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Abstract

Consumption of ice cream produced from dairy products has been reportedly
associated with health hazards. To circumvent this, this study was undertaken
to formulate plant-based ice cream using kunu-zaki and soymilk (as substi-
tutes for dairy milk) fortified with mango, banana and avocado. Standard me-
thod for the preparation of ice cream was modified to formulate three va-
riants of kunu-zaki ice cream designated as B (40% kunu-zaki, 40% banana
pulp and 20% soymilk); C (40% kunu-zaki, 40% mango pulp and 20% soy-
milk); D (40% kunu-zaki, 40% avocado pulp and 20% soymilk), while control
sample A was commercial dairy-based ice cream. Analyses of proximate, min-
eral and vitamin compositions were carried out on the samples following stan-
dard procedures. The results showed lower fat content in all the formulated ice
cream samples, which ranged from 0.60 - 0.96 g/100g compared to the con-
trol sample with fat content of 8.15 g/100g. Similarly, the formulated ice cream
samples have significant protein content with sample D recording the highest
value of 3.67 g/100g compared to control sample. Samples B and C contained
higher vitamin C, vitamin B, calcium and sodium content in comparison to
sample A. Sensory evaluation showed that samples B and sample C were the
most acceptable ice cream variants in comparison to the control sample. These
findings lend credence to the strategy of value addition for providing healthier
food alternatives while contributing to the reduction in post-harvest losses of
fruits utilized as fortificants.
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Fruit Pulp

1. Introduction

Ice cream is a frozen dessert that is prepared mainly from dairy products such as
milk and cream. The type as well as the ingredients used in the production of ice
cream determines its nutrient component [1]. In many countries, including Ni-
geria, cow milk is predominantly used in the production of ice cream in addition
to fats from buffalo and other animals. However, a reasonable number of re-
ports in the literature have documented growing health concerns associated
with consumption of conventional dairy ice cream, which include lactose into-
lerance, hypercholesterolemia among others [2]. In addition, there are also high
economic costs associated with the use of dairy milk, which is mostly imported
making the product unaffordable to many low-income earners. Furthermore, ice
creams have been recommended for patients at risk of malnutrition to enable
them to consume extra energy and fluids, however, the nutritional quality of com-
monly available ice creams is largely compromised owing to overdependence on
dairy products as starting ingredients. Consequently, attempts to obtain and utilize
cheaper substitutes with no chemical additives and comparative or even higher
nutritional quality, particularly, in terms of improved protein, vitamin, and min-
eral contents have been canvassed [3]. Thus the replacement of dairy base with
cheaper options and the practice of value addition with other fruits can serve a
dual purpose of addressing malnutrition currently plaguing the sub-Saharan popu-
lation as well as contributing to control of post-harvest losses of such plant har-
vests [4].

Kunu-zaki is a sweetened cereal-based non-alcoholic beverage drink [5], which
traditionally originates from Northern Nigeria where sorghum, millet or maize
could be used for preparation depending on seasonal availability [6]. As widely
accepted and enjoyable as kunu-zaki is among the Northerners and others who
consume the drink, its nutritional quality is compromised owing to nutrient losses
during the various stages of production such as steeping, milling and sieving [7].
However, its nutritional value can be boosted with addition of soybean ( Glycine
max L.), which has been previously shown to be loaded with essential amino ac-
ids [8], exogenously required to improve one’s nutritional status. The formula-
tion of ice cream from cereal-based kunu-zaki supplemented with soybean milk
and fortified with banana, mango and avocado fruits as vehicles for delivering a
variety of vitamins and minerals [9], can contribute to addressing malnutrition,
whose incidence is on the increase particularly in developing societies such as
Nigeria [10] [11]. The need for plant-based ice creams becomes even more im-
portant and apt even as some researchers have called for reduction in the amount
of milk used in production to reduce environmental impact as well as improve
health-driven market trends [12]. This study, therefore, evaluates a plant-based

ice cream product fortified with fruits with the aim of improving its nutritional
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value while also contributing to post-harvest management of fruits through val-

ue addition.

