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This study evaluated the nutrient composition, physical and sensory properties of butter cakes prepared with waxy 
popcorn flour. Popcorn (3.4 kg) was sun-dried fir 48 h, ovens -dried (5tfC)for 48 h, milkd and sieved through 160im 
mesh for flour. Cake samples with wheat flour (29.3%) (as a control) or popcorn flour (26.2%, 28.6%, 29.3%) wen 
baked. The popcorn flour and cake samples were analysed for nutrient composition while the cakes were further 
analysed for physical and sensory properties. The cornflour had 70.37% carbohydrates, 6.33% moisture, 10.42% 
protein, 6.21% fat, 3.89% ash and 2.77% fibre, Popcornbuttercakeshadcomparable nutrient composition, physical and 
sensory properties comparable to those of the wheat butter cake. Carbohydrate and protein contents decreased slightly 
while crude fibre, fat and ash contents contrarily increased slightly in popcorn cake samples. Protein content ranged 
from 10.1% in 29.3% popcorn cake to!2.9% in wheat cake while fibre ranged from 10.2% in wheat cake to 11.4% in 
29.3% popcorn cake. Most minerals (Ca, Fe, Zn, P, Mg) except Mn increased and were higher in the popcorn butter 
cakes than in the wheat cake. Ca and Mg ranged from 5.3 and 1.8 mg/lOOg in wheat cake to 8.2 and 5.6 mg/lOOg in 
popcorn cakes, respectively. The popcorn cake samples had acceptable sensory and physical quality. This study discovered 
that popcorn flour canbe substituted for wheat flour in butter cakes to avoid celiac disease associated with wheat. 
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INTRODUCTION 

Cakes constitute major components of human 
snacks in most part of the world. They are often the 
choice of meals during ceremonies, particularly 
during weddings, anniversaries and birthdays 
(Ayto & John, 2000). Cakes are high in calories, may 
be high in sugar, refined carbohydrates, fats and 
cholesterols; and should therefore be eaten 
sparingly (Wrigley & Colin, 19%). 

Cakes are sweet pastry product made from wheat 
flour (as the base ingredient), shortening 
(hydrogenated fat, butter or oil), sugar, eggs, and 
with some varieties requiring liquid (milk or 
water); and they are usually made light by the 
addition of leaving agents such as yeast or baking 
powder (a mixture of cereal flour, sodium 
bicarbonate and sodium phosphate) (Akubor, 
2003). Some varieties require flavouring 
ingredients such as fruit purees, nuts, or fruit and 
spice extracts. Substitution of other cereal flours for 
part or all the wheat flour, the primary ingredient, is 
possible; especially now that the metabolic 
disorder, celiac disease, is associated with gluten 
protein (Sae-Eaw et al, 2006; Castella & Krystina, 
2010). 

Celiac disease is a, problem metabolism of certain 
protein, particularly gluten, in the diet. It has been 
estimated that 1 in every 250 people in the United 

States are currently living with the disease 
(American Gastroenterological Association, 2001). 
People with celiac disease have a lifelong 
intolerance to the gliadin fraction of wheat protein 
as well as secalin (rye), hordeins (barley), and 
avidins(oat) (Murray, 1999; Shan etal., 2002). Celiac 
disease affects the small intestine, preventing the 
absorption of several important nutrients 
(American Gastroenterological Association, 2001). 
The only way to assure a life free of complication 
from this disease is to strictly adhere to 100% 
gluten-free diet (Gallagber et al, 2003; 2004). 

Maize is the third most important food grains of 
Nigeria and it is grown largely in the Rain forest 
and Guinea Savannah vegetation zones. The 
popular producing states are Kwara, Benue, 
Kaduna, Oyo, Ondo and Ogun states (Alofe 
&Okeleye, 1993). About six varieties of maize exist 
and include dent (Zea mays identata, Sturt), flint 
maize (Zea mays indurate, Sturt), flour maize (Zea. 
mays amylaceace, Sturt), pod corn (Zea mays tunicate, 
Sturt), pop corn (Zea mays everta, Sturt) and sweet 
maize. (Zea mays saccharata, Sturt). Maize is 
processed into various food forms in many families in 
West Africa, particularly Nigeria, (Klopfenstein, 2002; 
Birkelo et al, 2004; Feschotte & Pritham, 2009). Nigarian 
foods produced from maize include foo-•) foo, pap 
(akamu or ogi), maize gel (agidi or eko), hatsi 
(weaning food), moin-moin, ayaraya* 
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porridge, among others (Enwere, 1998). It is used 
industrially to produce cornflakes, corn syrup and 
weaning foods. It is relatively cheap, readily 
available in Nigeria and unconnected with any 
known health risks such as digestive disorder as in 
celiac disease (Enwere, 1998; Castella & Krystina, 
2010). In this study, the locally available popcorn 
variety, because of its puffy characteristics and 
sensitive to high heat, will be exploited in place of 
wheat to bake cake. 

