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ABSTRACT
Effect of varying treatments (0, 25, 50, 75 and 100%) of groundnut oil on physico-chemical and 
organoleptic properties of cookies for a period of two months at 15 days intervals, was studied 
at the Cereal Lab of Wheat Research Institute, Ayub Agricultural Research Institute, Faisalabad, 
Pakistan in the year 2016. Groundnut oil was used as a replacement for normal shortening for 
the preparation of cookies. Cookies were packed in low density polyethylene bags and stored at 
room temperature for two months. Physical and chemical properties and fatty acid composition 
of oil were also determined. Groundnut oil, a rich source of easily digestible protein, mineral and 
vitamins, is a nutritious replacement, especially for cardiac health.  The results revealed that 
cookies prepared from groundnut oil were acceptable and somewhat similar to control cookies 
(0 % groundnut oil). In these cookies moisture increased from 2.518 to 2.718%, while a trivial 
decreasing trend was observed in protein (7.62 to 7.50%), fat (24.45 to 24.10%) and ash content 
(0.645 to 0.609%) during storage. Among the physical parameters, only width showed significant 
regression from 27.11 to 26.91mm, while spread factor and thickness indicated no significant 
change in terms of storage. The cookies incorporated with 50% groundnut oil in treatment T3, in 
place of normal shortening were observed to be the most acceptable among treatments having 
the highest width (27.27 mm), highest fat content (24.37%) and maximum colour and flavour 
scores of 7.592 and 7.712, respectively.
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INTRODUCTION
Groundnut (Arachis hypogaea L.) ranks 13th among 
the food crops and 4th among annual oilseed crops in 
the world. It is presently cultivated in 108 countries of 
the world. Asia stands first with 63.4% area producing 
71.7% of world groundnut production followed by 
Africa with 31.3% area and 18.6% production, and 
North-Central America with 3.7% area and 7.5% 
production. Important groundnut producing countries 
are China, India, Indonesia, Myanmar, Thailand, and 
Vietnam in Asia; Nigeria, Senegal, Sudan, Zaire, Chad, 
Uganda, Cote d’Ivory, Mali, Burkina Faso, Guinea, 
Mozambique, and Cameroon in Africa; Argentina and 
Brazil in South America and USA and Mexico in North 
America (Radhamani and Singh, 2008).
The groundnut has been recognized around the world 
as an assortment of colorful names. Americans call 
it groundnut, however, it is known by several other 
names such as African nut, Chinese nut, Manila nut, 
kipper nut, hawks nut, jar nut, earth chestnut, monkey 
nut, goober pea, ground pea, and ground bean 
(Johnson, 1964). In Pakistan, groundnut is grown on 
large scale but no oil is extracted. Groundnut is rich 
in oil, naturally containing 47 to 50 %. The oil is pale 
yellow and has the characteristic odor and flavor of 

groundnuts (O’Brien, 1998). Oil quality and its stability 
are, therefore, very important for the consumers 
(Jambunathan et al., 1992). Groundnut oil is high in 
monounsaturated fat .This oil is considered heart-
healthy were its monounsaturated fat lowers LDL 
i.e. “bad” cholesterol levels without lowering HDL i.e.  
“good” cholesterol levels.
The present research was conducted to study the 
effects of substituting normal shortening with varied 
levels of groundnut oil on physiochemical and sensory 
properties of cookies during storage and analyzing its 
shelf life.

MATERIALS AND METHODS
This study was conducted at Wheat Research Institute, 
AARI, Faisalabad, Pakistan, during the year 2016. 
Among the raw materials, wheat grains were procured 
from the farm of Wheat Research Institute, Faisalabad. 
Straight grade flour was prepared by a UDY cyclone mill 
in the Cereal Lab of the Institute. After milling of wheat, 
flour samples were packed in low density polyethylene 
(LDPE) bags and stored at room temperature for 
further study. Raw shelled groundnut was purchased 
from Barani Agricultural Research Institute (BARI), 
Chakwal, and was sorted to remove damaged and 
immature nuts, alongside dirt and dust. 
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All solvents and chemicals used for the analysis were 
analytical and Gas Chromatography grade. Fatty acid 
standards were purchased from Sigma Chemicals, 
Switzerland.

Physico-chemical properties of groundnut kernels
The weight of 1000-kernels and width/length were 
determined at randomized 250 kernels. The physical 
properties and chemical composition of kernel were 
analyzed according to AOAC (2012). The protein 
content was determined by Kjeldahl method using 5.46 
as the conversion factor (Grosso et al., 1999).

