOAIBI, 00pa3yIoIIMeCcs IPU IPOU3BOICTBE OJIMBKOBOIO Maclia, COAEpIKaT caxapa,
OpPraHUYeCKHE KUCIIOTBI, IOJIUCIHUPTI, IEKTUHBI, KOJUIOU/IbI, AyOUIIbHBIE BEIECTBA U JIUIHIbL. LIeHHbIE TPOSYKTHI
MOTYT OBITB ITOJIy4Y€HBI ITyTeM OMOTEXHOJIOTHYECKOH KOHBEPCUH TBEP/IBIX M )KUAKHX OTXO/I0B POU3BOJICTBA OJIMB-
KOBOTO Macia.

Keywords: olive, processing, olive by-products, waste, blackwater, prina (pomace)

Kniouegvie cnosa: macnuna, 00paboTKa, I0OOUHbIC MPOLYKTHI IPH IPOM3BOACTBE MACIUH, OTXO/bI, CTOUHbIE BOJbI,
KMBIX (BBDKUMKH).
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It is obtained by mechanical means from the fruits of the evergreen tree Olea europaea. Olive fruit contains 35-70 %
oil in dry matter. Olive oil is one of the oldest and most important oils in the world (Nas et al. 1992). The food industry has

a wide working area and high production capacity in terms of raw material sources used. As a result of production, high
amounts and various types of waste are generated. It is also important to evaluate these wastes and to recover the valuable
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components they contain in relation to the increasing environmental problems. Creating a waste awareness for this sector
will also contribute to our country economically (Yikar et al. 2006).

Olive black water; contains sugars, organic acids, polyalcohols, pectins, colloids, tannins and lipids. Valuable
products can be produced by biotechnological transformation from solid and liquid wastes from the olive oil industry
(Sener and Unal, 2008).

a. Fleshy part (Mesocarp): It makes up 65-83 % of the grain. It contains water, oil, sugar, polysaccharides, protein,
pectin, organic acid, tannin, oleuropein, color and mineral substances. The fleshy part contains 50-60 % water, 15-30 %
oil, 2-5 % nitrogenous substances, 3-7.5 % sugar, 3-6 % cellulose, 1-2 % minerals, 2-2.25 % phenols.

b. Seed: In this part of the grain, there are 30 % water, 27.3 % oil, 10.2 % nitrogenous substances, 26.9 % sugar,
1.9 % cellulose, 1.5 % minerals, 0.5 % polyphenols.

c. Core (Endocarp): It makes up 13-30 % of the grain. The kernel consists of the kernel shell and the seed inside. In
the core part, there are 9.3 % water, 0.7 % oil, 3.4 % nitrogenous substances, 41 % sugar, 38 % cellulose, 4.1 % minerals,
0.1 % polyphenols (Kaya, 2009). The general composition of olive fruit is shown in Table 1.

Table 1 — Composition of olive fruit (Kaya, 2009)

Components Concentrations (%)
Moisture 83.20
Sugars 2.80
Nitrogen 1.20-2.40
Organic acids 0.50-1.50
Polyhydroxy component 1.00-1.50
Pectin 1.00-1.50
Salt 1.80
Oil 0.03-1.00

Definition of Olive and Composition of Olive Fruit. Olive fruit (Fig. 1) is an agricultural product that can be
processed for oil and table use and its by-products can be evaluated (Erden et al. 2016). Olive contains a number of
phenolic and bioactive compounds that differ from the flavonoids, vitamins and carotenoids found in other fruits and
vegetables (Annab et al. 2019).

Olive and Olive Oil Processing Industry Wastes. The olive oil processing industry is of great importance in terms
of environmental sustainability due to the amount of waste and the difficulty of treatment (Caputo et al. 2003). Olive black
water and olive pomace are considered as olive oil processing industry wastes as a result of mechanical oil extraction from
olive leaves and olives during the cleaning process before the olive collection and oil extraction.

Olive leaf. Olive leaves; It is exposed during the pruning of olive trees, the harvesting of olives and the cleaning
process prior to oil extraction from the olives. The amount of olive leaves obtained is between 12-30 kg/tree, depending
on the age of the tree and the type of pruning. In some regions where olive cultivation is common, olive leaves are used for
feeding livestock or the leaves collected with olive branches are used as fuel. As with many natural products, the chemical
composition of olive leaf extract varies depending on the region where the olive is grown, the structure of the soil, the
variety and the method used (Basmacioglu Malayoglu and Aktas, 2011).

