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ABSTRACT 
 

The precision and sensitivity of some methods for detecting palm oil (PO) in milk fat was evaluated. The 
liquefied butter oil (BO) and PO were mixed in proportions of 10:0, 8:2, 6:4, 4:6, 2:8 and 0:10 (w/w) to create 6 
treatments. Two treatments represent the original components and four were binary blends. The addition of PO 
to BO caused substantial changes in fat constants, fatty acids composition, and sterols & tocopherols contents. 
The changes were proportional to the addition level. In particular, saponification (SV), Reichert-Meissl (RM) 
and Polenske (PV) values as well as short chain (SCFAs), medium chain (MCFAs), and saturated (SFAs) fatty 
acids decreased, while iodine value (IV), unsaturated fatty acid (USFAs), β-sitosterols and tocepherols fractions 
increased with increasing the level of PO. The determination of the SV, RM, PV and IV to detect the PO in BO 
was not sufficient at addition level less than 40.0% PO in BO. Based on the changes induced in linoleic acid and 
fatty acids groups (SFAs and USFAs); the adulteration of BO with 20.0% PO can be detected. However, 
myristic acid, which the most abundant MCFAs, was still within the normal range of BO. The addition of 5.0% 
PO to the BO got the limit of cholesterol percentage as well β-sitosterol contents and tocopherol fractions 
especially -tocopherol out of the normal range. Therefore, the determination of sterols or/and tocopherols 
fractions to detect the PO as an adulterant in pure BO was more sensitive compared with milk fat constants and 
fatty acids profiles. 
 
Key word: Adulterated milk fat, palm oil, butter oil, fat constants, fatty acid profiles, sterols, tocopherol 

fractions  
 
Introduction 

 
Many consumers prefer a natural milk fat without fractionation or mixing with vegetable fats or animal 

depot fat. In several countries imitation products, in which, e.g., milk fat is partly replaced with vegetable fats, 
are permitted whilst they are prohibited in other countries (Precht, 1991). Adulteration of milk fat has always 
been a serious problem because of the economic advantages of partly replacing high-priced fats with low-priced 
oils without labeling the product accordingly (Lipp, 1996 and Destaillats et al., 2006). 

The addition of extraneous fats to milk fat can be detected through several analytical methods such as 
chemical analysis, gas chromatographic analysis of fatty acids Sharma & Singhal (1996), triacylglycerols 
(Soliman & Younes, 1986 and Destaillats et al. (2006) or sterols (Contarini et al., 2002 and Lopez-Ortiz et al., 
2006), and other techniques. The common methods of detecting such adulteration has consisted in determining 
the fatty acid composition of the fat obtained from the suspected product. Based on the relative concentration of 
butyric and oleic acids in a sample of fat extracted from cheese, the addition of vegetable fat to milk fat will 
alter the relative concentrations of butyric and oleic acids in milk fat and will lower the value of the ratio of the 
concentrations of butyric to oleic acid (Fox et al. (1989). However, determination of classes of milk fat TGs 
according to their carbon number (CN) has been reported to be a more effective criterion than fatty acid 
composition for determining their origin (Contarini et al., 1993). Triglycerides determination has also been used 
to detect low levels of mixtures of foreign fats in milk fat and has been proposed by the EC as an official 
method for controlling milk fat purity (Gutiérrez et al. (2009). 

Very often, adulteration can be detected from the presence of minor components that occur in the adulterant 
and not in the food itself. In such cases, trace chemical analysis is necessary to assess the purity. For example, β-
sitosterol is the predominant sterol of the most vegetable oils, while the cholesterol is the principal sterol of the 
beef tallow and milk fat. Youness and Solimán (1988) reported that the beef tallow could not be detected in 
butterfat up to 6.0% beef tallow in butterfat, while cottonseed oil was easily detected even at 2.0% cottonseed 
oil in butterfat. The presence of the trans isomer in a milk fat sample is sufficient evidence to the presence of 
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hydrogenated oil (Mannaert, 1975 and Youness, 1991). Also, the microscopic appearance and the melting point 
of fat sterol acetate could greatly assist in detecting the vegetable fat in butter fat. 

Palm oil is a natural product and has been consumed for many decades. It is now used worldwide for 
manufacture of a wide variety of food products, because of its numerous advantageous properties, such as its 
high thermal and oxidative stability and its plasticity at room temperature (Noor-Lida et al., 2002; Mamat et al., 
2005 and Rosnani et al., 2007). Palm oil and its products are ideally suited to be used in many food product 
formulations including margarine soft cheeses, processed cheese, butter, ice cream and milk powder. The use of 
PO can be maximized by employing modification processes such as fractionation, blending, interesterification 
and hydrogenation (Abdul Azis et al., 2011). Therefore, the aim of this study was to produce binary mixtures of 
butter oil and palm oil, and evaluate the precision and sensitivity of some methods for detecting palm oil added 
to milk fat. 

 
Materials and Methods 
 
1. Materials: 
 
1.1 Butter oil (BO): 
 

Fresh butter was obtained from processing milk unit, Faculty of Agriculture, Cairo University, Giza, Egypt. 
Butter oil (Anhydrous milk fat) was prepared by the method of Amer et al (1985). Fresh butter was melted at 
60°C, removing the top oil layer, filtering through glass wool and drying the resulting oil over anhydrous 
sodium sulphate. The oil then refiltered (under vacuum, Whatman 41 paper) to obtain clear oil (~99.5% milk 
fat), flushed with nitrogen and stored at -20°C until used. 
 