Extraction of groundnut oil
Groundnut kernels were ground, and oil was extracted 
according to method described by Grosso et al. (1999), 
with a slight modification in a soxhlet apparatus. Later, 
the solvent was completely removed under reduced 
pressure in a rotary evaporator and the oil percentage 
was determined by weight difference.

Determination of fatty acids in groundnut oil
Fatty acid profile of groundnut oil was determined 
by Gas Chromatography (GC). Fatty acids were 
derivatized by using the boronitrifluoride method as 
described by Hisil (1988).

Blends formulation and preparation of cookies
Blends of groundnut oil replacing normal shortening 
were used in varying percentages viz. zero % (T1) 
(control), 25% (T2), 50% (T3), 75 % (T4) and 100 % (T5) 
in the formulation of cookies. Cookies were prepared 
according to the procedure described by Arshad et al. 
(2007). The basic ingredients used were as follows:-

Ingredients Quantity
Wheat flour 380 g
Groundnut oil/ normal shortening blends 100 g
Granulated cane sugar 225 g
Whole egg (beaten) 21 g
Salt 3.75 g
Baking powder 1.8 g

The dry ingredients were weighed and mixed thoroughly 
in a bowl by a spatula for 3-5 minutes. Blends of 
groundnut oil and shortening were added and rubbed 
in, until uniform. The egg was added and dough was 
thoroughly kneaded in a mixer for five minutes. The 
dough was rolled thinly on a sheeting board to uniform 
thickness (8.0 mm) and cut out using a round scorn 
cutter to a diameter of 35.0 mm. The cut out dough 
pieces were baked on greased pans at 160 oC for 15 
minutes in a baking oven. The prepared cookies were 
cooled to room temperature (30 + 2 oC) and packed 
in low density polyethylene (LDPE) bags, for further 
storage study.

Storage of cookies 
The prepared cookies were packed in LDPE bags 
and stored at ambient temperature for a period of two 
months. Chemical composition of cookies at an interval 
of 0, 15, 30, 45 and 60 days of storage was determined 
according to the methods described in AACC (2006). 

Chemical analysis of flour and cookies
Chemical analysis of flours and cookies including 
moisture, crude protein, crude fat, total ash and 
crude fibre contents were determined by AACC 
(2006). Nitrogen-free extract (NFE) was calculated by 
difference. The factors, n = 5.70 (for wheat flour), and 
n = 6.25 (cookies) were used for conversion of nitrogen 
to crude protein. 

Physical and organoleptic evaluation of cookies
Physical parameters i.e. width, thickness and spread 
factor of cookies were measured on three replicates 
and mean values were recorded according to AACC 
(2006). Cookies were subjected to sensory evaluation, 
to determine consumer preference for color, flavor, 
texture and overall acceptability, according to method 
of Meilgaard et al. (2007). A panel of ten proficient 
judges participated in the sensory evaluation of 
cookies on a 9-point hedonic scale, where ‘9’ presents 
“liked extremely” and ‘1’ presents “disliked extremely”. 
The coded cookie samples were exhibited in properly 
labeled LDPE bags which are good for packaging 
and extension of shelf life. These were randomized 
and presented to the judges for sensory evaluation at 
Cereal Lab of Wheat Research Institute, Faisalabad. 
The Lab maintained a high degree of personal 
cleanliness, proper removal of smocks, full of hygienic 
conditions and good sanitation practices to prevent 
microbial contamination. 
Statistical analysis
Layout system of research was completely randomized 
design (CRD). The data were statistically analyzed 
using analysis of variance (ANOVA) according to Steel 
et al. (1999). Means were separated by least significant 
difference (LSD) and significance was accepted at p < 
0.05.

RESULTS AND DISCUSSION

Wheat flour analysis
Wheat flour used for cookies preparation had moisture 
(10.33 + 0.15 %), crude protein content (11.26 + 0.25 
%), crude fat (0.94 + 0.04 %), ash (0.72 + 0.02 %), 
crude fibre (0.91 + 0.01 %) and nitrogen free extract 
(NFE) (75.90 + 0.03%). These results were almost 
were similar to the results reported by Mebpa et al. 
(2007), i.e. crude fibre 0.82% and crude fat 1.40%, and 
others also followed approximately.
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Physical and chemical properties of groundnut 
kernel 
The physico-chemical properties of groundnut kernel 
are given in Table 1. The protein content gave a 
mean value of 29.2% and fat content gave a mean 
value of 45.6%. Similarly, ash in groundnut kernel 
was noted as 2.35%, whereas the fibre content was 
recorded as 1.2%. Among physical characters, weight 
of 1000-kernels was observed to be 908.8 g. These 
findings confirm the results reported by Çelik (1995) 
and Özcan (2010).

