Available online

European Journal of Advances in Engineering and Technology, 2020, 7(9):5-11

[ o
B B

Research Article ISSN: 2394 - 658X

Determination of the Pollution Parameters in Strained Yogurt
Industry Wastewater

Ash Raziye KESER*' and Seval Sevgi KIRDAR™?

*Burdur Mehmet Akif Ersoy University, Health Science Institute, Department of Animal Products Hygiene and
Technology, Burdur, Turkey
Burdur Mehmet Akif Ersoy University, Food Agriculture and Livestock Vocational School Food Department,
Burdur, Turkey
aslhrzm@gmail.com

ABSTRACT

The main principle in the production of strained yogurt is to reduce the water content by removing the serum phase of
the strained yogurt to increase product resistance to deterioration. In the production of strained yogurt, approximately
33% of the yogurt is retained in the bag while 67% is excreted as serum. Yogurt whey has nutritional value, as does whey
and buttermilk; however, the yogurt whey produced from strained yogurt production is sent directly to the sewer system
and cannot be commercially assessed. This whey causes both environmental pollution and nutrient losses because of the
organic and inorganic matter it contains. In this study, pollution parameters such as chemical oxygen demand (COD),
suspended solids (SS), fat, oil, and grease (FOG), total phosphorus (Par), and pH were determined in strained yogurt
whey that was obtained from two different wheyoff times (12 and 24 h) in two different dairy plants in Turkey. The
strained yogurt whey were determined 41 019-42 943 mg/L COD, 1 016-1 293 mg/L SS, 10 551-9 414 mg/L FOG, 22.30-
29.70 mg/L Py, and a pH of 3.99-4.23. The result suggests that the nutrients in strained yogurt whey should be
recovered and evaluated industrially, as with cheese whey.
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INTRODUCTION
Dairy plants are among those industries identified as sources of critical industrial pollutants. The dairy industry is one of
the most water-consuming industries and highest producer of effluent per unit production in Worldwide [1]. Each dairy
plant in Turkey has at least one production line, and those producing pasteurized milk, cheese, butter, yogurt, strained
yogurt, condensed milk, flavored milk, milk powder, and ice cream in Turkey have more than one [2].
According to the Regulation on Water Pollution Control in Turkey, it is mandatory to control the biological oxygen
demand (BODs); chemical oxygen demand (COD); fat, oil and grease (FOG); and pH using four parameters for the direct
discharge of wastewater into the Dairy wastewater (DW) contains milk solids, detergents, sanitizers, milk wastes, and
cleaning water and is characterized by high COD and BOD [3] and by high concentrations of soluble and trace organics,
fats, nutrients, lactose, and chlorides as well as detergents and sanitizing agents [2, 4-6] and pathogensalong with
considerable variations in pH from 4.2 to 9.4, a relatively large load of suspended solids (SS) (0.4-2 g/L), and large
variations in wastewater supply [7-9].
The highly variable nature of DW in terms of volumes and flow rates and high organic material contents, such as 921—
9004 mg/L COD, 483-6080 mg/L BOD, 8-230 mg/L total nitrogen (TN), and 134-804 mg/L SS, makes the choice of an
effective wastewater treatment regime difficult[10].
The main principle in the production of strained yogurt is to reduce the water content by removing the serum phase of the
strained yogurt to increase product resistance to deterioration [2, 11]. Based on the conventional method, the whey’s
obtained in strained yogurt production are rich in protein, lactose, vitamins, and minerals In the production of strained
yogurt, approximately 33% of the yogurt is retained in the bag while 67% is excreted as serum [2].
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Yogurt whey has nutritional value, as does whey and buttermilk; however, the yogurt whey produced from strained
yogurt production is sent directly to the sewer system and cannot be commercially assessed. This whey causes both
environmental pollution and nutrient losses because of the organic and inorganic matter it contains. The industries that
manufacture strained products are responsible for the two main types of effluents-yogurt whey (resulting from strained
yogurt production) and the washing water from the pipelines, storage, and tanks, which generates yogurt whey
wastewater. The yogurt whey is a byproduct of strained yogurt manufacturing. This effluent is a greenish-yellow liquid
and is considered the most important pollutant in dairy wastewaters because of both its high organic load and the volume
generated. Whey separated after the production of strained yogurt is discharged directly into the sewer without being
assessed. When this whey is delivered to the receiving environment without any assessment and/or purification, it results
in high pollution conditions and economic losses to the receiving environment. Strained (condensed) yogurt has a thick
consistency resulting from filtering its liquid. The production of yogurt generates large amounts of wastewater that is
characterized by high BOD and COD concentrations, reflecting their high organic content and high levels of dissolved or
SS, including FOG,; therefore, this wastewater requires proper attention before disposal [2,12].