1.2 Palm oil (PO):  
 

Palm oil was obtained from the ״Extracted Oils and Derivatives Company״ (Safola Misr Company), 10th of 
Ramadan City, Egypt. The sample flushed with nitrogen and stored at -20°C until used. 
 
1.3 Standards:  
 

Cholesterol (C27H46O), β-sitosterols (C29H50O), α-tocopherol (C29H50O2), -tocopherol (C28H48O2) and and 
- tocopherol (C27H46O2) were obtained from MERCK, Darmstadt, Germany. 
 
1.4 Butter oil and palm oil blends:  
 

Formulated oil blends were prepared after complete melting of BO and PO at 70±0.5°C for 10 min. The 
liquefied BO and PO were mixed in proportions of 10:0; 8:2, 6:4, 4:6, 2:8 and 0:10 (w/w) to create 6 treatments. 
Two of them samples represent the original components and four treatments were binary blends. All treatments 
were stored at -20°C until analyses. 

 
2. Methods:  
 
2.1 Fat constants: 

 
The iodine (IV), saponification (SV), Reichert-Meissl (RM, soluble volatile fatty acids) and Polenske (PV, 

insoluble volatile fatty acids) values of the tested samples were determined to the method described in AOAC 
(2005).  
 
2.2 Fatty acids profiles: 

 
The method recommended by AOAC (2005) was used for preparation of fatty acid methyl esters. The 

methyl ester of the fatty acids compounds were analyzed with a Perkin Elmer Auto System XL (GC) gas 
chromatography equipped with flame ionization detector (FID), Fused silica capillary column ZB-Wax (60 m x 
0.32 mm i.d). The oven temperature was programmed in two stages as follows: first held at 40C for 5 min and 
then from 40 to 220C at rate 3C/min. Detector and injector temperature generally were 250, 230C; 
respectively. The carrier gas (helium) flow rate was 1 ml/min. 
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2.3 Sterols fractions  
 
Sample preparation:  
 

To 1 g of the sample, methanolic solution of 10 mol/L potassium hydroxide (9:1) was added and refluxed 
for 30 minutes. The samples of fat were dissolved in 10 ml of isopropanol prior to the saponification and an 
aliquot of 1 ml was used. After cooling 5 ml of deionised water and 10 ml of n-hexane were added and 
intensively shaken for 20 minutes. The organic layer was separated, washed with deionised water to the neutral 
reaction and dried with anhydrous sodium sulphate. The hexane solution was evaporated and residue was 
dissolved in 1 ml of methanol for HPLC analysis (Borkovcova et al., 2009). 
 
Identification of sterols fractions:  
 

The sterol fraction obtained by above method was dissolved in methanol, and 20 μL solution was injected. 
Analysis was performed on the liquid chromatograph HPLC (Knauer, Germany) with UV detector at 250 nm. 
Gemini-Nx 5u, C18, 250 × 4.6 mm column was used under the following conditions: Isocratic elution with 
mobile phase of methanol and water (95:5) mixture at flow rate 0.7 ml/min, column temperature was set up at 
35°C. For sterols identification standard solutions of cholesterol and β-sitosterol were analyzed under the same 
conditions to compare retention times. Data were collected and evaluated by software claritychrome (Knauer, 
Germany) according to cholesterol and β-sitosterol as external standard. 
 
2.4 Tocopherols Fractions: 

 
Tocopherols (-, - and - form) of the tested samples were prepared according to the method of Amaral et 

al (2005). Samples (~300 mg) were accurately weighed in glass screw cap tubes and homogenized with 2 ml 
ethanol by Vortex mixing (1 min), 100 μl of butylated hydroxy toluene (10 mg/ml) was added for protection 
from oxidation. Subsequently, 4 ml hexane was added and again Vortex mixed for 1 min. Two ml saturated 
NaCl aqueous solution was added, the mixture was homogenized (1 min), centrifuged at 5000 xg for 2 min, and 
the clear upper layer was carefully transferred to another glass screw cap tube. The sample was re-extracted 
twice with hexane. The combined extracts were dried under a nitrogen stream, at room temperature. The 
samples were transferred to micro centrifuge tubes with 1.5 ml of hexane and finally, dehydrated with 
anhydrous sodium sulphate. The extract was centrifuged (10000 g, 20 sec.), transferred into a dark injection vial 
and analyzed by HPLC.  
 
Identification of tocopherols fractions:  
 

Analysis was carried out at room temperature on the liquid chromatograph HPLC (Knauer, Germany) 
equipped with UV detector at 250 nm. Gemini-Nx 5u, C18, 250×4.6 mm column was used. Mobile phase was a 
mixture of hexane and isopropanol (99:1 v/v) at flow rate 1.5 ml/min. The concentration of α,  and γ-
tocopherols in the samples were obtained by comparing their peak areas with the peak area of standards in 
relation to concentration. 
 
Standard preparation:  
 

Appropriate volumes of the stock solutions of the tocopherol standards were mixed to obtain a mixed 
tocopherol standards working solution, and dilute of with methanol to give a solution containing 1 µg/mL of 
each tocopherol. Then the solution was filtered with 0.45µ disposal polytetrafluroehylene (PTFE) syringe filter. 