Table 1. Proximate  composition, weight and width/  
              length ratio of groundnut kernels

Parameters Content
Moisture (%) 10.4 + 0.36*
Crude protein (%) 29.2 + 0.20
Crude fat (%) 45.6 + 0.15
Ash (%) 2.35 + 0.015
Crude fibre (%) 1.2 + 0.15
NFE (%) 11.35 + 0.02
Weight of 1000 kernels (g) 908.8 + 6.85
Width/length (ratio) 0.63 + 0.03

           *Data expressed as mean ± standard deviation (S.D.)

Özcan (2010) analysed the quality parameters of 
several peanut varieties and reported 25.9-32.4% 
protein content, 32.7-45.9% crude fat content, 1.61-
2.36% ash content  and 1.12-1.28% crude fibre 
content. Whereas, 1000 kernel weight also revealed 
coherence with the recorded values, considering their 
standard deviations (S.D). Groundnut is characterized 
by high oil, protein and low ash content. These features 
play key role in the end products of peanut industry 
(Ahmed and Young, 1982 and Özcan, 2010).

Physico-chemical composition and fatty acid 
profile of groundnut oil 
The extracted groundnut oil was yellow in colour 
and agreeable in flavour. Its physical and chemical 
traits (Table 2) revealed that groundnut oil depicted 
a refractive Index (n20D) of 1.459, whereas, in 
chemical parameters, the free fatty acid was about 
1.04%, saponification value was 195 (mg KOH/g) 
and unsponifiable fraction was noted as 1.53g. These 
results are in accordance with the outcomes of Özcan 
(2010) who reported 0.71-1.26% acidity, 0.86-1.11 
meq/kg peroxide value refractive index (n20D), 171.9-
187.6 mg KOH/g saponification value and 0.67-1.12% 
unsponifiable fraction. Peroxide and acidity values 
of peanut oil were found lower when compared with 
the analyzed results of peanut kernels obtained from 
Patancheru, India by Jambunathan et al. (1993).

Table 2. Physico-chemical composition of groundnut oil.

Parameters Content
Physical
Colour Light yellow
Refractive index (n20D) 1.459 + 0.003*
Specific gravity (g/cm3) 0.914 + 0.004 
Flavour Agreeable
Chemical
Free fatty acids (% as oleic) 1.04 + 0.02*
Iodine value 93.66 + 0.003
Saponification value (mgKOH/g) 195 + 3.60
Unsaponifiable (%) 1.53 + 0.15
Peroxide value (meq/kg) 1.50 + 0.04 

        *Data expressed as mean ± standard deviation (S.D)

Groundnut kernels contain fatty acids commonly 
present in seed oils, such as saturated fatty acids 
such as palmitic or stearic acid and unsaturated 
fatty acids such as oleic, linoleic and linoleic acid in 
different proportions (Gyu-Seong, 1993). According to 
the results (Table 3), most predominant fatty acid of 
groundnut kernel oil was oleic acid (54.3%) more than 
linoleic acid (20.54%) and palmitic acid (9.6%).

Table 3. Fatty acid profile of groundnut oil.     
Fatty acid Content (%)
Capric 0.0375
Myristic 0.090
Palmitic 9.6850
Palmitoleic 0.603
Stearic 2.480
Oleic 54.395
Linoleic 20.542
Linolenic 1.1978
Eicosenoic 1.3437

It ultimately makes it highly nutritive as compared to 
other fats and oils. Additionally, according to these 
results, fatty acid profile of groundnut oil also contains 
appreciable amount of other saturated fatty acids like 
stearic acid (2.48%) and palmitoleic acid (0.603%). All 
these results are in compliance with certain outcomes 
of Hammond et al. (1997) and most analytical findings 
of Özcan (2010), giving varied ranges of all fatty acids 
in various cultivars of groundnut. The concentrations 
of fatty acid was also similar to the previously 
published data by Grosso et al. (2000) and Özcan and 
Seven (2003). Thus, it is concluded that variation in 
observations are due to difference in several agro-
ecological factors during maturation of the groundnut 
seeds (Özcan, 2010).