2. Material and Methods
2.1. Study Area

The study was carried out at the Food Laboratory, Center for Food Research and
Technology, Benue State University, Makurdi, between June 2018 and Septem-
ber 2019.

2.2. Sample Collection

Sorghum, millet and soybean seeds and other ingredients for the preparation of
kunu-zaki were purchased from Modern market, while banana, mango and avo-
cado fruits were bought from Railway fruit market, all in Makurdi metropolis of

Benue State, Nigeria.

2.3. Preparation of “Kunu-Zaki”

Sorghum grains (2 kg) and millet (2 kg) were weighed and sorted by hand to
remove foreign substances and dirts. They were then washed separately under
running water to ensure it was clean before being steeped in water for 12 h and
drained. Ginger was also washed along with the other ingredients and then ground
into paste separately from the grains using a wet milling machine (disc attrition).
To the paste, 4 L of boiling water was added to the large portion containing the
composite paste to gelatinize the starch. The smaller portion containing the in-
gredients was then added to the larger portion immediately and stirred to mix
properly and left overnight for saccharification/liquefaction according to pre-
vious method [13]. The mixture was sieved the next day using a muslin cloth

and kept under hygienic condition for further use.

2.4. Preparation of Soybean Milk

Sand and solid impurities were hand-picked before washing the soybean seeds.
The seeds were then soaked in water for 12 h and the husks were removed by
rubbing with hands. It was then drained out and blended using a wet milling
machine (disc attrition). The slurry was then filtered using a double layered mus-
lin cloth. Ginger was added and boiled for about 10 min while stirring constantly

according to boiling extraction technique we previously used.

2.5. Preparation of Ice Cream Variants

Different ice cream samples were prepared by modifying the method of standar-
dized ice cream preparation [14] with modifications. Kunu-zaki ice cream va-
riants were prepared by a combination of kunu-zaki and soymilk as base with
banana, mango and avocado as fortificants. The fruits were first washed and fro-
zen in an airtight Ziploc bag for 8 h before been used to process kunu-zaki with

soymilk blends in the selected ratios determined from preliminary trials as indi-
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cated in the sample labelled A - D in Figure 1 below.

Sample A was a commercial ice cream made from diary base as control. Sam-
ple B, C and D were formulated from 40% kunu-zaki, 20% soymilk and 40% ba-
nana (B); 40% mango (C) and 40% avocado (D) respectively.

2.6. Determination of Proximate Composition

The proximate analysis of samples were carried out according to approved pro-
cedures [15]. Moisture content was determined in a hot-air circulating oven
(Gallenkamp, UK). For total ash content, samples of known weights were inci-
nerated at 550°C in a muffle furnace (Gallenkamp, UK). Crude fat determina-
tion was done by completely extracting a known weight sample in petroleum
ether while protein content was determined using the micro Kjeldahl method

[16]. Carbohydrate content was measured by difference approach.

2.7. Determination of Physicochemical Properties

The pH was determined directly using a digital pH meter (Jenway, England). Total
titrable acidity and total solid contents were determined according to approved
methods.

2.8. Determination of Amino Acid Profile

The Amino acid profile of the ice cream samples was determined according to
methods described by Benitez, using an Applied Biosystems PTH Amino Acid
Analyzer (MODEL: 120 A). Tryptophan was determined separately due to its
susceptibility to acid hydrolysis by using thioglycolic acid with 6 N hydrochloric
acid to preserve it according to standard method [17] [18].

2.9. Sensory Evaluation

Sensory evaluation of the four ice cream samples was conducted by a 10-member
trained panelists. The descriptive 9-point Hedonic scale with 9-like extremely to

1-dislike extremely as described by [19], was used for the evaluation. Ice cream

Figure 1. Formulated ice cream variants and control sample.
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quality was judged in terms of appearance/colour, taste, flavour, mouth feel (tex-

ture) and overall acceptability.

