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Keywords Abstract

Butter, Butter is a high-cost oil, so it is sometimes sold by mixing margarine being a cheaper
Margarine, oil by manufacturers. Fake butter has negative effects on both the health of
lodine And Saponification consumers and the economy. In our study, some traditional and modern methods
Index, were applied for the detection of fake butter. Three samples consisting of pure
Reichert-Meissll Number, butter (PB), pure margarine (PM), and half-mixed butter-margarine (BM) mixture
GC, DSC, FTIR Analysis. were examined. The physical and chemical properties of these samples by both

traditional methods such as iodine index, saponification index, Reichert-Meissell
(RM) number, and modern methods such as GC, DSC and FTIR methods have been
examined. The results showed that it can be used in both methods to detect fake
butter. However, modern methods attract more attention because they are faster,
reliable, and repeatable.

SAHTE TEREYAGININ GELENEKSEL VE MODERN YONTEMLERLE SAPTANMASI UZERINE

BIiR ARASTIRMA
Anahtar Kalimeler 0z
Tereyagi, Tereyag yiliksek maliyetli bir yag oldugu icin, bazen treticiler tarafindan daha ucuz
Margarin, bir yag olan margarin ile karistirillarak satilmaktadir. Sahte tereyagi, hem
Iyot Ve Sabunlasma Indeksi, tiiketicilerin sagligi hem de ekonomi iizerinde olumsuz etkilere sahiptir.
Reichert-Meissll Sayisi, Calismamizda sahte tereyaginin tespiti icin bazi geleneksel ve modern yéntemler
GC, DSC, FTIR Analizleri. uygulanmistir. Saf tereyagi (ST), saf margarin (SM) ve yar1 yariya karistirilmis

tereyagi-margarin (TM) karisimindan olusan ii¢ numune incelenmistir. Bu
numunelerin fiziksel ve kimyasal ozellikleri, iyot indeksi, sabunlasma indeksi,
Reichert-Meissell (RM) sayis1 gibi hem geleneksel yontemlerle hem de GC, DSC ve
FTIR gibi modern yontemlerle incelenmistir. Sonuglar, sahte tereyagini tespit etmek
icin her iki yonteminde kullanilabilecegini géstermistir. Bununla birlikte, modern
yontemler, daha hizli, giivenilir ve tekrarlanabilir olduklar: icin daha fazla ilgi
cekmektedir.
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1. Introduction

Dairy oils form the raw material of butter, which is a form of animal fat. Dairy oils contain vital fatty acids and fat-
soluble vitamins. They are easily digestible and can melt at body temperature. All these properties of milk fats also
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increase the nutritional value of butter, which contains a high content of milk fat (about 82%) (Gosewade et al.,
2017). In addition to the high amount of milk fat and water in its composition, butter also contains phospholipids,
hydrocarbons, sterols and sterol esters, complex glyceride oils, free fatty acids, fat-soluble vitamins, and minerals
(Kumar et al,, 2016). Butter, which has a superior aroma and taste, is a high-calorie dairy product. It is a
concentrated source of milk fat and is produced by the churning of milk or cream (Hamed et al,, 2019).

Dairy oils are the most economically valuable dairy product. However, using only milk fats as raw materials during
the production of butter causes the cost of the oil to be high. Therefore, in order to reduce the high cost of butter,
manufacturers sometimes attempt fraudulent works, such as mixing butter with cheaper animal or vegetable oils.
In particular, margarine, which has a butter-like composition, is quite common to use for producing fake butter
(ROTAR, 2017). Margarine is a food product produced by hydrogenation of vegetable oils and it contains minimum
80% oil in its composition. It also contains emulsifiers, vitamins, flavors, and preservatives (Wiedermann, 1978).

Itis very important to detect fraudulent products in butter. Because fake butter can have negative effects on human
health, dairy industry, and economy. Since margarine has similar properties with butter in terms of color, smell,
and flavor, it is very difficult to detect fraudulent butter only with sensory tests (Altun & Paksoy). Therefore, it has
been used in modern methods such as GC, ATR-MIR spectroscopy, DSC and FTIR as well as traditional methods
such as RM, iodine, saponification and Polenske numbers (Fatouh et al., 2005; Koca et al., 2010; REXHEPI et al,;
TAHMAS KAHYAOGLU & CAKMAKCI, 2016; Tan & Che Man, 2000; Tan & Man, 2002; Yoshinaga et al., 2013).