Several previous studies have examined the essential parameters in the wastewater from various dairy plants in terms of
environmental pollution. These studies were predominantly conducted on whey, a waste of milk technology that is
released after cheese production [2, 13].

The aim of this study was to determine the pollution parameters of the strained yogurt whey obtained after straining for
12 and 24 h in the production of strained yogurt from two different dairy plants in Turkey.

MATERIALS AND METHODS
Strained yogurt production and yogurt whey samples
Strained yogurt is produced using three replications on different days during the manufacturing process (Fig. 1), and
parallel analyses were conducted during each production. A sampling of strained yogurt whey was taken by blending the
whey during filtration. The whey samples were then stored in a cold chain (+4°C) and taken to the laboratory. All
composite samples were transported on ice, stored at 48°C, and analyzed within 2-4 d.

Physical and Chemical Analyses

pH was measured using a Mettler-Toledo AG 8603 pH meter (Switzerland). COD was analyzed using the LCK 514
(100-2000 mg/L) and LCK 314 (15-150 mg/L) kit using the Hach-DR 5000 spectrophotometer (Manchester) [14]. The
analyses of the levels of FOG and SS were conducted based on standard methods [14]. Total phosphate, according to the
International Organization for Standardization standard method [15] and spectrophotometric measurements were
determined using the Fosformolibden Blue method as mg/L PO, [14, 15]. All chemicals used in the study were of
analytical grade. All analyses were conducted in duplicate.

Statistical analyses

Statistical analyses were conducted according to the Randomized controlled Trial Plan using Minitab 22.0
(http://www.minitab.com). One-way analysis of variance was used to determine the differences between the samples.
Tukey’s multiple comparison test and Student’s t-test were used to determine the difference between groups and
recurrences [16].

RESULTS AND DISCUSSION
Mean, minimum and maximum values of chemical oxygen demand (COD), suspended solids (SS), fat, oil, and grease
(FOG), total phosphorus (Pi), and pH in strained yogurt whey are given in Table 1.
The strained yogurt whey were determined 41 019-42 943 mg/L COD, 1 016-1 293 mg/L SS, 10 551-9 414 mg/L FOG,
22.30-29.70 mg/L Py, and a pH of 3.99-4.23.
The pH of the serum obtained after wheyoff for 12 h was 4.23 and after 24 h was 4.06. The effect of wheyoff time on pH
was statistically significant (p < 0.05).
A crucial requirement for the biological treatment of dairy wastewater is to maintain a pH between 6 and 9. Milk and
butter factories have effluents with active reactions close to a neutral pH (i.e., 6.8-7.4). In plants from which a specific
amount of whey is discharged, the pH of the effluent is reduced to <6.2. In cheese manufacturing, sweet whey is slightly
acidic, with pH = 5.9-6.6, while mineral acid coagulation gives an acidic whey with pH = 4.3-4.6 [17,18].
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Fig. 1 Flow diagram of the production of strained yogurt produced in two different dairy plants.

Table 1- Pollution parameters of strained yogurt wheys (mg/L)

Parameters A B
COD 41019 + 534 X 42943 + 1252y
SS 1016 + 20 X 1293+ 45y~
FOG 10551 + 41 x 9414 + 134y~
P (total) 29.70 £ 5.40 X 2230230y
pH 434+0.05x 406+0.02y

Abbreviations: COD, chemical oxygen demand; SS, suspended solids; FOG, fat, oil & grease; P total phosphorus
Notes:

A: The operation that applies the 12-h filtering time.

B: Operation applying 24-h filtering time.

(x, X) There was no difference between the parameters expressed with the same letters (p > 0.05).

(%, y) There is a significant difference between the parameters expressed with different letters:

*p < 0.05, statistically significant difference in the range.