2.10. Statistical Analysis

Measurements of each parameter were carried out in duplicates for all deter-
minations. Data were analysed using Statistical Package for the Social Sciences
(SPSS version 16.0). Similarities and differences amongst data sets were sub-
jected to analysis of variance (ANOVA) with the New Duncan Multiple Range
Test (NDMRT) employed to separate the means expressed as mean + standard
deviation at 95 % confidence level (p < 0.05).

3. Results and Discussion
3.1. Proximate Composition

The results of proximate composition are presented in Table 1. The moisture con-
tent of the value-added ice creams (B - D) varied from 72.01% to 78.08% compara-
ble to the commercial sample, which recorded 63.73%. The slight difference in
values of experimental samples and the control may be due the presence of
fruits, which naturally contain significant amount of water. However, the result
of moisture contents is similar to those reported for formulated ice creams forti-
fied with guava pulp as well as calcium and vitamin D [20]. Ash content which is
an indication of the mineral content was not significantly different from sample
A which did not agree with the findings of [21]. The higher value observed in the
control may be as a result of inclusion chemical compounds as additives in com-
mercial ice cream products. The observed low percentage ash in the formulated
ice cream samples may be attributed to the processing techniques for both ku-
nu-zaki and soymilk [22], which might have resulted in some micronutrients
leaching out through the sieved water. The fat content in all the formulated ice
cream samples, which varied from 0.6% to 0.9% are significantly lower than the
control sample recording above 8%. This could be attributed to the low fat con-
tent of kunu-zaki and the fruits as noted by other researchers [23]. The fat con-
tents are consistent with the recommendation of consumption of food items with

low fat composition for healthier nutrition. However, the high fat content of the

Table 1. Proximate composition of the ice cream samples.

Moisture Fat Protein Ash Carbohydrate

Sample (o) %) %) %) (%) Fibre
A 63.73%0.134* 8.15+0.162° 2.55+0.014° 1.19 +0.028° 21.57 + 0.226° 2.61 + 0.141>
B 72.01%0.056" 0.60 +0.014* 2.19 +0.056° 0.01 +0.003* 23.42 +0.190% 1.77 + 0.282°
C  7527+0.353" 0.85+0.028° 2.16 £ 0.014* 1.01 +0.127¢ 17.65 +0.353* 2.95 + 0.042°

D 78.08 + 0.424° 0.96 + 0.036° 3.36 + 0.063° 0.56 + 0.070° 15.79 +0.395° 2.17 + 0.197%

ANOVA 0.001 0.001 0.001 0.001 0.001 0.012

Values are Mean + Standard deviation for two independent determinations. Values with different super-
script down the column differ significantly at p < 0.05 (Duncan Multiple range test).
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commercial sample in this study agrees with the high saturated fat contained in
other commercial samples previously analysed [24]. Crude protein contents of
the samples range from 2.19 to 3.6 g/100g. Although samples B and C contained
lower amounts of protein compared to sample A, the values fall below standard
range of 3.45 g/100g to 7.38 g/100g [25]. On the other hand, sample D has the
highest protein content of 3.66 g/100g higher than the control sample. The higher
protein content observed in sample D could be traced to inclusion of avocado
pear, which was previously reported to contain between 1% - 3% protein content
in its pulp. Giving that protein-energy malnutrition is a public health concern,
consumption of value-added ice cream may be helpful in supplementing protein
nutriture. The carbohydrate content of the formulated ice cream samples ranged
from 23.4% to 15.79% and was all significantly different (p < 0.05). The carbo-
hydrate content of the control sample was 21.57% which agreed with other find-
ings [26], which observed that dairy ice cream is high in carbohydrates and sug-
ar. The carbohydrate content of the formulated ice cream samples might have
been impacted by the carbohydrate content of kunu-zaki beverage drink known
for use to replace lost energy during activity. Crude fibre content of formulated
ice cream sample C was higher than the control sample. This according to stu-
dies may be from the soluble dietary fibre contained in mango which contributes
in lowering cholesterol levels [27]. The crude fibre content observed in sample A
may be as a result of the emulsifiers and stabilizers used in production of com-
mercial ice cream because standard dairy ice cream is understandably low in
crude fibre. Overall, value addition of the novel products increased the proximate
compositions in similar manner to that previously reported [28], who consi-

dered the effect of fortification of ice cream with nuts and seeds.