MATERIALS AND METHOD 
Collection of Samples 
Popcorn (4 kg) was purchased from a commercial 
stocker at Lafia main market, Nasarawa State, 
Nigeria. Wheat flour, sugar, margarine, baking 
powder, iodized salt, guar gum, evaporated milk, 
butter essence and eggs were purchased at the same 
Lafia main market while maltrodextrin,propylene 
glycol metyl stearate and tartaric acid ester 
monoglyceride (DATEM) were purchased from 
Onitsha main market, Anambra State, Nigeria. All 
laboratory reagents used for the analysis in this 
work were all of analytical grade. 

Processing of Popcorn Flour 

Popcorn grains were cleaned by removing stones, 
dirt, unwholesome and other seeds before washing in 
clean water. The grains were sun-dried for 48 h and 
then oven- dried at 50°C for 48 h. The dry 
popcorn grains (3.4 kg) were milled using Hammer 
mill. The milled powder was sieved through a hand 
sieve of pore size 60 1m to obtain fine flour of 
popcorn. The flour was stored in air- tight container 
until used for the bakery operation. 

Processing of Butter Cakes 
The popcorn butter cakes were prepared by adding 
varying amounts of emulsifier gel (composed of 
different proportions of PGMS, DATEM and 
glycerol) at 1.59% (glycerol only) for the control 
(Sample A), 3.90% for sample B, 3.30% for sample C 
and 0% for sample D), All ingredients used for 
preparing the butter cakes were as listed in Table 1. 
Five (5) major steps, according to Sae-Eaw et al. 
(2007) were used to prepare the cakes. Step (1) The 
emulsifier gel was prepared using a mixture of 
PGMS and DATEM at a ratio of 8:2. The mixture 
was thoroughly mixed with margarine (partial 
amount as in Table 1, part 1) and then warmed 
to about 60 xfor complete melting. The emulsifier 
gel was allowed to cool down at room 
temperature and then added to the remaining 
margarine (see Table 1), and mixed for 20 min at a 
high speed, using a kitchen Aid mixer (Model 
KP267IXWH, kitchen Aid). 

Step (2): The emulsifier gel/ margarine mixture 
was then mixed with powdered sugar and guar 
gum, and whipped for an additional 15 min. Step (3): 
Egg was then added to the mixture from step (2), 
and whipped for an additional 1 minute to attain the 
homogeneous creamy batter. Step (4): All dry 
ingredients (popcorn flour, the dextrin, baking 
powder, and salt) were combined and sifted; 
then'evaporated milk and butter essence were added 
and the lot added to the mixture from step (3) and 
mixed for an additional 4 min. Step (5): The batter 
(630 g) was poured into a 5.1 cm x 15.2 cm x 27.9 
cm aluminum pans greased with cooking oil, and 
baked in an electric oven at 180°C for 1.5 h. The 
baked cakes were removed from the pans, placed on 
the racks to cool for 2h, and stored in a polyethylene 
bag at room temperature (26±2°Q for further study. 

Proximate Analysis 
Moisture, crude protein (%N x 6.25), fat, crude fibre 
and ash contents of flours and flour blends were 
determined in duplicates as described by the 
AOAC Official methods (AOAC, 2000). Digestible 
carbohydrate was determined by difference. 

Mineral Analysis 

The ashes from the acid-digested samples were 
used to determine mineral contents by first 
dissolving in distilled water and filtering through 
no 5 Whatman filter papers to get filtrates. The 
filtrates were used to determine calcium and iron 
using an Atomic Absorption Spectrophotometer 
(Flame System, Buck Scientific Inc., Model, 2004) 
with the standard lamps while phosphorus content 
was determined using the venadomolybdonate 
method (AOAC, 2006) as described by Onwuka 
(2005). 

