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  Abstract 
This study was done to determine the shelf stability and quality changes in sweet 
potato cookies during a storage period of 12 weeks. The cookie samples were 
packed and sealed in bi-axially oriented polypropylene (BOPP) sachets, stored 
under tropical ambient conditions, along with a commercial brand of wheat coo-
kies which served as the control. Samples were withdrawn for analyses at 2 week 
intervals and quality parameters monitored were weight, moisture content, perox-
ide value, texture in terms of force at peak and deformation. Results showed that 
the sweet potato cookies were comparable in quality and stability and probably 
even better than the control during storage. Change pattern in the measured para-
meters were also found to be similar in both samples. Changes recorded over the 
storage period were weight gain of 4.6% and 9.2%, moisture gain of 4.4% and 
2.5%, decrease in force at peak of 80.8% and 73.2%, increase in deformation of 
69.0% and 82.1% in the test and control samples respectively. Peroxide value in 
both samples decreased during storage, with initial and final figures well below 
the maximum acceptable standard limits. This shows the promising potential of 
sweet potato as a suitable alternative to wheat in the production of cookies. The 
adoption of this finding can enable conservation of valuable foreign reserves and 
ultimately lead to expanding utilization and value addition to sweet potato. 
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1. Introduction 

Cookies are baked flour based pastry confectioneries. They are conventionally made from the bread wheat (Triticum 
aestivum) and generally accepted as snacks and convenient foods [1]. Basic materials for cookies are wheat flour, sugar, 
fat, leavening and flavouring agents. Wheat, however, is not native to Nigeria and the Country has been unable to pro-
duce enough to meet her need as a result of climatic incompatibilities [2]. Nigeria has been reported to be only about 
2.4% sufficient in wheat production [3] and has had to rely on importation from other countries such as USA, Canada 
and Australia. With the escalating foreign exchange involved in wheat importation, valued at N635 billion [4] and the 
need to curtail it, it has become urgently necessary to look inwards to find suitable replacements for the foreign wheat. 

Sweet potato (Ipomoea batatas) is a tuberous root crop belonging to the Family Convolvulaceae. Though of South 
American origin, it is locally grown, readily available and relatively cheap in Nigeria [5]. It is a nutrient rich crop, re-
ported to have values better than other common root crops and even fruits [6]. With an annual production figure of 
about 3.92 million tonnes [7], Nigeria is the largest producer in Africa and second globally after China, however, the 
crop is not put to much local use, compared with other tubers [8], [9]. 

This work, therefore, studied changes in sweet potato cookies, compared with conventional wheat cookies which 
served as the control, during a twelve week storage period at tropical ambient conditions. The ultimate aim is to deter-
mine the suitability of sweet potato flour as an alternative to wheat in cookie production. 
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2. Materials and Methods 
This study was carried out at the laboratories of the Federal Institute of Industrial Research, Oshodi (FIIRO) in Lagos, 

Nigeria. The test cookies were produced from a mixture of sweet potato flour, fat, sugar, water, milk and baking powder, 
using a Creaming method [10] to form a pastry dough which was flattened out, with a roller and cut into desired round 
shape with a cutter. Baking was done at 150°C for 30 min, followed by cooling, sealing and packing in BOPP packages 
of 0.5mm thickness. The commercial brand that served as control was obtained from the manufacturer’s retail outlet. 
The samples were kept on the shelf, under tropical ambient conditions (of 27°C temperature and 75% Relative Humidi-
ty) for 12 weeks and withdrawal for analyses done at 2 week intervals. Parameters monitored were 1) Weight (g), 2) 
Moisture content (%), 3) Force at peak (N), 4) Deformation (mm) and 5) Peroxide value (meq/kg). Weight readings 
were taken using a laboratory scale (CE-410I, Camry Emperors). Moisture content was analysed by oven drying ac-
cording to the standard procedures of AOAC [11]. The texture parameters of Force at Peak and Deformation were de-
termined by running a breaking test using a computerized Universal texture testing machine (Testometric 500) at a 
speed of 30mm/min while Peroxide value was done by the method of [12] Values of the parameters obtained over time 
were plotted as line graphs using Microsoft Excel, 2015 version and are as presented. 

3. Results and Discussion 
The results from this study are presented in Figures 1-5. 

 
Figure 1. Weight Changes. 