Reichert-Meissell (RM), iodine and saponification numbers are important chemical characteristics used in
identifying the types of oils/fats and controlling their purity. The Reichert-Meissell (RM) number is a simple, fast,
and inexpensive method. It shows the amount of low molecular weight fatty acids (butyric C4: 0, caproic C6: 0,
caprylic C8: 0 and a small amount of capric C10: 0 acids) that are characteristic of milk fats (Deelstra et al., 2014).
The RM number in the range of 17-35 indicates that the butter is pure (Metin, 2001).

The iodine number is a parameter that gives information about the degree of saturation and unsaturation of the
oil. It shows the amount of iodine that 100 g oil can bind. The number of double bonds in the oil can be determined
by using the iodine number (ROTAR, 2017). The iodine number is expected to be in the range of 20.4-34.6 for pure
butter (Murthy & Bhat, 1976).

Saponification number is the amount of KOH (as mg) required for soaping of 1 g oil. It is widely used in determining
the purity of oils/fats and fatty acids. The average molecular weight of oil can be found using the saponification
number (ROTAR, 2017). The saponification number in the range of 210-233 indicates that the butter is pure
(Hamed et al,, 2019).

Quantitative analysis of the fatty acids in the oil is carried out in the analyzes made for the detection of fake butter
using gas chromatography (GC). Butyric acid is especially characteristic of pure butter. In addition to butyric acid,
the purity of butter is evaluated by considering the presence and amount of some other fatty acids that butter
should contain (Molkentin, 2007).

The water and fatty acid compositions of butter and margarine, can be easily analyzed and compared by using the
Differential Scanning Calorimeter (DSC). The proportions of these components affect the thermal properties of the
final product. The DSC technique is an ideal tool for this type of research. In short, DSC analysis is used for quality
control in production and research (Tan & Che Man, 2000; Tan & Man, 2002; Tomaszewska-Gras, 2013).

Differential scanning calorimeter (DSC) is a highly used thermo-analytical method to study edible oils and to
determine the melting/crystallization properties of the fats. DSC is a sensitive, fast, and reproducible method. By
comparing the DSC curves of both pure and mixed forms of edible oils, information about them can be obtained.
The DSC method displays high accuracy, precision, and stability in food and drug analysis (Tomaszewska-Gras,
2013).

Fats do not have a specific melting temperature. However, they have melting temperature intervals. A dynamic
method must be used to determine this temperature range. Thus, more than one endothermic peak will be
obtained and the melting temperature range will be seen. These changes can be analyzed by DSC analysis. The DSC
method has proven to be very useful for studying the melting behavior of fats (Tan & Che Man, 2000; Tan & Man,
2002).

FTIR spectroscopy is applied for qualitative analysis and characterization of fat, protein, and carbohydrates
belonging to different food samples. In particular, FTIR analysis combined with some techniques is widely used to
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distinguish butter from other edible oils and it determine the acidity, fat, moisture of butter for quality control
(Nurrulhidayah et al., 2013).

In this study, research has been made on traditional methods such as saponification number, iodine number, and
Reichert-Meissl value and modern methods such as GC, DSC, and FTIR, which are used for the detection of fake
butter mixed with margarine.

2. Materials and Method
2.1. Materials

The butter (cow milk) and margarine used in the study were obtained from a local market in Erzurum. While
preparing the butter margarine mixture, samples of the same weight were taken from both pure butter (PB), and
pure margarine (PM), and their homogeneous mixture (BM). All experiments were repeated for three times.

2.2. Analysis

2.2.1. Analysis of R-M, iodine, and saponification numbers and some physicochemical properties of fat
samples

Three samples consisting of pure butter (PB), pure margarine (PM), and half-mixed butter-margarine (BM)
mixture were analyzed. Reichert-Meissell (R-M) number of fat samples, TS 1331, iodine number, TS EN ISO 3961,
and saponification number were determined according to TS EN ISO 3657 standards.

Some physicochemical properties such as fat amount (TS 1331), salt amount (TS 1333 IS01738), fat-free dry
matter amount (TS 1331), moisture amount (TS 1331), acid number (TS EN ISO 660), and free fatty acids (TS EN
ISO 660) of PB, PM, BM samples were also determined.

2.2.2. Determination of Fatty Acid Composition

Fat samples were first converted into fatty acid methyl esters (EN ISO 5509). Fatty acid compositions of samples
were analyzed by gas chromatograpy system equipped with an auto-injector (SHIMADZU, QP 2010) and the
RESTEK Rtx-Wax capillary column (60m x 0.25 mm id., 0.25). The initial oven temperature was 140 °C for 5
minutes, and it was increased to 240°C with heating rate of 3°C/minute, then it was maintained constant for 17
minutes.