 
Results and Discussion 

 
Fat constants: 

 
Chemical constants of butter oil (BO), palm oil (PO) and their blends are given in Table 1. The results show 

that BO was higher in saponification (SV), Reichert-Meissl (RM) and Polenesk (PV) values than in PO (Table 
1). In particular, SV, RM and PV of BO were 225, 28.7 and 1.53, while those of PO were 195, 0.60 and 0.33, 
respectively. These results are in the normal range reported by Celik & Bakirci (2000); Fatouh et al. (2005); 
Ozkanli & Kaya (2005); Zaidul et al. (2007); Samet-Bali (2009) and Dhurvey et al. (2012). The addition of PO 
to BO caused a gradual decrease in SV, RM and PV of BO; the decreasing was proportional to the additional 
level. However, the addition of PO to the BO in the ratio 20.0 to 40% may did not affect the normal range of SV 
(210-233), RM (17-35) and PV (1.2-2.4) of the resultant mixture, while the addition of PO to BO in the ratio 
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more than 40.0% may be got the SV, RM and PV out of the normal range reported by many researchers as well 
Fatouh et al. (2005); Park et al. (2007); Samet-Bali (2009); Abd El-Aziz et al. (2012) and Dhurvey et al. (2012). 
Inversely to SV, RM and PV; iodine value (IV) of BO (34.3) was lower than those of PO (47.3). The increase in 
IV of PO could be attributed to the PO has higher unsaturated fatty acid content, namely oleic and linoleic acids, 
than BO (Table 2). The addition of PO caused a gradual increase in IV of BO; the increasing was proportional to 
the addition level. According to iodine value of BO reported by other researchers as well Fatouh et al. (2005); 
Kumar et al. (2010); Abd El-Aziz et al. (2012) and Dhurvey et al. (2012), the addition of PO to BO in the ratio 
40.0% or more got the IV out of the normal range of BO (27-35). Therefore, the determination of the SV, RM, 
PV and IV to detect the PO as an adulterant in pure milk fat was not sufficient at addition level less than 40.0% 
PO in pure BO.  

 
Table 1: Chemical constants of butter oil, palm oil and its blends. 

Treatments Saponification number Iodine 
value 

Reichert 
value 

Polenesk 
value 

BO 225 34.3 28.7 1.53 
BO/PO20 218 39.3 25.0 0.73 
BO/PO40 210 41.0 20.1 0.57 
BO/PO60 200 42.7 12.0 0.38 
BO/PO80 197 45.3 6.00 0.35 

PO 195 47.3 0.60 0.33 
BO, butter oil; PO, palm oil; BO/PO20, mixture of butter oil with 20% palm oil; BO/PO40, mixture of butter oil with 40% palm oil; BO/PO60, 
mixture of butter oil with 60% palm oil; BO/PO80, mixture of butter oil with 80% palm oil. 

 
2. Fatty acids profile: 

 
The results presented in Table 2 shows that, BO was characterized by short-chain (SCFAs) medium-chain 

(MCFAs) and long-chain (LCFAs) fatty acids. In PO, SCFAs and MCFAs, except myristic fatty acid, were not 
found, while LCFAs were the most abundant, especially palmatic, oleic and linoleic acids. BO contained a 
higher portion of SFAs (67.46%) and lower portion of USFAs (32.54%) than PO (52.53 and 47.47%, 
respectively). Therefore, adulteration of BO with various levels of PO caused significant changes in certain fatty 
acids; i.e., butyric, myristic, palmatic, stearic, oleic and linoleic acids, the change was increased with increasing 
percentages of PO. In particular, with increasing the levels of PO, butyric and myristic acids gradually 
decreased, while palmatic, stearic, oleic and linoleic acids gradually increased (Table 2). Similar observations 
were found by Fox et al. (1989) in blend of milk fat with soybean oil and by Calvo et al. (2007) in Egyptian 
processed cheese containing PO. 

 Butyric and myristic acids were the most abundant SCFAs and MCFAs in BO, respectively. Based on the 
variations in the composition of milk fat, which related to seasonal changes, peculiarities in feeding, breed of 
cows and technological issues, and according to a wide range of butyric acid in BO (1.52 to 4.52%) reported by 
other researchers as well Fatouh et al. (2007) and Aguedo et al. (2009), the butyric acid content could not be 
used alone for detecting PO in BO, especially if the value is high initially. However, BO contain a higher 
myristic acid percentage (11.18%) compared with PO (1.06%), and it would be advantageous for detecting PO 
in BO the ratio because the addition of PO will, in effect, dilute the concentrations of the myristic acid by an 
amount equal to the concentration of the added PO. As shown in Table 2, the addition of 40.0% PO may be got 
the myristic acid percentage out of the normal range of BO (9.0 to 12.05) reported by Bhaskar et al. (1998); Sol-
Morales et al. (2000); Fatouh et al. (2005); Samet-Bali et al. (2009) and Aguedo et al. (2009). 

