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LIPID OXIDATION IN POTATO CHIPS 
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FIG. 5. Peroxide values of potato chips produced in oils containing 
different levels of TBHQ during storage at 55 C. 

potato  chips. 
Al though thermal destruct ion and loss through steam 

distillation of  some phenolic ant ioxidants  during frying of  
oils have been reported by Stuckey (17), the results in 
Figures 4 and 5 indicated that  T B H Q  added to the frying 
oil increased the oxidat ion stability of  the po ta to  chips. 
Since the higher the added TBHQ, the lower the pentane 
and peroxide  values of  po ta to  chips, the total  T B H Q  con- 
tent  added in the po ta to  chips could be up to 150 or 200 
ppm which is the m a x i m u m  legal l imit of T B H Q  based 

upon the oil con ten t  of  po ta to  chips (18). 
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ABSTRACT 

A method has been devised which gives the distribution of saturated 
and unsaturated fatty acids of pure and adulterated cow and buffalo 
ghee with lard or margarine. It involves fractionation of pure and 
adulterated butterfat into fractions by fractional crystallization. The 
composition of the fatty acids liberated by the hydrolysis of each of 
the fractions was determined by gas chromatography. Adulteration 
of cow and buffalo ghee with various levels of lard or margarine 
caused significant changes in certain fatty acids, i.e., 22:0, 18:1, 
18:0 and 16:0. It is possible to determine the extent of admixture 
of lard or margarine to either cow or buffalo ghee by applying a 
simple regression equation for certain fatty acids. This technique 
provides a basis for the detection of lipid adulteration. 

I N T R O D U C T I O N  

Butterfa t  is much  higher in price in comparison with o ther  
fat sources. Unethical  suppliers used to adulterate but te r fa t  

with manufac tured  and o ther  fats which are qui te  similar in 
chemical  composi t ion  and less expensive.  Adul te ra t ion  of  
bu t te r fa t  is a cont inuing prob lem for food  law en fo rcemen t  
and commercia l  quality control  laboratories.  Substantial  
endeavors among scientists were made to f ind ways to detec t  
bu t te r fa t  adul terat ion.  Consequent ly ,  several me thods  have 
been proposed  in this respect such as differential  thermal  
analysis (1) and various chromatographic  techniques  (2-4). 
The lat ter  methods  dealt  with fa t ty  acids, unsaponif iables  
and ratios of  some compounds  belonging to each lipid class 
and seem to be superior  to the o ther  me thods  in detect ing 
lipid adulterat ion.  Cont inuing effor ts  to achieve decisive 
techniques  to check lipid adul terat ion are being made.  The 
present  investigation describes the fract ional  crystal l ization 
process at d i f ferent  tempera tures  in conjunc t ion  with gas 
chromatography  as a sat isfactory tool  for  character izat ion 
of  lipid adulterat ion.  

JAOCS, vol. 60, no. 9 (September 1983) 



1666 

D.B. MIN AND D.Q. SCHWEIZER 

MATERIALS AND METHODS 

Sources of Samples 

Pure cow and buffalo ghee were obtained from the Food 
Science and Technology Department,  Dairy Science Divi- 
sion, Faculty of  Agriculture, Cairo University. Margarine 
and crude lard were purchased from the Abu-Zaabal Com- 
pany and the local market,  respectively. The dissected lard 
was heated at 70 C and the melted fat was filtered while 
warm through Whatman no. 1 filter paper to obtain tissue- 
free and water-free lard lipids. These lipid samples can be 
considered as authentic materials. Mixtures were prepared 
containing 5, 10, 15, 20, 25 and 30% (w/w) for margarine 
or lard in cow or buffalo ghee. 

Sources of Authentic Fatty Acids 

A set of  standard fatty acids 10:0, 11:0, 12:0, 13:0, 14:0, 
15:0, 16:0, 16:1, 17:0, 18:0, 18:1, 18:2, 18:3, 20:0, 21:0 
and 22:0 with stated purity of 99% by gas liquid chromato- 
graphy (GLC) was purchased from Nu-Chek-Prep. The 
purity of each standard compound was checked by GLC 
and gave one peak. 

Fractionation of Lipid Materials 

A series of crystallizations were conducted on lipid samples 
from silver ion-containing solvents. The lipid materials to 
be fractionated were dissolved in the silver nitrate-saturated 
methanol/acetone mixture (70:30, v/v) (5). The ratio of  
lipid to silver nitrate-saturated solvent was 1:10 (w/v). The 
crystallization process was carried out  in a constant tem- 
perature cabinet and crystals were separated at the same 
temperature at which crystallization had taken place. The 
lipid solution was held at 22 + 1 C for 24 hr before filtering 
off the precipitate.  The crystals were washed twice with 
fresh solvent mixture (5 mL each time) precooled to the 
temperature of the crystallization cabinet. The mother  
l iquor was used again and the same process was repeated 
at 7 + 1 C and -8 + 1 C. Hence, each lipid sample was frac- 
t ionated by fractional crystallization into 3 different frac- 
tions. 