2.2.3. DSC analysis

Approximately 10 mg of each fat sample (with an accuracy of 0.01 mg) was placed in the pan made of Al,03. DSC
analysis was performed on the DSC 8500 Perkin Elmer (-65 ° C-600 ° C) instrument. Firstly, samples were heated
at a heating rate of 10°C/min from -65°C to 200°C and then they were cooled from 200°C to -65°C at the same
heating rate.

2.2.4. FTIR analysis

The structures of samples are characterized by Fourier Transform Infrared (FT-IR) spectroscopy. Spectra were
obtained with Bruker VERTEX 70v instrument in the range of 4000-400 cm-™.

3. Results and Discussion
3.1. Reichert-Meissel (R-M), saponification and iodine numbers

Reichert-Meissl, iodine, saponification numbers, and some physicochemical properties of fat samples consisting
of PB, PM, and BM mixture were analyzed. The results obtained are given in Table 1.

When Table 1 is examined, it is seen that the RM value of pure butter is 25.1. This value is in the range of 17-35
stated in the literature (Metin, 2001). The RM value of pure margarine was found to be 1.65. This value also
matches the max.7 value specified in the literature (Kurt et al., 2007). The RM value obtained for 50% butter +
50% margarine mixture was found to be 14.3. This value is not in the range specified in the literature for pure
butter. This proves that the determined fat is not pure butter and it is mixed with margarine. In addition, the RM
value (14.3) obtained for 50% butter and 50% margarine mixture was almost half of the RM values obtained for
pure butter and pure margarine. However, while this value shows us that the butter is not pure, it does not give
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exact information about the ratio of the mixture. The RM values (Table 1) of the analyzed fats are consistent with
the results obtained in many studies in the literature. Also, they show that RM is a very safe analysis that can be
used for the detection of fake butter (Cakmakg¢1 & Kahyaoglu, 2018; TAHMAS KAHYAOGLU & CAKMAKCI, 2016).

Table 1. Reichert-Meissl, iodine, and saponification numbers and some properties of fat samples

PB PM BM
Reichert Meissl (RM) 25.1 1.65 14.3
Iodine number 26.65 53.45 35.21
Saponification number 217.3 197.9 205.9

Some physicochemical properties of fat samples

PB PM BM
Fat amount (%) 84 72 78
Salt amount (%) 0.035 0.19 0.13
Fat-free dry matter amount (%) 2 1.5 1.5
Moisture amount (%) 14 26.5 20.5
Acid number (mgKOH/g) 1.10 0.84 1.01
Free fatty acids (as oleic acid, %) 0.55 0.42 0.5

In addition, to RM number, the number of saponification of PB was found to be 217.3 (Table 1). This value is in the
range of 210-233 given for the saponification number of milk fat (Hamed et al., 2019). As seen in Table 1, while
the smallest saponification number belongs to PM (197.9), the saponification number of the BM mixture (205.9)
is larger than PM but lower than that of PB. Since milk fats contain longer carbon chains and more saturated fatty
acids, the saponification number of butter is higher than other oils (Cakmake1 & Kahyaoglu, 2018; Park et al., 2007).
The decrease in the saponification number of the BM mixture may be related to the high molecular weight fatty
acids of margarine mixed with butter. When Table 1 is examined, it is seen that the highest iodine number belongs
to PM (53,45), while the lowest iodine number belongs to PB (26,65). A high iodine number means the presence
of a high amount of unsaturated fatty acids (especially oleic and linoleic acids) in the oil (Hamed et al.,, 2019).
Iodine number of milk fats is in the range of 20.4-34.6 (Murthy & Bhat, 1976). The increase in the iodine number
compared to the PB of the BM mixture confirms that it is the mixture.

3.2. Determination of fatty acid composition with the help of Gas Chromatography (GC)

Milk fats contain more than 400 fatty acids (Jensen, 2002). Table 2 shows the fatty acid profile (the list of major
compounds) of fat samples.

When Table 2 is examined, it is seen that the fat sample with the highest saturated fatty acids ratio (69,68) is PB
and the fat sample with the highest unsaturated fatty acid ratio (45) is PM. This is an expected situation (Hamed
etal.,, 2019). While the most saturated fatty acid in all fat samples is Palmitic acid, the most unsaturated fatty acids
are oleic and elaidic acids. In addition, it is observed that buturic (C4: 0), caproic (C6: 0), and caprylic (C8: 0) acids
(Deelstra et al., 2014), which are found only in milk fats, are absent in PM, and the amount in PB (6.91%) is higher
than the BM mixture (3.95%) (Table 2). This helps us to detect butter.