Palmatic and oleic acids are an obvious choice because these are the largest components of PO and are the 
LCFAs that differ significantly in concentration from LCFAs found BO. As shown in Table 2, the addition of 
20.0% PO to the BO got the percentage of palmatic acid out of the normal range reported by Fox et al. (1989); 
Erman et al. (2006); Chmilenko et al. (2011) and Abd El-Aziz et al. (2012). However, according to the lower 
limit of palmtic acid (~26%) reported by Fox et al. (1988) and Wright et al. (2000), addition of 40.0% PO was 
sufficient to get the percentage of palmatic acid out of the normal range. A similar, but less marked, gradually 
increase in oleic acid was observed with addition of PO in BO. Therefore, a greater concentration of PO was 
required to increase the value to the abnormal range. In addition, the lower limit of linoleic acid in BO (1.93%) 
compared with PO (9.55%) was useful in detecting PO in BO, whereas adding 20.0% PO to BO will increase 
the relative concentration of linoleic acid by about 69%. Lopez et al. (2006) and Heussen et al. (2007) reported 
that butter fat did not contain more than 2.0% linoleic acid whereas vegetable oils and hydrogenated fats 
contained a much higher percentage of this acid. Therefore, the addition of 20.0% PO is sufficient to get the 
linoleic acid percentage out of the normal range of BO even if the value is low initially.  
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3. Fatty acids ratios: 
 
Some of the possible fatty acid groups or individual fatty acids ratios are presented in Table (3). The 

addition of PO will, in effect, dilute the concentrations of the SCFAs and MCFAs while increase the 
concentrations of the LCF as by amount equal to the concentrations of the added PO. According to several 
studies as well Graill & Hartel (1992) and Rodrigues & Gioielli (2003), which reported that the concentration of 
SFAs in milk fat ranged between 65.0 to 70.0%, when the ratio of SFA/USFA is less than 1.857, and 
LCFAs/SCFAs and USFAs/total FAs higher than 22.67 and 0.35 respectively, the adulteration of BO with PO, 
can be detected. As shown in Table 3, the addition of 20.0% PO induced major changes in ratios of fatty acids 
groups and was sufficient to detect PO in BO. 

Concerning to individual fatty acids, the increase of myristic, palmatic, oleic and linoleic acids with the 
increasing of PO concentrations, elevated the ration of C16/C14, C18:1/C18, C18:1/C14 and C14/C8 acids, while 
depress the ratio of C4/C18:1 and C14/C12 acids (Table 3). The ratios of C16/C14 and C18:1/C14 acids were the most 
affected by addition of PO. Adding 20.0, 40.0, 60.0 and 80.0% PO to BO increased the ratio of C16/C14 acid by 
3.87, 5.19, 7.75 and 13.16% respectively, while adding the same percentage of PO increased the ratio of 
C18:1/C14 acid by about 2.98, 4.06, 6.370 and 11.77%. Therefore, based on the concentration of myristic, 
palmatic and oleic acids found in this study and that reported by former researchers, when the ratio of C16/C14 
and C18:1/C14 acids are more than 3.85 and 3.05 respectively, the adulteration of BO with 20.0% PO can be 
detected.  

 
Table 2: Fatty acids profile of butter oil, palm oil and its blends. 

Fatty acids Treatments 
BO BO/PO20 BO/PO40 BO/PO60 BO/PO80 PO 

 (%) 
C4 1.97 1.68 1.17 0.74 0.49 0.00 
C6 1.25 0.93 0.51 0.41 0.25 0.00 
C8 0.74 0.54 0.44 0.27 - 0.00 
C10 1.54 1.21 0.82 0.64 0.52 0.00 
C12 1.90 1.86 1.39 1.05 0.69 0.00 
C14:0 11.18 9.75 7.64 5.15 3.11 1.06 
C14:1 0.74 0.51 0.45 0.29 0.12 0.00 
C16:0 34.7 37.78 39.64 39.9 40.92 43.13 
C16:1 1.46 1.36 1.38 1.13 0.72 0.15 
C18:0 13.23 9.96 8.99 9.33 7.92 7.93 
C18:1 27.1 29.04 31.02 32.81 36.63 37.56 
C18:2 1.93 3.27 4.59 6.46 8.03 9.55 
C18:3 1.71 1.66 1.41 1.32 0.21 0.21 
C20 0.53 0.48 0.51 0.47 0.39 0.38 

       
SCFAs (C4-8) 3.96 3.15 2.12 1.42 0.74 0.00 

MCFAs (C10-14) 15.36 13.33 10.3 7.13 4.44 1.06 
LCFAs (C16-20) 80.66 83.55 87.54 91.42 94.82 98.91 

SFAs 67.06 64.16 61.15 57.99 54.29 52.53 
USFAs 32.94 35.84 38.85 42.01 45.71 47.47 

BO, butter oil; PO, palm oil; BO/PO20, mixture of butter oil with 20% palm oil; BO/PO40, mixture of butter oil with 40% palm oil; BO/PO60, 
mixture of butter oil with 60% palm oil; BO/PO80, mixture of butter oil with 80% palm oil; SCFAs, short chain fatty acids; MCFAs, medium 
chain fatty acids; LCFAs, long chain fatty acids; SFAs, saturated chain fatty acids; USFAs, unsaturated chain fatty acids. 
 