Physical analysis of groundnut oil cookies
Data on physical characteristics of groundnut oil cookies 
(Table 4) revealed that groundnut oil replacement had 
no adverse effects on the said physical parameters. 
Among these parameters, width of the cookies was 
influenced significantly (ρ ≤ 0.05) by varied treatments 
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and storage period. The highest mean value among 
treatments of cookies width (27.27mm) was found 
in T3 (50% groundnut oil), while the lowest (26.56 
mm) in T4 (75% groundnut oil). It is apparent that 
enrichment in level of groundnut oil resulted in varied 
width sizes of the cookies, which is attributed to the 
presence of modified fat blends i.e. groundnut oil 

and normal shortening. During storage, there was a 
gradual decrease in the width ranging from 27.11mm 
to 26.91mm. These findings are in accordance with 
Timbadiya et al. (2017), where gradual but significant 
decrease in width or diameter of cookies supplemented 
with peanut butter was observed.

Similarly, thickness of cookies decreased significantly 
(ρ < 0.05) from 6.25 to 6.06mm among the treatment 
means with increasing percentage of groundnut oil as 
depicted in Table 4. The control (T1) revealed maximum 
thickness (6.27mm) at 0 days while minimum thickness 
was observed in T5 (6.00mm) at 60 days in the average 
data. These changes in thickness could be due to 
differences in the properties of fat/oil added or owing to 
the baking temperature. These results agree to those of 
Saeed et al. (2012) who illustrates decrease in cookie 
thickness i.e. 6.89 to 6.50mm, developed from sweet 
potato powder and wheat flour. Additionally, there was 
non-significant (ρ > 0.05) difference in terms of storage 
period of 60 days.
The results also reveal that minimum spread factor 
reading was noted in T1 (control) at 0 days i.e. 42.42 
mm and maximum value was recorded in T5 i.e. 45.53 
mm at 0 days, which may obviously be due to the type 
of fat combination present in the cookies. However, a 
non-significant effect on cookies’ spread factor was 
observed during storage, with just a slight decrease 
from 43.88 to 43.68mm. Parallel findings were reported 
by Saeed et al. (2012) and Shyamala and Prakash 
(2015).  Spread factor and size of cookies also depend 
on particle size and moisture content of flour (Gaines 
and Donelson, 1985). 

Chemical composition of groundnut oil cookies
Moisture content (%): The data (Table 5) indicate that 
both treatments and storage had a highly significant (ρ 
≤ 0.05) effect on moisture content, where the moisture 
level significantly dropped along the treatments and 
showed increasing trend during storage. The highest 
moisture (2.790%) was recorded in T1 at 60 days 
and lowest (2.405%) in T5 at 0 days. The mean value 
ranged from 2.56 to 2.73% amongst treatments and 
rise in moisture content from 2.510 to 2.718% was 
observed during storage of 60 days. The increase 
in moisture during storage may be due to absorbed 
moisture from the air, polyethene bags packaging or 
lack of temperature control. Additionally, cookies are 
also said to absorb moisture from the atmosphere due 
to hygroscopic behavior of wheat flour. Similar findings 
regarding moisture during storage were reported by 
Wade (1988), Pasha et al. (2002), Iqbal (2003) and 
Leelavathi and Rao (1993) and Butt et al. (2007). 

Protein content (%): Protein content portrayed 
significant variation within treatments ranging from 
7.500-7.595% and during storage from 7.502-7.263 
%. The mean composition of cookies recorded in the 
present study was in accordance with Butt et al. (2007). 

Table 4. Effect of storage and treatments on physical attributes of groundnut oil cookies. 
Parameters Treatments Storage duration

0 day 15day 30 day 45 day 60 day Mean
Width (mm) T1 *26.60+1.95 27.60+1.23 27.00+1.21 26.70+1.15 27.10+1.10 27.00+1.32b

T2 27.01+1.70 27.33+1.63 26.67+1.51 27.00+1.45 26.63+1.26 26.92+1.51b

T3 27.62+1.52 27.53+1.42 26.98+1.43 27.15+1.48 27.09+1.32 27.27+1.43a

T4 26.63+1.82 26.66+1.80 26.52+1.72 26.33+1.65 26.67+1.58 26.56+1.71c

T5 27.73+1.42 27.66+1.42 27.24+1.38 27.02+1.33 27.06+1.35 27.34+1.38a

Mean 27.11+1.68b 27.35+1.50a 26.88+1.45c 26.84+1.41c 26.91+1.32c

Thickness 
(mm)