Buturic acid (C4: 0) is one of the good indicators used in the detection of fake butter in fat samples using GC-FID,
as it is found in milk fats obtained from only cows and other mammals (Molkentin & Precht, 1998; Yoshinaga et
al,, 2013). The fact that the value of C4: 0 is 2.72 for PB, while it is zero for PM (Table 2) supports this situation.
The C4: 0 value for the BM mixture was found to be 1.37. This value corresponds to almost half of the 2.72 value
found for PB. Thus, it gives us some clues about the mixing ratio of butter.
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Table 2. Fatty acid composition of fat samples (% weight)
Fatty acids Carbon number PB PM BM
Butyric C4:0 2.72 * 1.37
Caproic C6:0 1.78 * 1.01
Caprylic C8:0 241 * 1.57
Saturated fatty acids Lauric C12:0 2.92 5.86 4.55
Myristic C14:0 11.08 2.49 7.00
Pentadecanoic C15:0 1.24 * *
Palmitic C16:0 35.12 35.97 3592
Stearic C18:0 12.41 8.87 9.23
Total 69.68 53.19 60.65
Palmitoleic Cle6:1 1.57 * *
Unsaturated fatty acids Oleic + Elaidic C18:1n9c+ C18:1n9t 21.86 25.21 24.45
Linoelaidic C18:2n6t 3.22 19.79 11.58
Total 26.65 45 36.03

* undetectable or less than 1%

3.3. DSC analysis of samples

For DSC analysis, samples were heated in the air environment from -65°C to 200°C at heating rate of 10°C/min
and then cooled from 200°C to -65°C at the same heating rate. DSC melting/crystallization cycles obtained for

butter and margarine are shown in Figure 1.

When Figure 1A is examined, many melting peaks are seen. The temperature values of these points are indicated
on the DSC profile. The endothermic peak seen at 1.6°C corresponds to the melting temperature of the water and
it indicates that the water in the structure of the butter melt. Temperatures such as 9.6, 16.2, 32.54, 54.9°C are
melting peaks of the fatty acids in the structure. As stated in the literature, it is possible to obtain a large number
of endothermic peaks in the melting profiles of fats (Tan & Man, 2002). The most important reason for this is that
it depends on the distribution of fatty acids, which are extremely important for their applications in the food
industry. There is a significant relationship between melting curves and fatty acid contents. Highly saturated fatty
acids melt at higher temperatures compared to unsaturated fatty acids.
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Figure 1. DSC cycle of melting/crystallization of butter (A) and margarine (B) at a heating rate of 10°C/min

458



NAKTIYOK and DOGAN 10.21923/jesd.790310

In the heating program, a cycle was performed from 200°C to -65°C with the heating rate of 10°C/min. Melting and
crystallization curves were obtained in the cycle program. When the crystallization curve is examined, two
crystallization peaks are seen. Butter melting up to 200°C now has a new polymorphic structure. Therefore,
crystallization temperatures were obtained at different points (3.4 and 4.8°C).

When Figure 1B is examined, the melting and crystallization curves of margarine are seen. It is remarkable that
the melting temperatures of the fatty acids of margarine shift towards higher temperatures and the melting peaks
are wider than butter. The first endothermic peak of margarine is 11.2°C and it is quite wide. It is understood that
a certain amount of fatty acids dissolves together with the water in the structure and they are less stable than
other fatty acids. It can be concluded that the butter is softer in storage conditions such as refrigerator and at room
temperature. Because the melting peak of water corresponding to approximately 1.6°C is narrower. Also, the area
of this peak obtained in butter is lower according to in margarine. The crystallization temperature of margarine is
20.2°C.

It is seen that the melting process in butter is completed at approximately 60°C. However, this temperature has
increased up to 97°C in margarine. This feature also indicates the presence of shorter chain fatty acids in butter
compared to the margarine. In addition, the melting temperatures of the margarine shift to higher temperatures.
Hence it can remain at room temperature without melting.