Sensory Evaluation 

Twenty trained panellists of ages between 18-36 
years and comprising 17 females and 3 males 
drawn from 33 volunteers from the staff and 
students of College of Agriculture, Lafia, Nasarawa 
State, Nigeria were used to compare the sensory 
attributes of popcorn butter cakes along with wheat 
butter cake, a positive control. The panellists were 
trained (Melligaard et al, 1999) and made familiar 
with common terms used for peculiar sensory 
attributes of cake and related products. The 
panellists were provided with 7-points hedonic 
scale score sheets to score the products individually 
for colour, texture, flavour, mouth-feel and over-all 
acceptability. After scoring, the score were 
collected from panellist for statistical analysis. 
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Cake Physical Analysis t Cake physical 
characteristics, including weight, loaf 
volume and specific vohime were; 
measured, 4 h later, after removing from the 
oven,j using seed displacement method with pearl 
millet in place of rapeseed- A box of fixed 
dimensions! (width x length x height) of internal 
volume, Vv was put into a tray. The box was half-
filled with; pearl millet, shaken vigorously three 
times, thenj filled till slightly over-filled, so that the 
overspills, fell into the tray. The box was shaken 
again twice,, and a straight edge used to cut 
horizontally across the top of the box once to give a 
level surface. The seeds were decanted from the box 
into a receptacle and weighed. The procedure was 
repeated five times, and the mean weight (W, g.) of 
seeds noted. The box was 1/3 filled with the weighed 
seeds, and i a weighed loaf (W g) placed on top 
before the remaining seeds used to completely fill 
the box and leveled off as before. The mean weight 
(WJ of the overspills recorded as this 
corresponds to the volume of space displaced by 
the cake. The loaf volume and specific volume of 
cake samples were calculated by Volume of loaf (V) -
V x̂Vĵ  cm*, 

W, Specific volume 

of loaf - V/W (cm*/g) 

Statistical Analysis 

Simple statistics was used to determine mean 
scores and standard deviations which were 
analysed using Analysis of Variance (ANOVA), 
and Least Significant Difference (LSD) of Turkey's 
test to separate mean scores of samples at (P<0.05) 
(SteelfcTorrie, 1981). . ' ' .' i 

RESULTS AND DISCUSSION Nutrient 
composition of popcorn flour 
The nutrient composition of popcorn flours is 
shown in Table 3.. It is high in carbohydrate and ash 
contents but moderate in protein and fat contents. 
The waxy corn flour had 6.3% moisture, 70.37% 
carbohydrates, 6.33% moisture, 10.42% protein, 
6.21% fat, 3.89% ash, and 2:77% fibre. The low 
moisture and high carbohydrate contents indicate 
that it can keep safely for a long time. Mineral 
>contents were 15.42mg/100g Fe, 6.88mg/100g Zn, 
5.3mg/100g Mn, and 5.7mg/100g Mg, and it can 
serve as a good source of these mineral to human. 

Proximate Composition of Butter Cakes 

Table 3 shows the proximate composition of butter 
cakes made with wheat floui? (29%) as a positive 
control (A), and with popcornflour (26% for B, 28% 
for C and 29% for D). Carbohydrate content ranged 
from 40,.6% in A to 42.2% in D. Residual moisture 
content of the cake samples wjas 24.0% in A and B, 

Control cake sample 
had slightly  lower 

Caflsony^rai^ moisture 
content lhan those 

made with popcorn flour. 
Higher moisture content of the wheat cake could be 
attributed to high water-holding capacity of gluten 
present only in wheat flour (Kent, 1975). Higher 
carbohydrate contents of the corn cake samples 
were due to high carbohydrate content of the-com 
flour. Protein content'ranged from 10.1% in D to 
10.8% in C, 11.3% in B and 12.9% in A (the control). 
Thus, protein content was slightly lower in com 
cake samples than in wheat cake sample due 
probably to higher protein content in wheat flour 
than in corn flour. Fat content ranged from 11.3% in 
wheat cake to 13.0% in corn cakes. The popcorn 
flour was high in crude fat content. Crude fibre and 
ash contents were higher in corn cake samples 
(11.2% to 11.4% fibre, and 0.32% to 0.41% ash) than 
in the wheat cake sample (10.2% fibre and 0.25% 
ash), and increased with increasing corn flour in the 
corn cake samples. The corn flour had high crude 
fibre and ash; this could have induced the 
increasing fibre and ash contents in the corn cake 
samples. The levels of these in the cake samples are 
moderately acceptable for normal nutritional need 
(Belderok, et al.t2000). Comparably, the wheat cake 
sample was not in any way completely better in 
proximate composition than any of the corn cake 
samples. 

Mineral Composition of Batter Cakes 

Table 4 shows the mineral composition of the same 
butter cake samples, A with 29% wheat flour (as • 
positive control), and B with 26% com flour, C with 
28% and D with 29% corn flour. The com cake 
samples had higher calcium, iron, magnesium and 
phosphorus contents than the wheat cake sample, 
indicating possible higher nutritive value of 
popcorn cake that wheat cake. Calcium and iron 
contents respectively were 5.3 mg/g and 3.6 mg/g 
in A, but 6.2 mg/g and 4.3 mg/g in B, 7.2 mg/g and 
7.6 mg/g in C, and 8.2 mg/g and 7.7 mg/g in D. 
This indicates that maize, precisely popcorn, is a 
better source of these minerals in cake products 
than wheat. On the contrary, manganese content in 
wheat cake sample (A) and corn cake sample D was 
the same (2.1 mg/g) but relatively lower in the corn 
cake samples B (1.6 mg/g) and C (1.5 mg/g), 
indicating likely higher quantity of this mineral in 
wheat than in popcorni The corn cake samples are 
good; source of mineral and could serve as good 
source of these nutrients to the common Nigerians. 
Minerals are known to play vital roles in metabolic 
arid physiologic processes in living tissues (Enechi 
& Od'oriwodo2Q03) and are needed alb libido in our 
daily diets , ;• 
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Table 2: Nutrient composition of popcorn flour. 