Weight readings and changes during the 12 week storage period are presented in Figure 1. From this, it can be ob-
served that the test cookies were slightly lighter in weight than the control, though the difference between both samples 
became reduced towards the end of the storage period. Weight gain during storage was from 5.60 to 5.86g (4.6%) in the 
control and from 5.22 to 5.70g (9.2%) in the test cookies, showing that the test cookies had a double weight gain com-
pared with the control. The cookie content and package could possibly be responsible for this observation. The control 
contains some other additives and improvers and also probably had a more protective package, compared with the test 
sample. Gain in cookie weight as they absorb moisture during storage was also reported by Manakkal [13]. 

About 2-6 weeks storage time seemed to be critical for the control (when changes in weight were more prominent), 
while 8-10 weeks seemed critical for the test sweet potato cookies.  

 
Figure 2. Moisture Changes.  
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Moisture content of the cookie samples and changes during the 12 week storage period are presented in Figure 2. The 
test cookie had about half the moisture of the control (as observed also with weight values in Figure 1), exhibiting as 
firmness, crispness, freshness or crunchiness which are attributes desired in pastries and which can also help to maintain 
shelf quality. Moisture content increased from 4.5% to 4.7% and from 8.1% to 8.3%, giving a gain of 4.4% and 2.5% in 
the test and control samples respectively. The nearly straight lines of the moisture graphs shows minimal changes dur-
ing storage, the moisture gain was also same and a similar pattern was observed in both samples. This tends to suggest 
the adequacy of the packages to provide barrier to moisture uptake by the cookies. BOPP has been reported to be a good 
moisture and water vapour barrier, in addition to having other benefits [14]. The issue of water activity (Aw), which is 
the thermodynamic availability of water for physico-chemical processes and microbial activities, however also needs to 
be considered and maybe of significance more than just the absolute moisture content. 

The physical structure of a food product is often altered by changes in Aw due to moisture gain, resulting in phase 
transition from the glassy to the rubbery state [15]. Hardly any moisture change was observed in soft cookies during 
storage yet firming and grainess, which are an indication of quality reduction, occurred as a result of sucrose recrystal-
lization within the cookie [16]. In another study, no increase in Aw was reported for the first 36 days and thereafter re-
maining constant up to 144days of storage of sweet biscuits from wheat flour/potato starch, however, biscuit hardness 
increased with attendant reduction in texture sensory scores, probably as a result of starch retrogradation facilitated by 
increased moisture in the biscuit [17]. 

Water activity, therefore, is an important factor and with minimal moisture gain during storage, reduction in sample 
quality can still occur, in this study exhibiting as softening of the cookies. Physically, the samples looked good but they 
were no longer as crisp as when freshly baked. 

 
Figure 3. Changes in Force at peak. 

The force at peak (in N) is a measure of pressure build up on the cookie sample just before breaking and is an indica-
tion of the softness or hardness of the sample. Force at peak readings and changes recorded over the 12 week storage 
period are presented in Figure 3. From these, it can be observed that the test cookies had higher Force at peak values 
than the control, indicating a firmer or more dense texture, though a similar change pattern was observed in both sam-
ples. There was a stepwise decline in force at peak throughout the storage period, from 9.7 to 2.6 N (73.2%) in the con-
trol and from 14.83. to 2.85 N (80.8%) in the test cookies, showing a higher reduction in the test cookies on the long run. 
With different values at the start of the study, both samples had almost the same reduced force at peak value at the end. 
This shows a decreasing strength to resist breaking, as a result of softening of the cookies, caused by moisture gain and 
water activity and ultimately indicates a reduction in quality. Texture is an important sensory attribute in food products 
and the loss of desired texture leads to a loss in product quality and a reduction in shelf life [18]. The rather high tem-
perature and relative humidity of the storage environment (27°C and 75% respectively) recorded in this study, which is 
typical of tropical coastal areas, can also enhance rapid textural quality reduction. 

According to Katz and Labuza [15], moisture pickup causes crisp hard baked, fried puffed or extruded (glassy) foods 
to become soft, due to the plasticization of carbohydrate polymers and entering into the rubber zone. 

Significant changes in textural attributes of some stored samples of commercial cookies have been expressed as a 
function of relative humidity of the storage environment [19]. Reduction in texture and crispness of fibre rich cookies, 
as well as the control used, stored in different packaging materials over a 90 day storage period was also reported [20]. 
All these findings tend to suggest that moisture content of cookie and water activity, appropriate packaging as well as 
storage environment conditions are the crucial areas of intervention to address the issue of textural changes and to 
maintain product quality. 
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Figure 4. Changes in Deformation. 