3.2. Vitamin and Mineral Contents

The results of vitamins and mineral composition of the ice cream samples are
presented in Table 2. The result showed that the formulated ice cream compared
with the control sample contained reasonable amounts of vitamin C ranging from
18 - 38 mg/100g. Sample C fortified with mango had the highest value which is

consistent with established knowledge of high vitamin C content of this fruit,

Table 2. Vitamin and mineral content of the ice cream samples.

Sample VIT B¢ (mg/100g) VIT C (mg/100g) Ca (ppm) Na (ppm)
A 0.31 +0.077° 21.385 + 0.544¢ 0.001 +0.000*°  0.023 + 0.001°
B 0.498 +0.021° 18.79 + 0.049° 0.006 + 0.000°  0.003 + 0.000°
C 31.28 +0.233¢ 38.42 +0.063¢ 0.018 £ 0.000°  0.136 + 0.006¢
D 0.118 + 0.001° 21.385 + 0.544¢ 0.005 +0.000°  0.011 + 0.000*

p-value 0.001 0.001 0.001 0.001

Values are Mean + Standard deviation for two independent determinations. Values with different super-
script down the column differ significantly at p < 0.05 (Duncan Multiple range test).
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and the findings of increased ascorbic acid found in ice cream samples fortified
with Kiwi juice [29]. Consumption of food items with vitamin C as natural anti-
oxidant is encouraged owing to its ability to neutralize reactive oxygen species,
which if unchecked could potentiate the growth of cancerous cells [30]. This is
further supported by the report that inclusion of synthetic ascorbic acid in food
preparation may be deleterious in the sense that the artificial form can react with
sodium benzoate to form benzene ring, which has been reported to be a potent
carcinogen [31]. In similar vein, the vitamin B6 content of sample C was found
to be significantly (p < 0.05) higher than the control sample A consistent with
previous finding [32]. Vitamin B6 plays an important role in protein and glucose
metabolism as well as synthesis of hemoglobin, thus the formulated ice cream
samples could hold promise for the supply of this essential nutrient. The calcium
contents of our products were all significantly different (p < 0.05) from that in
sample A. Although the value found here are lower than those reported for stan-
dard dairy milk [33], which may be due to the different brand of dairy product
used. The values recorded for sodium are low; the amount contained in sample
C is significantly higher than the control sample. The claim that frozen dessert
products are potential carriers of functional health-benefitting ingredients and
thus can be useful for both dietetic and therapeutic purposes [34] [35], is sup-
ported by the results of enhanced micronutrient composition of our value-added
product where sample C contain higher amounts of vitamin C and Ca compared
to the control. In general, these results are in congruence with documented evi-
dence of increased mineral and vitamin contents of ice creams fortified with dif-
ferent fruits such as Indian gooseberry, banana, guava, pear pulp, lemon and
passion fruit [36] [37].

3.3. Physicochemical Properties

The physiochemical composition of the ice cream samples as presented in Table
3 range from. 4.47 - 6.48 for pH as well as 0.028% - 0.07% and 18.67% - 34.49%
for TTA and TS respectively The pH of sample A was near neutral which was in
agreement with previous findings [38] while those of the formulated ice cream
samples had lower pH values similar to earlier findings, which suggest that slight

lactic acid fermentation takes place during production of kunu-zaki [39]. Since

Table 3. Physico-chemical parameters of the ice cream samples.

pH TTA (%) TS (%)
A 6.485 + 0.007¢ 0.077 + 0.007° 34.490 + 0.353¢
B 4.475 + 0.007* 0.028 + 0.001° 26.250 + 0.042°¢
C 4.975 +0.021¢ 0.044 + 0.002" 21.565 + 0.035°
D 4,740 +0.014° 0.028 + 0.001° 18.670 + 0.282°
p-value 0.001 0.001 0.001