Table 3: The ratios of fatty acid groups and individual fatty acids of butter oil, palm oil and its blends 

Fatty acids ratios Treatments 
BO BO/PO20 BO/PO40 BO/PO60 BO/PO80 PO 

SFA/USFA 2.035 1.790 1.574 1.380 1.187 1.106 
TUSFA/TFA 0.329 0.358 0.388 0.420 0.457 0.474 

LCFAs/SCFAs 22.37 26.37 41.05 64.04 127.6 0.000 
C4/C6-8 0.990 1.143 1.231 1.088 1.960 0.000 
C14/C8 15.10 18.05 17.36 19.07 0.000 0.000 
C12/C10 1.234 1.537 1.695 1.640 1.327 0.000 
C14/C12 5.884 5.240 5.496 4.904 4.507 0.000 
C16/C14 3.104 3.874 5.188 7.747 13.16 40.69 
C18:1/C18 2.048 2.915 3.450 3.516 4.625 4.736 
C4/C18:1 0.073 0.057 0.037 0.022 0.013 0.000 
C18:1/C14 2.423 2.978 4.060 6.370 11.77 35.43 

BO, butter oil; PO, palm oil; BO/PO20, mixture of butter oil with 20% palm oil; BO/PO40, mixture of butter oil with 40% palm oil; BO/PO60, 
mixture of butter oil with 60% palm oil; BO/PO80, mixture of butter oil with 80% palm oil. 
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4. Sterols fractions: 
 
Table 4 shows the sterol fractions (cholesterol as the major sterols in milk fat and β-sitosterol as the major 

sterols in most vegetable oils) of BO, PO and its blends for detecting PO or vegetable oils in BO. The total 
content of cholesterol and β-sitosterol in BO or PO were 231.0 (94.42%) and 8.5 mg/100g. This value is 
agreement with other researchers as well Alonso et al. (1997); Contarini et al. (2002) and Sundram et al. (2003). 
Molkentin (2006) reported that the average cholesterol content in bovine milk fat obtained from butter was 
265.5 mg/100g with a variation of 204.3 - 382.4 mg/100g. However, β-sitosterol as the major phytosterols in PO 
(Alonso et al., 1997; Sambanthamurthi et al., 2000 and Sundram et al., 2003), was 315 mg/100g (68.11%) for 
PO, while was 1.5 mg/100g for BO (0.33%). These results mean that, BO had highest cholesterol content and 
lowest β-sitosterol content, while PO had highest β-sitosterol content and lowest cholesterol content. Therefore, 
the addition of PO to BO caused a gradual increase in β-sitosterol and gradual decrease in cholesterol compared 
with pure BO; the changes were proportional to the addition level. With the addition of 20.0, 40.0, 60.0 and 
80.0% PO, the β-sitosterol elevated by 12.93, 27.03, 41.12 and 55.64% respectively compared with pure BO 
(0.33%). 

Based on the evidence for the presence of β-sitosterol content in pure BO (Table 4) and the highest limit of 
β-sitosterol in BO (2.3 mg/100g fat) reported by Contarini et al. (2002); the determination of β-sitosterol content 
can be used to detect the adulteration with PO when applied to an admixture contains ≥ 5.0% PO. However, due 
to large amounts and great variability of the cholesterol present in BO (204.3 to 382.4), which reported by other 
researchers as well Molkentin (2006) and that presented in Table 4; the determination of cholesterol content 
would not be successful when applied to a mixture contains lower concentration of PO. 

Regardless of the cholesterol amount, the higher percentage of cholesterol fraction in BO (94.4%) 
compared with PO (3.5%) was useful in detecting PO in BO. These mean that, the addition of PO caused 
gradual decrease in cholesterol percentage of BO. According to these results and higher limit of cholesterol 
percentage (~ 98%) reported by Contarini et al. (2002) and Borkovcová (2009), the addition of 5.0% PO was 
sufficient to depress the percentage of cholesterol fraction to the lower limit (>94.0%) even if the percentage is 
high initially (~98.0%). 

 
Table 4: Sterols contents of butter oil, palm oil and its blends. 

Treatments Cholesterol β-sitosterol 
(mg/100g) (%) (mg/100g) (%) 

BO 231.0 94.4 1.50 0.33 
BO/PO20 188.4 77.0 5.97 12.9 
BO/PO40 142.4 58.2 12.5 27.0 
BO/PO60 95.10 38.9 19.0 41.1 
BO/PO80 51.60 21.1 25.7 55.6 

PO 8.500 3.50 31.5 68.1 
BO, butter oil; PO, palm oil; BO/PO20, mixture of butter oil with 20% palm oil; BO/PO40, mixture of butter oil with 40% palm oil; BO/PO60, 
mixture of butter oil with 60% palm oil; BO/PO80, mixture of butter oil with 80% palm oil 

 
2.7.2 Tocopherols fractions: 

 
Tocopherols content of butter oil, palm oil and its blends which determined by HPLC as another component 

of the unsaponifiable fraction are presented in Table 5. It is evident from the results that, BO had the lowest 
tocopherols fractions as compared to PO. In particular, α-tocopherols, γ-tocopherol and δ-tocopherol of BO 
were 2.31, 0.6 and 0.1 while these of PO were 31.5, 27.6 and 6.1 mg/100 g fat, respectively. Also, it could be 
seen that the total tocopherol (α-tocopherols, γ-tocopherol and δ-tocopherol) in BO was accounted 3.01 
mg/100g fat, while the total tocopherol in PO was 65.2 mg/100g. A similar observation was found by Lusas and 
Riaz (1996) and Alonso et al. (1997). In most cases, therefore, the addition of PO to BO will result in a 
significant increase in the tocopherol content of the adulterated BO. Thus the tocopherol content of BO should 
be a valuable index of adulteration with PO. These results are coincident with those reported by Maduko et al. 
(2008); Rossell et al. (1983); Schwartz et al. (2008) and Dolde et al. (1999). 