T1 6.27+2.249 6.30+0.311 6.23+0.202 6.20+0.198 6.25+0.195 6.25+0.231a

T2 6.23+0.35 6.18+0.288 6.26+0.274 6.15+0.27 6.22+0.258 6.20+0.288ab

T3 6.19+0.189 6.15+0.179 6.10+0.185 6.21+0.178 6.16+0.175 6.16+0.181b

T4 6.22+0.178 6.25+0.172 6.19+0.167 6.26+0.177 6.18+0.155 6.22+0.169ab

T5 6.09+0.13 6.08+0.132 6.10+0.122 6.03+0.105 6.00+0.107 6.06+0.119c

Mean 6.20+0.219a 6.19+0.216a 6.17+0.190a 6.17+0.185a 6.16+0.178a

Spread factor

T1 42.424+0.16 43.809+0.05 43.338+0.08 43.064+0.06 43.36+0.09 43.199+0.088 a

T2 43.354+0.07 44.223+0.08 42.603+0.09 43.902+0.01 42.813+0.10 43.379+0.070 a

T3 44.62+0.056 44.764+0.078 44.229+0.019 43.719+0.063 43.977+0.037 44.262+0.050 a

T4 43.513+0.091 42.656+0.085 42.843+0.074 42.539+0.013 43.155+0.089 42.941+0.070 a

T5 45.533+0.052 45.493+0.066 44.655+0.048 44.809+0.031 45.1+0.011 45.118+0.041 a

Mean 43.88+0.085 a 44.19+0.071 a 43.53+0.062 a 43.61+0.035 a 43.68+0.065 a

*Average of triplicate determination ± standard deviation (S.D), Means across the treatments and storage with different superscripts are 
significantly different (ρ ≤ 0.05)
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Ash content (%): The data further indicated highly 
significant effect on ash content of fat substituted 
cookies along the varied treatments (ρ < 0.05). The 
ash content increased from 0.614 to 0.641% within 
treatment means (Table 5) which might be due to 
mineral content traces in the groundnut oil. However, 
a decreasing trend (0.645-0.609%) of ash content 
during 60 days storage was noted. The control sample 
(T1) showed minimum ash content (0.589%) at 60 
days while T5 containing 100% groundnut oil gave 
maximum ash content of 0.625% at 0 days. In other 
related studies, ash content decreased from 0.74 to 

0.64 percent (Nawirska and Kwosinewska, 2005) and 
0.64-0.52 percent after 45 days storage (Herchi et al., 
2012). Ash is said to be dependent on extraction rate 
and amount of bran present in the flour (Pomeranz, 
1998).

Crude fibre (%): High amount of crude fibre is 
beneficial for its role in regulating intestinal transit, 
lowering cholesterol level, constipation, diabetes, colon 
and breast cancer (Ishida et al., 2002). According to the 
results (Table 5), the fiber content along the treatments 
gave a significant wave like trend with mean values 

Crude fat content (%): Groundnut oil reported to be 
rich in unsaturated fatty acids, which are good for the 
heart and beneficial for patients with hypertension 
(Sadaf et al. 2013). The data (Table 5) depict fat content 
ranging from 24.02-24.47% within the treatments, 
24.10-24.45%  along the storage interval of 60 days. 
The reduction of fat content during storage may be 

due to lipase activity, which results in fat deterioration 
during storage. Increase in moisture content throughout 
storage also resulted in decrease in crude fat contents 
(Sharif et al., 2009). These findings are in accordance 
with the outcomes of Butt et al. (2007), Hussain et al. 
(2006) and Mahmood et al. (2008) who observed a 
decline in fat content during storage of cookies.

Table 5.  Effect of storage and treatments on proximate composition of groundnut oil cookies.

Parameters Storage 
duration 

                                                         Treatments
0 day 15day 30 day 45 day 60 day Mean

Moisture (%)

T1 2.633+0.116 2.700+0.067 2.767+0.104 2.785+0.08 2.796+0.191 2.736+0.111a

T2 2.567+0.173 2.600+0.115 2.667+0.131 2.714+0.203 2.733+0.108 2.656+0.146b

T3 2.513+0.174 2.673+0.127 2.685+0.133 2.692+0.197 2.702+0.102 2.653+0.146 b

T4 2.433+0.086 2.586+0.071 2.633+0.078 2.683+0.108 2.700+0.069 2.607+0.082c

T5 2.405+0.067 2.543+0.134 2.579+0.187 2.613+0.078 2.658+0.096 2.560+0.112 c

Mean 2.510+0.123 d 2.620+0.102 c 2.666+0.126 b 2.697+0.133 a 2.718+0.113d  

Protein (%)