**p < 0.01, a high significant difference in the range.

pH
Trevor and Schalkwyk [19] have reported that the pH of the yogurt enterprises was 6.92. In other studies, Kirdarand Gun
[20] have determined that the pH of the yogurt whey was 3.57-3.78 in winter and 3.56-3.72 in summer, Baladura [21]

and Kalender [22] have determined it to be 4.22-4.67 and 4.35-4.40, respectively, in summer months. Altumsik et al [23]
have reported a pH of 5-9.5 in yogurt whey.
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The results of the current research on pH are in accordance with those of Erbil [24] and Baladura [21] but higher than
those obtained by Kirdarand Gun [20] and lower than those reported by Altunisik et al [23], Trevor and Schalkwyk [19],
and Kalender [22].

Research suggests that high pH values can be caused by differences in the raw material used, the output pH of the
incubation used, the characteristics of the bags used for the wheyoff process, and the wheyoff time.

Chemical oxygen demand (COD)

The results showed COD values of 41019-42943 mg/L. The effect of wheyoff time on COD of the samples of strained
yogurt whey was statistically significant (p < 0.05) (Table 1). Other studies have reported 38223mg/L COD [25] and
40000 mg/L COD [26]. Yogurt whey, one of the primary pollutants in the dairy industry, determined the COD value of
yogurt whey samples as 38223 mg/L in their studies which identified the waste material composition and their
concentration and pollution parameters due to the organic substances they contained [25]. The results of the study were
reported by Toprak et al [25] was higher than the results obtained. Zeytinoglu, [26], determined that the need for COD
(40000 mg / L) in different sectors operating in Bursa is the highest value of milk and products processing enterprises.
The electrocoagulation of strained yogurt wastewater using a uniquely designed iron reactor, and the sludge produced
during electrocoagulation to be used as a raw material in the production of ceramic pigment were investigated. The
results showed that this specially designed electrochemical reactor is an effective alternative for the treatment of strained
yogurt wastewater. They also showed that the sludge produced during electrocoagulation can be used as a raw material in
the ceramic industry and that it can be converted from waste to a value-added product. One study measured COD in
strained yogurt wastewater at 6500 mg/L [12].

The COD values were higher than the above values, which suggests that the differences are caused by the raw material,
raw milk characteristics, characteristics of the bags used for the wheyoff process, and the production parameters.

Suspended solids (SS)

The total solid is divided into two groups-SS (that remaining on the glass fiber after filtration of the wastewater sample)
and dissolved solids. Colloid solids are dissolved solids [27]. Most purification processes are conducted to remove SS
that cause deposits in the channels. In the main sewer pipes, in particular, hydrogen sulfide gas is generated, which is
harmful to sewage workers [28]. SS in DW originate from coagulated milk, cheese curd fines, or flavoring ingredients
[29].

The SS content in DW, raw material quality, applied technological processes, coagulated milk, cheese, cheese particles,
ice cream, yogurt, and strained yogurt depend on many factors; therefore, there are significant differences between the
amounts of solids in the wastewater. The amount of total inorganic solids is approximately twice that of inorganic
volatile SS. The share of inorganic solids in total solids in milk is ~13%; therefore, in DW, most of the SS are from milk
and milk products. The waste from dairy factories contains a small amount of SS; however, that amount increases
because of the fat globules suspended in the wastes from the cheese factories.

The SS content of the yogurt whey in our study measured 1016-1293 mg/L SS, and the influence of wheyoff time on
these values was statically significant (p < 0.05) (Table 1).

The SS content of the whey used in the studies by Celik [30] was 1780 mg/L, Gurtekin [31] was 2400 mg/L, Uyum [32]
was 500 mg/L, and Altunisik et al [23] was 7 000 mg/L. Trevor and Schalkwyk [19] have reported that the total solids
amounted to 2 750 mg/L in their study in which the properties of the yogurt farms were determined and SS could not be
detected. The SS values in our study are lower than those obtained by Celik [30], Gurtekin [31], and Altunisik et al [23].
Yazici and Dervisoglu [33] have determined that the SS amount after 24 h was 5506 mg/kg at one factory studied that
was producing 113398 kg of milk/d. Our results were one-quarter of this value and found to be very low.

According to the characterization of the wastewater, the amount of SS is indicated as 1000 mg/L, which is similar to the
results of the previous research.