Olive seeds. In recent years, while olive oil is being produced, the seeds are separated from the pomace with a
special centrifuge and 4 mm sieve system. In this way, the feed value and digestibility of the olive pulp are increased
and the kernels are evaluated separately. Cellulose and lignin-rich kernels contain approximately 3500—5000 kcal/kg of
energy and are considered as environmentally friendly solid fuels with very affordable high calorie and low ash content
(0.2-0.4 %) (Dalkilig, 2018).

Blackwater. It is the sap in the structure of olives. It has dark brown — violet tones and even black colour, with a
strong olive oil odour. It contains a significant amount of potassium, magnesium and phosphate salts, lipids, and is rich in
carbohydrates as shown in Table 2 (Celik et al. 2008).

Table 2 — Composition of oligve blackwater (Kaya, 2009)

Concentrations (%)
Components ;
highest lowest mean

Water 94.15 82.40 83.40
Organic matter 16.55 3.96 14.80

Oil 2.30 0.03 0.02-1.00
Organic nitrogen 2.40 0.06 1.20-2.40
Total sugar 8.00 0.10 2.00-8.00
Organic acid 1.50 0.20 0.50-1.00
Pectin and tannins 1.50 0.20 0.50-1.30
Polyphenols 2.40 0.13 0.50-1.00
Minerals 7.20 0.40 1.80

*Minerals: P, K, Ca, Fe, Mg, Mn, Na, Zn, Co, Cu, Si, CL
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The amount and properties of black water released during olive oil production; It varies depending on the olive oil
production process, the type of olive to be processed, the type of pesticide and fertilizer used during olive cultivation,
and the climate of the region where the cultivation is made. No chemicals are added during the production of olive oil.
Therefore, the resulting black water mainly contains pollutants in olives (Oktav and Ozer, 2007). The amount of liquid
sub-product obtained from the processing of olives into oil varies from 100 kg olives to 4055 liters with the pressing
system, and between 85—120 liters with the centrifugation system (Nas et al. 1992).

How is black water formed, what are its characteristics? It is known that the structure of the black water effluent
shows complex characteristics according to its geographical distribution. Depending on the production technology used in
olive oil production, the amount of black water per ton of olive processed and the pollution characteristics of black water
change. The characteristics of the black water originating from each olive oil plant vary greatly depending on the soil and
climate characteristics of the region where the olives are grown, as well as the chemical properties of the water used in the
enterprise. The olive oil industry produces large quantities of olive black water. Two different methods are used in olive
oil production as batch (press) and continuous (centrifuge). In both methods, two by-products such as pomace and black
water are formed as a result of production. The concentration of olive black water, which is released as liquid waste, varies
greatly depending on the production process and operating conditions (Celik et al. 2008).

Environmental importance and treatment of black water. Blackwater or olive blackwater is the residual water
formed during the production of olive oil. The amount of waste water released after olive oil production varies depending
on the type of production. The pH of these wastewaters formed during olive oil production is acidic and the organic
matter content is high. Blackwater; It is rich in suspended solids, sugar, phenol and vegetable oil content (Tezcan, 2010).
This wastewater, which is dark brown, acidic, and shows high chemical oxygen demand, causes important environmental
problems (Kaya, 2009).

In recent years, the disposal of the olive oil industry territorial waters, which has a high pollution potential, by
landfilling has come to the fore as an important alternative. Olive black water carries a serious pollution risk for surface
and underground waters due to its content. It is seen that studies based on activated carbon are also carried out in the
removal of some components of black water. Using activated carbon for initial regulation not only provides a useful agent
in purifying the polluted environment from phenolic derivatives; it also contributes to the reduction of solid waste. The
most important reasons for the difficulties experienced in the treatment of black water is that this water contains toxic
substances such as high organic matter and polyphenols. Olive black waters spread to the water surface in receiving
environments due to their oil content. This, in turn, reduces the oxygen uptake of the water and the transmission of
sunlight, preventing the normal development of plant and animal life (flora and fauna) in the receiving environment. In
addition, olive black water causes the consumption of dissolved oxygen due to its high organic matter content (Celik et al.
2008; Orhan and Biiytikcorak, 2016).

Giving olive black water directly to the soil affects the physical and chemical properties of the soil. It can also
be used as direct irrigation water. However, since the phenolic component concentration in black water is high, these
components pass directly to the surface waters during tillage. The high sugar content activates microbial respiration and
lowers the dissolved oxygen concentration in the water (Celik et al. 2008).