Our observations show that with the addition of 20.0% PO, the α- and total tocopherol contents of 
adulterated BO were elevated 2.5 and 4 times compared with pure, respectively. Based on these results as well 
as the fact that the tocopherol content of butterfat is low (10 to 50 ppm.) and higher value (3.27 and 6.65 
mg/100g for α-tocopherol and total tocopherol, respectively) reported by Lusas and Riaz (1996), the addition of 
20.0% PO or less (10.0% PO) to BO was sufficient to detect the PO in BO. In addition, PO had a large amount 
from γ- and δ-tocopherol (27.6 and 6.1 mg/100g) which can be found in very a few amounts or traces in BO (0.6 
and 0.1 mg/100g). These results are agreement with the data obtained by Lopez-Ortız et al. (2006). With the 
addition of 20.0% PO, the γ- and δ-tocopherol contents of adulterated BO were elevated 9 and 11 times 
compared with pure, respectively. Based on these results and based on fact that α-tocopherol is the principal 
form present in animal fats, while vegetable oil contain considerable quantities of non α- forms (Chase et al 
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(1994; Sambanthamurthi et al., 2000; Edem et al., 2002 and Tan et al., 2009); presence PO as the adulterant 
would be easily detected when applied to an admixture contains 5.0% PO.   

 
Table 5: Fractions of tocopherols contents of butter oil, palm oil and its blends 

Treatments α-Tocopherol γ-Tocopherol δ-Tocopherol Total 
 (mg/100g fat) 

BO 2.31 0.60 0.1 3.01 
BO/PO20 5.90 5.50 1.1 12.5 
BO/PO40 12.1 11.3 2.9 26.3 
BO/PO60 16.7 15.4 3.2 35.3 
BO/PO80 25.2 21.8 4.9 51.9 

PO 31.5 27.6 6.1 65.2 
BO, butter oil; PO, palm oil; BO/PO20, mixture of butter oil with 20% palm oil; BO/PO40, mixture of butter oil with 40% palm oil; BO/PO60, 
mixture of butter oil with 60% palm oil; BO/PO80, mixture of butter oil with 80% palm oil 

 
Conclusion: 

 
The addition of palm oil to milk fat can be detected through several analytical methods. The determination 

of cholesterol percentage as well content of β-sitosterol and -tocopherol allow the detection of small amounts 
of palm oil (≥ 5.0%). However, the determination of the milk fat constants to detect the palm oil in milk fat was 
not sufficient at addition level less than 40.0%. The determination of fatty acid composition shows acceptable 
sensitivity for detecting the addition of more than 20.0% palm oil in milk fat. 

 
References 

 
Abdul Azis, A., Y. Mohamud, K. Roselina, H.C. Boo, L.C. Nyuk and Y.B. Che Man, 2011. Rheological, 

chemical and DSC thermal characteristics of different types of palm oil/palm stearin based shortenings. Int. 
Food. Res. J., 18: 189-200. 

Abd El-Aziz, M., S.M. Kholif and T.A. Morsy, 2012. Buffalo’s milk composition and its fat properties as 
affected by feeding diet supplemented with flaxseed or fibrolytic enzymes in early lactation. J. Life Sci., 4: 
19-25. 

Aguedo, M., J.M. Giet, M. Hanon, G. Lognay, B. Wathelet, J. Destain, R. Brasseur, M. Vandenbol, S. Danthine, 
C. Blecker and J. P. Wathelet, 2009. Calorimetric study of milk fat/rapeseed oil blends and their 
interesterification products. Euro. J. Lipid. Sci. Techn., 111: 376-385.  

Alonso, L., J. Fontecha, L. Lozadab and M. Juárez, 1997. Determination of mixtures in vegetable oils and milk 
fat by analysis of sterol fraction by Gas Chromatography. JAOCS., 74: 131-135. 

Amaral, J.S., S. Casal, D. Torres, M.R. Seabra and P.B. Oliveira, 2005. Simultaneous determination of 
tocopherols and tocotrienols in hazelnuts by a normal phase liquid chromatographic method. Anal. Sci., 21: 
1545-1548. 

Amer, M.A., D.B. Kupranycz and B.E. Baker, 1985. Physical and Chemical Characteristics of Butterfat 
Fractions Obtained by Crystallization from Molten Fat. JAOCS., 62: 1551-557. 

AOAC, 2005. Official Methods of Analysis. (18th Edition), Published by the Association of Official Analytical 
Chemists, Arlington, Virginia, USA. 

Bhaskar, A.R., S.S.H. Rizvi, C. Bertolib, L.B. and B. Hug, 1998. A Comparison of Physical and Chemical 
Properties of Milk Fat Fractions Obtained by Two Processing Technologies. JAOCS., 75: 1249-1264. 

Borkovcová, I., E. Janoušková, M. Dračková, B. Janštová and L. Vorlová, 2009. Determination of Sterols in 
Dairy Products and Vegetable Fats by HPLC and GC Methods. Czech J. Food. Sci., 27: 217-219. 