30
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354

11.3

178
8.3

-80 -40 0 40 80 120 160 200

Temperature (*C)

Figure 2. DSC cycle of melting/crystallization of 50% butter-margarine at a heating rate of 10°C/min

Figure 2 shows the DSC melting/crystallization cycle obtained at a heating rate of 10°C/min for 50% butter-50%
margarine mixture. When the graphic is examined, it is seen that the melting peak of water coincides with the
melting peak in butter. In Figure 1 (A-B), the highest melting peaks of butter and margarine can be easily seen in
Figure 2. The mixture's DSC peaks have many melting peaks. These small peaks seen on the large melting peak of
fatty acids also indicate that the sample mixture cannot be pure. The melting process of the mixture is completed
at approximately 75°C. The crystallization curve displays that while the crystallization temperature of the butter
is relatively low value such as 3.4°C and 4.8°C, the temperature of 50% butter-50% margarine mixture increases
to 8.30C and 17.80C. In the literature, it has been obtained the same results (Aktas & Kaya, 2001).
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3. 4. FTIR analysis
It was analyzed by FTIR spectroscopy to determine the structural properties of the samples (butter, margarine,
and 50% butter-50% margarine). The wavenumbers of the characteristic groups in the examples are given in

Table 3.

Table 3. Major infrared bands and their characteristic functional groups (Nurrulhidayah et al.,, 2013)

Wavenumber (cm-1) Assignment

3600-3000 O-H (water) stretching

3008 =C-H stretching (cis) (fat)

2920 -CH(CHz) Asymmetric stretching (fat)

2850 -CH(CH2) Symmetric stretching (fat)

1740 -C=0 (ester), COO-, COOH stretching (fat)
1690-1640 C=N stretching (protein)

1465 -C-H (CHz ve CH3) (fat)

1377 —-C-H (CH3) Symmetric stretching

1237 Stretching vibration of C-0 ester groups (fat)
1170 Stretching vibration of -C-0 ester groups (fat)
1097 -C-0 stretching (fat)

967 -HC=CH- stretching (trans groups, fat)

724 -HC=CH- (cis) stretching (fat)

FTIR spectra of the samples are shown in Figure 3. Examining the FTIR spectra, we can see that the O-H band,
especially in the range of 3600-3000 cm-}, is very wide and distinct in the margarine. It can be said from both DSC
and FTIR analyses that the amount of water in margarine is quite high.

Margarine and butter are generally very different from each other because butter is animal origin, while margarine
is vegetable fat mixed with water. Butter does not usually contain any additives, while margarine may contain
different ingredients (antioxidants, vitamins, coloring agents, and emulsifiers).

The methylene groups of fats are in the range of 3000-2800 cm-! in FTIR analysis. The stretching of the structures
in this range is given in Table 3, in detail. Especially for butter, the intensity of spectra in this region is so much
than those of margarine. In addition, the spectrum belonging to the 1740 cm-! carbonyl (-C=0) region is again
higher in butter. The C=N vibration in the range of 1690-1640 cm-! is higher in margarine than butter, it is even
absent in butter. However, the stretching of -HC=CH at 967 cm-1! is the signal spectrum used for the determination
of trans-fatty acids in fats and oils (Leite et al., 2019; Nurrulhidayah et al., 2013). The results obtained are quite
compatible with the literature (REXHEPI et al.). It is understood from Figure 3 that 50% butter and 50% margarine
has average peak values of pure butter and pure margarine.
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Figure 3. FTIR spectra of butter, margarine, and 50% butter and margarine mixture

According to these results, strong FTIR spectrum in butter are especially 1740 cm-! peak, and in the range of 2900-
2800 cm! peak (Nurrulhidayah et al,, 2013). The margarine has a pronounced C=N stretching in the range of 1690-
1640 cm-1, and a wide O-H stretching of 3600-3000 cm-1. In the literature, 1740 cm! (-C=0 Ester vibration) peak
is the most dominant peak in the FTIR analysis of butyric acid, which is the most important indicator of butter
(www.chemicalbook.com). These peaks give us clues in determining butter.

4., Conclusions

In our study, a detailed analysis of pure butter, pure margarine, and 50% butter-margarine mixture by some
traditional (Reichert-Meissl, saponification and iodine numbers) and modern methods (GC, DSC, and FTIR) were
performed. The results show that mixing margarine with butter (50% butter-margarine) decreases the numbers
of R-M and saponification while it increases the number of iodine. It is seen that the GC method is a very reliable
method for detecting fake butter. In DSC analysis, it was understood that butter has narrow melting peaks at very
low temperatures, while margarine has wider melting peaks at higher temperatures. In the DSC curve of 50%
butter-margarine, it was determined that especially the number of melting peaks of fatty acids increased.
According to DSC and FTIR analysis, it is remarkable that the amount of water in margarine is much higher than
butter. Especially in FTIR analysis, some peaks (1740 cm™! peak and the range of 2900-2800 cm-1) guide us in
determining the purity of butter.
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