T1 7.658+0.055 7.650+0.029 7.598+0.047 7.548+0.093 7.519+0.069 7.595+0.058a

T2 7.621+0.076 7.602+0.092 7.588+0.138 7.529+0.900 7.506+0.670 7.569+0.375b

T3 7.592+0.248 7.567+0.221 7.495+0.24 7.433+0.242 7.412+0.234 7.500+0.237c

T4 7.633+0.173 7.600+0.065 7.633+0.073 7.567+0.068 7.533+0.021 7.593+0.08a

T5 7.613+0.011 7.592+0.023 7.584+0.03 7.576+0.012 7.542+0.018 7.581+0.018ab

Mean 7.623+0.112a 7.602+0.086ab 7.580+0.105b 7.531+0.263c 7.502+0.202d  

Fat (%)

T1 24.47+0.241 24.32+0.261 24.26+0.176 24.10+0.205 24.02+0.094 24.23+0.195a

T2 24.37+0.193 24.29+0.157 24.17+0.311 24.09+0.289 23.96+0.339 24.17+0.257 a

T3 24.50+0.283 24.41+0.176 24.39+0.205 24.33+0.089 24.21+0.13 24.37+0.176 a

T4 24.47+0.337 24.39+0.189 24.31+0.268 24.26+0.128 24.23+0.104 24.33+0.205 a

T5 24.43+0.194 24.32+0.19 24.24+0.143 24.17+0.119 24.09+0.134 24.25+0.156 a

Mean 24.45+0.249 a 24.35+0.194b 24.27+0.220c 24.19+0.166d 24.10+0.160e  

Ash (%)

T1 0.637+0.012 0.621+0.201 0.617+0.015 0.605+0.12 0.589+0.06 0.614+0.081b

T2 0.641+0.015 0.634+0.021 0.625+0.023 0.618+0.027 0.605+0.08 0.625+0.033 ab

T3 0.647+0.017 0.638+0.018 0.629+0.009 0.615+0.007 0.608+0.051 0.627+0.020 ab

T4 0.649+0.01 0.641+0.011 0.637+0.09 0.629+0.08 0.614+0.03 0.634+0.044 a

T5 0.652+0.023 0.646+0.012 0.643+0.015 0.635+0.012 0.631+0.04 0.641+0.020 a

Mean 0.645+0.015 a 0.636+0.052b 0.630+0.030b 0.620+0.049c 0.609+0.052d  

Fibre (%)

T1 0.256+0.012 0.253+0.016 0.249+0.016 0.243+0.02 0.240+0.024 0.248+0.017 a

T2 0.251+0.02 0.246+0.023 0.242+0.021 0.239+0.022 0.232+0.024 0.242+0.022bc

T3 0.250+0.011 0.245+0.014 0.240+0.013 0.236+0.015 0.223+0.014 0.239+0.013c

T4 0.257+0.016 0.251+0.019 0.249+0.017 0.241+0.02 0.235+0.018 0.247+0.018 ab

T5 0.255+0.014 0.250+0.016 0.243+0.015 0.237+0.011 0.231+0.017 0.243+0.014bc

Mean 0.254+0.014 a 0.249+0.017b 0.245+0.016c 0.239+0.017d 0.232+0.019e  

NFE (%)

T1 64.346+0.238 64.456+0.179 65.509+0.25 64.719+0.33 64.896+0.12 64.785+0.223 a

T2 64.55+0.214 64.628+0.14 64.708+0.17 64.81+0.162 64.964+0.011 64.732+0.139 a

T3 64.398+0.173 64.467+0.143 64.561+0.246 64.694+0.241 64.845+0.238 64.593+0.208 a

T4 64.558+0.22 64.532+0.17 64.538+0.25 64.62+0.18 64.688+0.28 64.5872+0.22 a

T5 64.645+0.111 64.649+0.308 64.711+0.319 64.769+0.089 64.848+0.102 64.7244+0.19 a

Mean 64.499+0.191a 64.546+0.188 a 64.805+0.247 a 64.722+0.200 a 64.848+0.150 a

*Average of triplicate determination ± standard deviation (S.D),Means across the treatments and storage with different superscripts are 
significantly different (ρ ≤ 0.05).