 

 Pop-corn flour 

Carbohydrate (%) 70.37 

Moisture (%) 6.33 

Protein (%) 10.42 

Fats (%) 6.21 

Ash (%) 3.89 

Fibre (%) 2.77 

Iron(mg/100g) 15.42 

Zinc (mg/100g) 6.88 

Manganese(mg/100g) 5.31 

Magnesium(mg/100g) 5.70 

 

 

 

 

Table 3: proximate composition of butter cakes made with different levels of popcorn flour 

or wheat flour. 

 

 A B C D 

Carbohydrate (%) 40.64 41.06 42.16 42.08 

Moisture (%) 24.02 24.02 22.37 23.29 

Protein (%) 12.92 11.26 10.75 10.07 

Fats (%) 11.32 12.14 13.03 11.42 

Ash (%) 0.25 0.32 0.36 0.41 

Fibre (%) 10.17 11.20 11.33 11.42 

 

 
 

 

 

 
 

Table 4: Mineral composition of butter cakes made with different levels of popcorn 

flour or wheat flour. 

 

 
A 

 

B 

 

C 

 

D 

 

Calcium (mg/100g) 
 

5.3±0.3 

 

6.2±0.2 

 

7.2±0.2 

 

8.2±0.2 

 V 
 

 

 

 

 

 

 

 

 Phosphorus (fflg/lOOg) 
 

2.2±0.2 

 

3.3±0.3 

 

4.4±0.4 

 

6.1±0.1 

 Iron (mg/lOOg) 
 

3.&t0.2 

 

7.9±0.2 

 

7.6±0.4 

 

7.7±0.2 

 
Magnesium (mg/lOOg) 
 

1.8*0.4 

 

4.3±0.1 

 

4.2±0.2 

 
5.6±0.5 

 
Zinc (mg/lQOg) • 
 

5,5±0,4 

 

6.4±&2 

 

5.5±0.3 

 
7.1±0.1 

 
Manganese (mg/lOOg) 
 

2.1±0.3 

 
1.6±0.2 

 

1.5±0.2 

 
2.1±0,3 

 
Values are means ± standard deviation of three determinations. A, B, C, and D are the same legends as in Table 
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Table 5: Sensory and physical properties of butter cake samples 

Samples  Colour  Texture  Flavour  Mouth feel O/A L/V S/V 

A(control) 5.8a ±0.01 5.62a±0.0 6.3a±0.0 5.89a±0.02 6.33a±0.02 19.62a 0.61a 

B 5.3a±0.0 4.1a±0.0 4.3c±0.0 4.1b±0.0 5.3b±0.0 21.95a 0.64a 

C 5.0a±0.01 5.5a±0.0 6.2a±0.0 5.8a±0.0 6.9a±0.0 16.76b 0.52b 

D 5.3a±0.0 4.6a±0.0 5.5ab±0.0 4.9ab±0.0 5.9a±0.0 19.91a 0.62 

 

Values «i means ± standard deviation of three determinations, values in the same column with the same 
superscripts are not significantly (P > 0.05) different,, OA^ over all acceptobility, L/V«Loaf volume, SA'" 
Specific volume, A,B,C,Di 

Sensory and Physical Properties of Cake Samples 

Table 5 shows the sensory and physical properties of 
the cake samples. The cake samples did not differ 
(P<0.05) significantly in colour and texture as 
assessed by the sensory panelists. Flavour and 
mouth-feel of the wheat cake sample (A) was 
significantly (P>0.05) more acceptable than the 
corn cake samples, B and D, to the assessors. Loaf 
volume, (LV) and specific volume, (SV) of wheat 
cake sample did not differ (P<0.05) significantly 
from those of corn cake samples B and D. Good 
cakes are expected to have high LV and low SV, and 
since these physical characteristics of corn butter 
cakes compare favourably with those of wheat 
butter cake, popcorn flour is functionally good for 
butter cake production. 

CONCLUSIONS 

It is evident from the result of this research that 
popcorn butter cakes compared favourably in 
nutrient composition, physical and sensory 
properties with the wheat cake counterpart. The 
popcorn cake samples had higher overall nutrient 
composition than the wheat cake sample. Corn 
flour, particularly popcorn flour could be 
effectively used in place of wheat flour to produce 
butter cakes to avoid problems of metabolism 
associated with wheat flour. 
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