Calvo M.V., M. Juarez, J. Fontecha, M. El-Aasar, M. Naguib and H.M. Abd El Salam, 2007. Effect of milk fat 
replacement with vegetable oils on fatty acids composition and conjugated linoleic acid content of market 
Egyptian processed cheeses. Egypt. J. Dairy Sci., 35: 97-108. 

Celik, S. and I. Bakirci, 2000. A study of on the physical and chemical properties of cookery- type butter. 
Pakistan J. Biological Sci., 3: 596-598.   

Chase, G.W., C.C. Akoh and R.R. Eitenmiller, 1994. Analysis of tocopherols in vegetable oils by high-
performance liquid chromatography: comparison of fluorescence and evaporative light-scattering detection. 
JAOCS., 71: 877-880. 

Chmilenko, F.A., P.N. Minaeva and P.L. Sidorova, 2011. Complex chromatographic determination of the 
adulteration of dairy products: a new approach. J. Anal. Chem., 66: 572-581. 

Contarini, G., R. Leardi, C. Pezzi and P.M. Toppino, 1993. Evaluation of butter genuineness by using 
triacylglycerides and fatty acid analysis. Riv. Ital. Sostanze Grasse., 70: 491-499. 

Contarini, G., M. Povolo, E. Bonfitto and S. Berardi, 2002. Quantitative analysis of sterols in dairy products: 
experiences and remarks. Int. Dairy. J., 12:  573-578. 



793 
J. Appl. Sci. Res., 9(1): 786-794, 2013 

 

 

Destaillats, F., M. Wispelaere, F.  Joffre, P.A.  Golay, B.  Hug, F. Giuffrida, L.  Fauconnot and F. Dionisi, 2006. 
Authenticity of milk fat by fast analysis of triacylglycerols Application to the detection of partially 
hydrogenated vegetable oils. J. Chromatography A., 1131: 227-234. 

Dhurvey, Y.R., P.S. Kawtikwar and D.M. Sakarkar, 2012. Evaluation of physicochemical properties of cow 
ghee before and after hydrogenation. Int. J. Chem and Tech Res., 4: 185-189. 

Dolde, D., C. Vlahakis and J. Hazebroek, 1999. Tocopherols in breeding lines and effects of planting location, 
fatty acid composition, and temperature during development. JAOCS., 76: 349-355. 

Edem, D.O., 2002. Palm oil: Biochemical, physiological, nutritional, hematological, and toxicological aspects: 
A review. Plant Foods for Human Nutrition, 57: 319-341. 

Erman, F., S.  Aydin, Y. Demir, F. Akcay and E. Bakan, 2006. Determination of saturated and unsaturated fatty 
acids amount in leukocyte membranes from Subjects fed with solid and fluid oils. J. Biochemistry. 
Molecular Biology, 39: 516-521 

Fatouth, A.E., R.K. Singh, P.E. Koehler, G.A. Mahran and A.E. Metwally, 2005. Physical, chemical and 
stability properties of buffalo butter oil fraction obtained by multi-step dry fraction. Food Chemistry, 89: 
243-252. 

Fatouth, A.E., G.A. Mahran, A.M. El-Ghandour and R.K. Singh, 2007. Fractionation of buffalo butter oil by 
supercritical carbon dioxide. LWT 40: 1687–1693. 

Fox, R.J., A.H. Duthie and S. Wulff, 1988. Precision and sensitivity of a test for vegetable fat adulteration of 
milk fat. J. Dairy Sci., 71: 574-581. 

Fox, R.J., A.H.  Duthie and S. Wulff, 1989. Effect of the seasonal variation of fatty acids in milk fat on the 
sensitivity of a test for vegetable fat adulteration. J. Dairy Sci., 72: 1981-1985.  

Graill, D.S and R.W. Hartel, 1992. Kinetics of butterfat crystallization. JAOCS., 69: 741-747. 
Gutiérrez, R., S. Vega, G. Diaz, J. Sanchez, M. Coronado, A. Ramirez, J. Pérez, M. Gonzalez and B. Schettino, 

2009. Detection of non-milk fat in milk fat by gas chromatography and linear discriminate analysis. J. Dairy 
Sci., 92:1846-1855. 

Heussen, P.C.M., H. Janssen, I.B.M. Samwel and J.P.M. van Duynhoven, 2007. The use of multivariate 
modeling of near infra-red spectra to predict the butter fat content of spreads. Analytica Chimica Acta., 595: 
176-181. 

Kumar, M., V. Sharma, D. La, A. Kumar and A. Seth, 2010. A comparison of the physico-chemical properties 
of low-cholesterol ghee with standard ghee from cow and buffalo creams. Int. J. Dairy Tech., 63: 252-254. 

Lipp, M., 1996. Comparison of PLS, PCR and MLR for the quantitative determination of foreign oils and fats 
butter fats of several European countries by their triglyceride composition. Zeitschrift fur Lebensmittel-
Untersuchung und–Forschung, 202: 193-198.  

Lopez-Ortız, C.M., P. Moya and V.B. Navarro, 2006. A rapid chromatographic method for simultaneous 
determination of β-sitosterol and tocopherol homologues in vegetable oils. J. Food Composition and 
Analysis, 19: 141-149. 

Lopez, C., C. Bourgaux, P. Lesieur, A. Riaublanc and M. Ollivon, 2006. Milk fat and primary fractions obtained 
by dry fractionation: 1. Chemical composition and crystallization properties. Chemistry and Physics of 
Lipids, 144:  17-33. 