J. Agric. Res. 2018, 56(2)

M. Abrar et al.

118

ranging from 0.248% in T1 (control) to 0.239% in T3. 
During the storage phase of 60 days mean values 
showed highly significant (ρ ≤0.05) fibre content which 
decreased from 0.254 to 0.232%. Masih et al. (2014) 
also reported decrease in fibre content (0.26 to 0.46%) 
in cookies during storage. Additionally, an increase 
in moisture content absorbed from the environment 
results in decreased fibre content during storage as 
observed by Pasha et al. (2002), Iqbal (2003) and 
Sharif et al. (2005).

Nitrogen free extract (NFE)
The carbohydrate composition (NFE) showed non-
significance but gave a similar pattern of waves in 
the treatments and storage period. As no study has 
reported the effect of groundnut oil substitution on 
NFE in baked products, its increase or decrease trend 

could be due to the shortening-groundnut oil blend 
in cookies. Although some biochemical changes did 
occur during storage, yet it did not adversely affect the 
crude proximate composition.

Sensory evaluation of groundnut oil cookies
Fortnightly evaluation of organoleptic characteristics 
of cookies, revealed significant (ρ ≤ 0.05) variations 
among treatments, with different levels of groundnut oil 
with respect to  colour, flavour, taste, texture and overall 
acceptability (Table 6). The data showed darker colour 
of cookies with advancing treatments. T3 revealed the 
highest scores (7.835) at 0 days while T5 presented 
the lowest score at 60 days i.e. 6.329. Storage showed 
a considerable decrease in mean scores of cookies, 
revealing change in colour. Siddiqui (2000) had similar 
conclusions alongwith findings of Saeed et al. (2012).

Table 6.   Effect of storage and treatments on sensory evaluation of groundnut oil cookies.