Deformation at break, in mm, which is the distance travelled at the breaking point of the cookie sample and changes 
during the storage period are presented in Figure 4. It can be observed that the test cookie had higher deformation at 
break values than the control. This tends to suggest a chewy kind of texture in the test sweet potato sample, making the 
break to linger unlike a crunchy texture in the wheat control, giving a neat break. Over the 12 week storage period, 
however, deformation values increased from 3.52 to 6.41mm (82.1%) in the control and from 4.38 to 7.40mm (69.0%) 
in the test sample, showing that on the long run increase in deformation values was more in the control. The increasing 
values showed that as storage progressed, breaking took place over a longer distance and is an indication of reduced 
freshness. There was, however, a crucial point at about 10 weeks of storage when both samples had almost same de-
formation value. Water activity, (Aw) or the energy status of the water in the cookies still seems to be the likely expla-
nation for this behaviour, probably after reaching a particular level or range, however, Aw was not determined in this 
study to ascertain this. Texture changes in dry food products have been linked to changes in Aw as a function of tem-
perature and humidity [21]. Loss of crispness and caking in spray dried or freeze dried sugar powders have been re-
ported generally to begin when the Aw is raised to above 0.3 to 0.4 at room temperature, as a result of moisture pickup 
through the package or moisture redistribution from other micro-regions [22]. 

It was discovered that saltine crackers, popcorn, puffed corn curls and potato chips lost crispness if Aw exceeded 
0.35-0.50 [15]. The crispness was attributed to intermolecular bonding of starch, forming small crystalline-like regions 
when little water was present. These regions require force to break apart, which gives the food a crisp texture. Above a 
certain Aw level, the water was presumed to disrupt these bonds allowing the starch molecules to slip past each other 
when chewed. It was observed that puffed rice cakes lost crispness at Aw just above 0.44 [23]. It has also been observed 
that the desirable crispiness of crackers, dry snack products such as hard cookies, crackers, potato chips, and breakfast 
cereals is lost if enough moisture gain occurs which makes it go above the glass transition temperature at that particular 
moisture [16], so it could lose crispness by gaining moisture at constant temperature or by being stored at a temperature 
above the glass transition temperature for that moisture content. 

Water activity reaching a particular level or range and associated state or phase transitions are, therefore, probably 
responsible for the deformation changes observed in the cookie samples at 10 weeks of storage. 

From the deformation curves in Figure 4, that of sweet potato cookie seems consistent while the control curve looks 
erratic. It is possible that the different additives and chemicals, as well as preservatives, included in the control formula-
tion may be influencing this behavior whereas the test cookie was just a basic formulation devoid of these extra inclu-
sions. 

 
Figure 5. Changes in Peroxide value.  
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The Peroxide Value (PV), in meq of oxygen peroxide per kg of sample oil and changes during the 12 week storage 
period are presented in Figure 5. Peroxide value is an indication of oxidative rancidity and quality deterioration in the 
samples. As storage continued, the values decreased from 3.68 to2.40 meq in the control and from 1.75 to 1.03 meq in 
the test sample. The observed decrease could probably be due to minimal moisture gain in the cookies which did not 
promote lipolysis of fat and the resulting rancidity, though some researchers [24] reported an increase in PV of soft 
dough wheat cookies during storage and stressed the need for PV analysis to be done early on oxidation, in order to 
detect the rather unstable hydro-peroxides formed. Values for the control were much higher than for the test sample, 
however, all values recorded were well below the maximum acceptable limit of 10meq specified [25]. This is a pass for 
the samples. In addition, no off odour or aroma was perceived or detected.   

4. Conclusion 
The results from this study have shown that sweet potato cookies are comparable in quality and behaviour to conven-

tional wheat cookies during a storage period of twelve weeks at tropical ambient conditions, thus indicating the possible 
potential of sweet potato flour as a suitable alternative to wheat in cookie production. Moisture content of cookie, ap-
propriate packaging as well as storage environment conditions are crucial areas of intervention for optimal keeping 
quality and shelf stability. The adoption of sweet potato, as suggested, can enhance its increased utilization and value 
chain addition and ultimately save valuable foreign exchange expended on wheat importation into the country. 
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