Pomace (prina). Pirina is the name given to the olive pulp left over after the olives are pressed in olive oil factories.
pomace; consists of oil, water, core and pulp parts (Tezcan, 2010). An average of 3545 kg dry pomace is obtained from
the processing of 100 kg of olives. There are three types of pomace, depending on whether it is obtained from olive
oil factories that apply traditional pressing, 3-phase centrifugal decantation process and 2-phase centrifugal decantation
process. The three types of pomace in question are distinguished from each other by the fact that they contain 25-30 %,
45-55 % and 60-75 % moisture, respectively. The pomace that is processed is named differently: According to this;

* Raw pomace: It is the first product formed after the olives are de-oiled.

* Seedless pomace: It is pomace that is formed as a result of separating the seeds from the pulp by the ventilation
process by passing through a sieve.

* Degreased pomace: It is pomace obtained by removing the oil from the raw pomace as a result of solvent extraction
(Hocaoglu et al. 2015).

Alternative Uses of Wastes from Olive Oil Production. When we classify the studies carried out to evaluate the
waste products generated in olive oil production in the world, according to their fields; alternative energy production
(biodiesel, biogas, bioethanol, biohydrogen, pellet), livestock (feed) and agricultural applications (soil conditioner), food
(gelling, functional foods), pharmaceuticals, nutraceuticals, cosmetics (preservatives, natural humectants) applications,
and we encounter biotechnological applications such as bioplastic/biopolymer, biological surfactant and lipase production
(Ustiindag, 2015).

The use of olive black water in animal nutrition. In a study conducted with hay and dry grass + concentrated black
water as roughage in rams, dry matter digestibility from 54.6 % to 61.4 % and organic matter digestibility from 56.9 % to
61.9 % in the blackwater group. They found that it increased to. It has been reported that the use of dried black water at a
dose of 5 and 10 g/kg in broilers does not affect performance data, while meat color and pH are positively affected, and
most importantly, black water has a positive effect on the shelf life of meat (Dalkilig, 2018).

The use of pomace in animal feeding. The use of pomace in animal feeding is more common. Factors such as the
method used in olive oil production, the geographical condition of the region where the olives are obtained, the harvest
period and the separation of the seed from the olive pomace affect the chemical composition of the olive pomace. These
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situations affect its use in animal nutrition (Dalkilig, 2018). In order to produce animal feed additives from raw pomace,
the very high acidity of the pomace must be adjusted and its oil must be removed. Solid pomace, whose oil has been re-
moved and acidity has been regulated, is sent to animal feed factories where it is processed into animal feed. The biggest
disadvantage is that it is poor in protein and contains a high amount of cellulose (Baysan et al. 2017).

Use of pomace for fertilization purposes. Utilization as fertilizer is the main recommended evaluation method for
many industrial wastes. The most important benefit of this method is to bring the high amount of nutritive components
carried by the waste to the soil naturally. Raw pomace (50 % moisture) contains nitrogen (0.96 %), phosphorus (0.56 %)
and total organic carbon (60.45 %). These components are added to the soil with the humus-like product obtained from the
enrichment of pomace by fermentation in an airless environment. During fermentation in an airless environment, biogas,
another evaluation method of pomace, is also obtained. Thus, biogas and fertilizer are obtained in the same plant. The
biggest advantage of using it as a fertilizer is that it is natural, high nitrogen content, and it can spread easily and directly
to the soil. However, its use has been restricted in many countries due to the odor problem and the risk of polluting water
resources. There is also the possibility of burning tree roots if not used carefully (Gogiis et al. 2009).

Production of pectin and polyphenol from black water and olive pomace

In a study where pectin and polyphenol were produced from black water and olive pomace, in addition to polyphe-
nols, pectin was also recovered. Pectin, a complex polysaccharide found in olive pomace, is used as a gelling agent and
thickener in foods. The oil and water contained in the waste are separated by the pre-treatments carried out by centrifu-
gation and evaporation. After two-step solvent extraction (ethanol:water) and centrifugation, alcohol-soluble polyphenols
were concentrated by NF, RO, filtration processes. Alcohol-insoluble lignins, tannins and polysaccharides were separated
by centrifugation, and fibers by precipitation. Soluble dietary fibers (pectin) were separated from insoluble dietary fibers
by centrifugation (Ustiindag, 2015).
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