Parameters Treatments Storage duration
0 day 15day 30 day 45 day 60 day Mean

Colour 

T1 7.333+0.173 7.231+0.11 7.2+0.577 7.159+0.189 7.106+0.143 7.2058+0.238ab

T2 7.593+0.308 7.439+0.168 7.326+0.123 7.131+0.246 6.987+0.319 7.2952+0.232ab

T3 7.835+0.408 7.769+0.167 7.621+0.241 7.501+0.089 7.236+0.191 7.5924+0.219a

T4 7.126+0.106 7.02+0.12 6.975+0.240 6.667+0.16 6.532+0.200 6.864+0.165b

T5 7.012+0.22 7.965+0.18 6.821+0.10 6.523+0.23 6.329+0.17 6.930+0.18b

Mean 7.3798+0.243ab 7.4848+0.149a 7.1886+0.256bc 6.9962+0.182cd 6.838+0.204d

Flavour 

T1 7.532+0.25 7.421+0.240 7.396+0.220 7.324+0.237 7.287+0.270 7.392+0.243c

T2 7.601+0.26 7.597+0.235 7.586+0.247 7.562+0.255 7.413+0.265 7.5518+0.252 b

T3 7.795+0.11 7.875+0.320 7.697+0.160 7.604+0.140 7.591+0.320 7.7124+0.210 a

T4 7.431+0.13 7.401+0.200 7.376+0.245 7.329+0.370 7.301+0.320 7.3676+0.253 c

T5 7.08+0.246 6.987+0.165 6.876+0.170 6.852+0.167 6.809+0.137 6.9208+0.177 d

Mean 7.4878+0.119a 7.4562+0.232a 7.3862+0.208b 7.3342+0.233b 7.2802+0.262c

Taste

T1 7.498+0.253 7.476+0.196 7.435+0.189 7.397+0.205 7.379+0.320 7.437+0.232c

T2 7.786+0.232 7.695+0.339 7.663+0.176 7.587+0.234 7.531+0.160 7.6524+0.228b

T3 7.876+0.190 7.826+0.283 7.794+0.195 7.765+0.289 7.735+0.370 7.7992+0.265a

T4 7.298+0.341 7.271+0.194 7.092+0.311 6.972+0.1300 6.715+0.150 7.0696+0.225d

T5 7.01+0.183 6.895+0.157 6.75+0.268 6.699+0.209 6.654+0.110 6.8016+0.185e

Mean 7.4936+0.239a 7.4326+0.233b 7.3468+0.227 c 7.284+0.213 d 7.2028+0.222e

Crispiness 

T1 7.796+0.238 7.729+0.116 7.706+0.055 7.683+0.241 7.675+0.179 7.7178+0.165b

T2 7.816+0.214 7.791+0.173 7.783+0.076 7.694+0.193 7.667+0.146 7.7502+0.160 b

T3 7.993+0.173 7.983+0.174 7.949+0.248 7.928+0.283 7.892+0.143 7.949+0.204 a

T4 7.651+0.220 7.604+0.086 7.59+0.173 7.446+0.337 7.388+0.170 7.5358+0.197 c

T5 7.322+0.110 7.308+0.067 7.286+0.011 7.263+0.194 7.259+0.308 7.2876+0.138 d

Mean 7.7156+0.191 b 7.683+0.123 ab 7.6628+0.112 b 7.6028+0.249 c 7.5762+0.189c

Texture 

T1 7.955+0.067 7.876+0.029 7.779+0.261 7.764+0.250 7.735+0.080 7.8218+0.137 b

T2 7.891+0.115 7.867+0.092 7.837+0.157 7.829+0.170 7.814+0.203 7.8476+0.147 b

T3 8.03+0.127 7.963+0.221 7.958+0.176 7.887+0.246 7.867+0.197 7.941+0.193 a

T4 7.69+0.071 7.596+0.065 7.587+0.189 7.535+0.250 7.511+0.108 7.5838+0.136 c

T5 7.51+0.134 7.492+0.023 7.476+0.190 7.453+0.319 7.389+0.078 7.464+0.148 d

Mean 7.8152+0.102 a 7.7588+0.086b 7.7274+0.194bc 7.6936+0.247cd 7.6632+0.133d

Overall 
acceptability 

T1 7.935+0.093 7.875+0.176 7.796+0.330 7.687+0.080 7.553+0.047 7.7692+0.145 b

T2 8.016+0.090 7.976+0.311 7.845+0.162 7.694+0.203 7.608+0.138 7.8278+0.180ab

T3 8.025+0.242 7.98+0.205 7.873+0.241 7.758+0.197 7.696+0.240 7.8664+0.225 a

T4 7.263+0.068 7.143+0.268 6.992+0.180 6.791+0.108 6.654+0.073 6.9686+0.139 c

T5 6.241+0.012 6.012+0.143 5.979+0.089 5.643+0.078 5.312+0.030 5.8374+0.070 d

Mean 7.496+0.101 a 7.3972+0.220b 7.297+0.200 c 7.1146+0.133 d 6.9646+0.105e
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The reasons of darker colour of the cookies, could 
be due to the presence of proteins reacting with 
carbohydrates during baking, thereby producing the 
Maillard Reaction which darkens colour in cookies 
(Bendar, 1996).
Flavours of cookies progressively intensified with 
increasing level of groundnut oil, till treatment T3 (50% 
groundnut oil) with a mean value of 7.712. It declined 
till T5 (100% groundnut oil) giving a mean of 6.920. A 
decreasing trend in flavor of cookies was observed 
during storage which could be attributed to moisture 
absorption, thus resulting in fat oxidation and adversely 
affected the flavor and texture. Similar results were 
reported by Sharif et al. (2009).
The trends similar to flavour were recorded in taste, 
crispness and texture. T3 imparted the best taste with 
7.799 score. However, the variability in percentages 
of groundnut oil addition in cookies resulted in varied 
taste and its decline may be due to fat rancidity during 
storage, thereby reducing scores. Highly significant 
differences were observed in crispness scores 
with trend of gradual decline in both treatments and 
storage. Mean values of treatments ranged from 7.287 
(T5) to 7.949 (T3) while among storage scores ranged 
from 7.576 to 7.715. Texture of cookies also reduced 
along storage while in treatments T3 was considered 
the most acceptable with a score of 7.941.
For overall acceptability the results reveal that all 
treatments were in acceptable ranges (Table 6) i.e. 
index of eminence scores acquired for colour, flavor, 
taste, texture and crispness of cookies. Cookies with 
50% of groundnut oil (T3) were the best in all attributes 
while T5 (100% groundnut oil) were found soggy 
and irregular puffing occured with storage. Gradual 
deterioration in above mentioned attributes have also 
been described by Bender (1996) and Wade (1988).

CONCLUSION
It has been concluded that cookies produced with the 
incorporation of groundnut oil to reduce the quantity 
of hydrogenated shortening, not only proved to be a 
nutritious alternate but also improved acceptable quality 
characteristics. The most acceptable formulation was 
of T3 containing 50% groundnut oil, excelling other 
treatments in terms of physiochemical and sensory 
attributes with an acceptable shelf life of two months. 
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