Lusas, E.W. and N.M Riaz, 1996. Fats in feedstuffs and pet foods. In: Baileys Industrial Oil and Fat Products, 
Edible Oil and Fat Products: Animal and Vegetable Fats, Oils, and Waxes, L.W. Edmund (Ed.), 5th Ed, John 
Wiley & Sons, New York, pp: 1579-1580 

Maduko, C.O., Y.W. Park and C.C Akoh, 2008. Characterization and oxidative stability of structured lipids: 
Infant milk fat analog. JAOCS., 85: 197-204. 

Mamat, H., I. Nor Aini; M. Said and R. Jamaludin, 2005. Physicochemical characteristics of palm oil and 
sunflower oil blends fractionated at different temperatures. Food Chem., 91: 731-736. 

Mannaert, P., 1975. Study of butterfat in Belgium Region 1. Dairy Sci., Abst., 37(8): 5118. 
Molkentin, J., 2006. Cholesterol content and lipid composition of low fat dairy products. J. Euro. Food Res. 

Tech., 223: 253-260. 
Noor-Lida, H.M.D., K. undram, W.L Siew, A Aminah and. S. Mamot, 2002. TAG composition and solid fat 

content of palm oil, sunflower oil, and palm kernel olein blends before and after chemical interesterification. 
JAOCS., 79: 1137-1144. 

Ozkanli, O. and A. Kaya, 2005. Storage stability of butter oils produced from sheeps non-pasturized and 
pasteurized milk. J. Food Chem., 100: 1026-1031.  

Park, Y.W., M. Juarez, M. Ramos and G.F.W. Haenlein, 2007. Physico-chemical characteristics of goat and 
sheep milk. Small Ruminant Res., 68: 88-113. 

Precht, D., 1991. Detection of foreign fat in milk fat: I.Qualitative detection by triacylglycerol formulae. Z. 
Lebensm Unters Forsch., 194: 1-8. 

Rodrigues, J.N. and L.A Gioielli, 2003. Chemical interesterification of milk fat and milk at-corn oil blends. 
Food Res. Int., 36: 49-159. 



794 
J. Appl. Sci. Res., 9(1): 786-794, 2013 

 

 

Rosnani, A.I., N.I. Nor-Aini, M.A. Yazid and H.M. Dzulkifly, 2007. Flow properties of ice cream mix prepared 
from palm oil: anhydrous milk fat blends. Pakistan J. Biol. Sci., 10: 1691-1696. 

Rossell, J.B., B. King and M.J. Downes, 1983. Detection of adulteration. JAOCS., 60: 333-339. 
Sambanthamurthi, R., S. Kalyana and T. Yew-Ai, 2000. Chemistry and biochemistry of palm oil. Progress in 

Lipid Res., 39: 507-518. 
Samet-Bali, O., M.A. Ayadi and H. Attia, 2009. Traditional Tunisian butter: Physicochemical and microbial 

characteristics and storage stability of the oil fraction. J. Food Sci and Tech., 42: 899-905. 
 Schwartz, H., V. Ollilainen, V. Piironen and A. Lampi, 2008. Tocopherol, tocotrienol and plant sterol contents 

of vegetable oils and industrial fats. J. Food Composition and Analysis, 21: 152-161. 
Sharma, R. and P.O. Singhal, 1996. Fatty acid composition, Bomer value and opacity profile of ghee prepared 

from milk adulterated with foreign fats. Ind. J. Dairy Sci., 49: 62-67.  
Sol-Morales, M., D.L Palmquist and W.P. Weiss, 2000. Effects of fat source and copper on unsaturation of 

blood and milk triacylglycerol fatty acids in Holstein and Jersey cows. J. Dairy Sci., 83: 2105-2111. 
Solimán, M.A. and A.N. Youness, 1986. Adulteration of butterfat: Fatty acid composition of triglycerides and 2-

monoglycerides. JAOCS., 63: 248-250. 
Sundram, K., R. Sambanthamurthi and Y. Tan, 2003. Palm fruit chemistry and nutrition. Asia Pacific J. Clin. 

Nutr., 3: 355-362. 
Tan, C.H., H.M. Ghazali, A. Kuntom, C.P. Tan and A.A. Ariffin, 2009. Extraction and physicochemical 

properties of low free fatty acid crude palm oil. J. Food Chem., 113: 645-650. 
Wright, A.J., R.W. Hartel, S.S. Narine and A.G. Marangoni, 2000. The effect of minor components on milk fat 

crystallization. JAOCS., 77: 463-475. 
Youness, N.A., 1991. Adulteration of butterfat: validity of Reichert-MeissI, Polenske and iodine values. Grasas 

y Aceites., 42: 267-270. 
Youness, N.A. and M.A. Solimán, 1988. Adulteration of butterfat: trans-unsaturation content. Grasas y Aceites, 

39: 69-71. 
Zaidul, I.S.M., N.A.N. Norulaini, A.K.M. Omar and R.L Smith, 2007. Blending of supercritical carbon dioxide 

(SC-CO2) extracted palm kernel oil fractions and palm oil to obtain cocoa butter replaces. J.  Food. Eng., 78: 
1397-1409. 
 

                                                                             .                                                                                         
 
 
 