Total phosphorus (Piotar)

P is a factor for algae growth. The most important feature of the P in wastewater is that chemical methods can remove it
without biological treatment [34]. Eutrophication can occur depending on the phosphate concentration in the water. Only
1 g phosphate phosphorus (PO,4-P) accelerates the growth of 100 g algae. When these algae die, decomposition results in
an oxygen requirement of ~150 g. Critical concentrations for the initial stage of eutrophication are ~0.1-0.2 mg/L PO4-P
in flowing water and ~0.005-0.01 mg/L PO,-P in stagnant water. Because of the possible hazards to surface waters, the
European Union Directive 91/271/EEC specified limits for the discharge of PO, compounds into the receiving
environment. Depending on the size of the wastewater treatment plant, these values are 2 mg/L Py, (10000-100000
population equivalent [PE]) or 1 mg/L Py (>100000 PE) [15, 35].

The Py Values in our study were 22.30—-29.70 mg/L. The effect of wheyoff time on total P content in yogurt whey’s was
insignificant (p > 0.05).

The maximum Py, content in the waste water sample is 8 mg/L. In previous studies, the P content of whey was 337
mg/L [36], 110-135 mg/L [23], and 9-280 mg/L of Py, [37]. The results of the research on cheese whey were found to
be very high. The results obtained in our research were lower than in other studies on the same topic [23,36]. The
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electrocoagulation of strained yogurt wastewater using a uniquely designed iron reactor and the sludge produced during
the electrocoagulation process to be used as a raw material in the production of ceramic pigment were investigated. The
results showed that this specially designed electrochemical reactor is an effective alternative for the treatment of strained
yogurt wastewater. It also shows that the sludge produced during electrocoagulation can be used as a raw material in the
ceramic industry, and that it can be converted from waste to a value-added product [19].

Fat, oil, and grease (FOG)

The dairy industries produce effluents rich in in FOG, which can have negative impacts on wastewater treatment
systems, such as foul odors and blocked pipes and sewer lines [32, 38, 39]. FOG concentrations in the wastewater from
dairy plants specialized in the production of high-fat products is 0.2-0.4 g/L, although higher values have been reported
(e.g., <2.88 g/L in a butter factory). In the wastewater from other dairy plants, FOG usually does not exceed 0.1 g/L [40].
The FOG values in our study were 9414-10551 mg/L, and the effect of wheyoff time on FOG of strained yoghurt whey
was statistically significant (p < 0.05).

According to the Regulation on Water Pollution Control [41], the discharge standards for wastewater from the milk and
dairy products industry for FOG were 60 mg/L in a 2-h composite sample, 30 mg/L in a 24-h composite sample, and 200
mg/L in the sewerage discharge. In this study the values of strained yogurt whey’s in this swerve significantly higher. In
the study conducted on the factories operating within different sectors in Bursa, the FOG values were 7.4 mg/L in the
lowest oil enterprises and 100 mg/L in the meat plants. This value was 1793 mg/L in milk and milk products [42]. The
results of this study were significantly higher than those of Zeytinoglu (1993) [26].

In two studies, the FOG content of subterranean wastewater was 4095 mg/L [43] and 25620 mg/L [41]. The strained
yogurt whey samples used in our study had FOG values higher than those of Senol [42] and lower than those of Konar
[44].

CONCLUSION
The results suggest that strained yogurt whey, which has a high pollution load, should be industrially recycled. As in
whey, the nutrients are recovered using ultrafiltration and hyperfiltration techniques, and demineralization of mineral
substances to prevent nutrition and economic losses.
Based on the results, we suggest the following:
1. An important factor for legumes in agriculture applications is the evaluation of strained yogurt whey.
2. It is believed that the fertilizer needs of farmers can be reduced by using strained yogurt water, which is considered as
waste and will be economically beneficial.
3. The harmlessness of the treatment and the use of this chain in the form of fertilizer in agriculture is important to
prevent economic losses.
4. With the establishment of the waste exchange, it is believed that one product will be waste, and the other will be the
production input and raw material.
5. Strained yogurt water is important for the production of biogas energy, such as a hydrogen and carbon source.
6. Strained yogurt whey can be used as a food additive because it is rich in nutrients.
7. Strained yogurt whey can be used as a nutrient enricher in bakery products.
8. It can be evaluated by using yogurt whey instead of water in Ayran production.
9. It can be used in the formulation of infant formula.
10. It can be used in the formulation of skin care products.
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