Methylation of Lipid Materials 

The conversion of  lipid samples and standard fat ty acids to 
fatty acid methyl  esters suitable for GLC analysis was done 
by methanolysis using methanolic potassium hydroxide (6). 

Separation, Identification and 
Determination of Fatty Acid Methyl Esters 

The methyl esters of the fat ty acids and authentic com- 
pounds were analyzed with a GCV Pye Unicam gas chroma- 
tograph equipped with dual flame ionization detectors and 
dual channel recorder. The chromatographic conditions 
were identical to those described by Farag et al. (7). Stan- 
dard methyl esters of  fatty acids were used as authentic 
materials for the characterization of the unknown fatty 
acids, by comparing relative retention times. The retention 
time for palmitic acid (16:0) was given a value of 1.00. 
The peak area was measured by triangulation and the cor- 
rected peak areas were obtained by dividing the areas by 
GLC response factors for each fat ty acid. The percentage of 
the fatty acid was calculated as the ratio of the partial 
areas to the total area. All samples were analyzed in du- 
plicate and average values are presented. 

Statistical Analyses 

The fatty acids which exhibit  major changes in their amounts 
due to admixture with lard or margarine were subjected to 
various statistical analyses (t-test, correlation coefficient (r), 

coefficient of determination [R2%], regression coefficient 
and multiple regression). The fat ty acid percentages were 
transformed using arcsine transformation for correlation 
analysis (8). 

RESULTS AND DISCUSSION 

There is a growing need to be able to predict the presence 
of foreign fats in dairy products before they appear on the 
market.  Hence, a series of crystallizations at different 
temperatures (22, 7 and -8 C) were conducted on pure and 
adulterated lipid materials to find a satisfactory method of 
detecting lipid adulteration. GLC techniques were employed 
in the present study for the qualitative and quantitative 
determination of  various fatty acid methyl esters of  lard 
and margarine admixture to buffalo and cow ghee. The 
chromatographic separation conditions were selected in 
order to determine only the medium- and long-chain fatty 
acids (C10-C22). The fat ty acids 11:0, 13:0, 15:0, 15:1, 
16:1, 17:0, 18:2 and 18:3 were found in amounts less 
than 0.2%, while thevalues of 10:0 and 12:0 ranged between 
1% and 2%. None of  these acids are listed in the tables given 
here. In general, the amounts of various fatty acids were 
divided into three categories, i.e., trace (< 1%), minor (> 1% 
- <  10%) and major (> 10%) components.  

Influence of Fractional Crystallization on 
Fatty Acid Composition of Pure Lipids 

Data of  relative percentage distribution of the various fatty 
acid components obtained from buffalo ghee crystallized 
at 22 C are summarized in Table I. The major fat ty acids 
were 14:0, 16:0, 18:1 and 22:0, with 16:0 being the pre- 
dominant  one. A comparison of the fat ty acids separated 
from buffalo ghee crystallized at 22, 7 and -8 C indicated a 
gradual decrease and increase in the amounts of 14:0, 16:0, 
18:0, 18: 1, 20:0 and 22: 0, respectively. 

The fatty acid composition of  cow ghee separated at 
22 C indicated the presence of 10:0 as a trace substance; 
12:0, 14:0, 18:0, 18:1 as minor materials; and 16:0 and 
22:0 as major constituents, with 22:0 being the pre- 
dominant  acid (Table II). The fatty acid profile of cow ghee 
crystallized at 7 C was quite different from the fraction 
crystallized at 22 C. For  instance, the amount  of 22:0 was 
1.4 times greater than that in the fraction obtained at 22 C, 
while the amounts of 18:1, 18:0, 16:0 and 14:0 were 
respectively, 1.3, 2.6, 1.5 and 1.6 times lower than that pre- 
sent in the first fraction. The same changes were found in 
fatty acids of  the fraction obtained at -8 C. In general, the 
greatest changes had taken place with 22:0, 18:1 and 16:0 
acids. 

Table I shows the fatty acid composition of lard fat 
crystallized at 22 C. The prevalent acids were 16:0, 18:0, 
18:1 and 22:0. The fractional crystallization at 7 and -8 
C caused an enormous decrease in the quantities of 16:0, 
18:0, 18:1; a decrease in the amount  of  20:0 and a remark- 
able increase in the 22:0 content.  

The analysis of margarine fraction separated at 22 C 
indicated the presence of 16:0, 18:1 and 22:0 as major 
constituents, with 18:1 as the most abundant  fatty acid 
(Table 11). Cooling the margarine mother  l iquor at 7 and 
-8 C caused a remarkable decrease and increase in the 
amounts of 16:0, 18:0, 18:1 and 20:0, 22:0 fat ty acids, 
respectively. The ratio of total  saturated to total  unsaturated 
acids (TS/TU) for margarine was the most  different from 
the other lipids. 

In all pure lipid substances (cow, buffalo, lard and 
margarine) the TS/TU and 22:0/16:0 ratios were increased 
by repeating the crystallization process at different tem- 
peratures (7 and -8 C). In other words, fractional crystal- 
lization tended to concentrate the saturated even-numbered 
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LIPID OXIDATION IN POTATO CHIPS 

TABLE III 

Linear Regression Equations for the Adulteration Ratios (X) of 
Adulterants Mixed with Pure Ghee and Certain Fatty Acids (Y) 

Fatty acid Mixing with lard Fatty acid Mixing with margarine 

Cow 

18:0 Y = 8.824 + 0.039 X 18:1 Y = 20.918 + 0.350 X 
R ~%= 93.1 R2%= 92.4 

16:0(Y 1 ) Y = 32.36 + 0.04 X 
R2% = 92.4 

18:0(Y 2) Y = 8.284 + 0.044 X 
R2% = 94.3 
X =-463.917 + 12.645Y~ 
R2% = 99.5 

Buffalo 

+ l l .097y2a 

18:1 Y = 29.049 + 0.259 X 
R 2 % = 99.4 

aRepresents the multiple regression equation between adulteration ratio and the percentage of 
16:0 and 18:0 fatty acids in buffalo ghee. 

1669 

fatty acids in the semisolid fraction by crystall ization 
sequence. 

influence of Fractional Crystallization 
on the Adulterated Lipid Fatty Acids. 

Identif ication of  fa t ty  acids is of  practical interest  because 
when taken as a group, they furnish a f ingerprint  for 
detection of  but ter fa t  adulterat ion.  Adul tera t ion  in the 
current study was determined by using the fat ty  acids 
occurring in the adulterants in amounts  higher than that  in 
pure lipids. In contrast ,  the presence of  compounds  in 
higher quanti t ies in pure lipids than in adulterants was not  
used as an indicator  of  admixture .  

Statistical analyses indicated that  the amounts  of  16:0, 
18:0 and 18:1 acids were significantly changed with dif- 
ferent adul terat ion levels and can be used as a marker  to 
detect admixture .  The significant differences were found in 
these acids of  the first fract ion.  Consequent ly ,  statistical 
informat ion illustrated that  there is no need to carry on 
further crystall izations at d i f ferent  temperatures  in rout ine 
analysis and one should rely on the acids of  the first crystal- 
lization process to check lipid adulterat ion.  It is worth 
ment ioning  that  18:0 and 18:1 obtained f rom the first frac- 
tion were the m o m e n t o u s  acids when lard and margarine 
mixed with pure lipids, respectively,  to de tec t  adulterat ion.  
However,  22:0  of  the second and third fract ions was the 
impor tant  acid in this respect, al though it did no t  increase 
significantly up to a level of  20%. 

In both cow and buffalo ghee, 18:0 had a highly sig- 
nificant correlat ion coeff ic ient  with admixture  by lard. 
This acid showed significant difference when lard was 
added to pure cow or buffalo ghee at a 10% level. However ,  
the correlat ion coeff ic ient  with various adul terat ion levels 
using 18:1 was insignificant. Therefore ,  this acid cannot  be 
used to characterize adul terat ion of  cow or buffalo ghee 
with lard. In contrast ,  this acid became the most  impor tan t  
acid since it showed a highly significent (1%) correlat ion 
with various margarine adulterat ion levels. The amoun t  of  
18:1 increased significantly when it was present at 15% and 
20% levels in cow and buffalo ghee, respectively. 

It is possible to de termine  the ex ten t  of  admixture  of  

lard or  margarine to e i ther  cow or buffalo ghee by applying 
a simple regression equa t ion  for certain fa t ty  acids (Table 
III). By analyzing the fat ty  acids of  lipid samples and ac- 
cording to the fol lowing equat ion ,  the adul terat ion levels 
can be de termined:  

Y = A  + B X  

where Y = the concent ra t ion  of  a particular fa t ty  acid; A = 
cons tan t  value, the in tercept  of  the regression line; B = 
regression coeff icient ;  and X = adul terat ion ratio. 

The mult iple  regression equa t ion  which had the highest  
(R 2) value will be the p redominan t  equat ion to detec t  the 
adul tera t ion of  buffalo ghee. Generally,  when the per- 
centages of  16:0,  18:0 and 18:1 acids of  f ract ion 1 for  the 
pure buffalo ghee were known,  adul terat ion with lard could 
be de tec ted  at the 10% level and with margarine at the 20% 
level. Concerning cow ghee, adul terat ion with lard could be 
distinguished at the 5% level and with margarine at the 15% 
level. This approach provides a basis for the de tec t ion  of  
lipid adulterat ion.  Fur ther  work is needed using ghees, lard 
and margarine produced  under  a variety of  condi t ions,  e.g., 
season of  the year, oils used by different  countr ies  in making  
margarine and the effect  of  hydrogenat ion  in order  to 
generalize the present  technique.  
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