Values are Mean + Standard deviation for two independent determinations. Values with different super-
script down the column differ significantly at p < 0.05 (Duncan Multiple range test).
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lower pH in foods helps to reduce the activity of spoilage microorganism it im-
plies that ice cream samples B, C and D may have higher shelf stability than sam-
ple A. The percentage total titrable acidity (TTA) for the formulated ice cream
samples followed the expected trend of the higher the pH the lower the total
acidity as seen in samples B, C, D and vice versa as reported by others [40]. Gener-
ally, the results of analysis of physicochemical properties, particularly pH and
total solids are in consonance with other previous reports, and more recently
with those obtained in a study that analysed characteristics of roselle plant ex-

tract-fortified ice creams [41].

3.4. Amino Acid Profile

Total amino acid content of the formulated and control ice cream samples as pre-
sented in Table 4 range from 26.54 - 41.28. While the values of samples B and C

are similar to the control sample A, sample D recorded the highest amount of

Table 4. Amino acid content of the ice cream samples.

Amino acid
Leucine
Lysine
Isoleucine
Phenylalanine
Tryptophan
Valine
Methionine
Histidine
Threonine
Cysteine
Alanine
Glutamic acid
Glycine
Serine
Aspartic acid
Proline
Arginine
Tyrosine
Leucine
TEAA

TNEAA
TAA

A

3.505 + 0.007°
2.065 *+ 0.007°
2.220 +0.014°
1.050 + 0.014°
0.460 + 0.014°¢
0.820 + 0.000°
0.745 + 0.007°
0.950 +0.014°
1.655 + 0.007°
0.305 + 0.007°
0.990 + 0.000°
3.165 + 0.021°
0.950 # 0.000°
1.215 + 0.007°
2.475 + 0.007°
1.010 + 0.000°
2.580 + 0.000°
0.515 +0.007°
3.505 + 0.007°

13.47

13.205

26.675

B

2.505 + 0.007°
1.585 + 0.007°
0.980 + 0.000°
1.055 + 0.007°
0.420 + 0.000°
0.645 +0.007°
0.810 + 0.014°
1.080 + 0.014°
0.990 + 0.014°
0.480 + 0.000°
0.835 + 0.007°
4,345 + 0.007°
2.085 + 0.007¢
1.560 + 0.014°¢
4.275 +0.007¢
1.005 + 0.007°
1.200 + 0.000*
0.685 + 0.007°
2.505 +0.007°

10.07

16.47

26.54

C
0.870 + 0.000°
0.640 + 0.000*
0.385 + 0.007°
0.705 + 0.007*
0.305 + 0.007°
0.520 + 0.014*
0.550 + 0.014*
0.380 + 0.000°
0.440 + 0.000°
0.725 + 0.007¢
0.760 + 0.000°
3.635 + 0.007°
1.005 #+ 0.007°
0.860 + 0.000°
1.355 + 0.007°
0.405 + 0.007°
2.410 + 0.000°
0.345 + 0.007*
0.870 + 0.000*
4.795
11.5
26.295

D

4.960 + 0.000¢
2.405 + 0.007¢
2.380 + 0.000¢
1.850 % 0.000¢
0.675 + 0.007¢
2.340 + 0.000¢
1.145 + 0.007¢
1.150 #+ 0.000¢
2.355 + 0.007¢
0.355 +0.007°
2.045 + 0.007¢
5.135 + 0.007¢
1.045 + 0.007¢
2.080 + 0.000¢
3.435 + 0.007°
2.340 + 0.000°
3.705 + 0.007¢
1.885 + 0.007¢
4.960 + 0.000¢

19.26

22,025

41,285

Values are Mean for two independent determinations. Values with same superscript down are not statisti-
cally significant (Duncan Multiple range test) at p > 0.05.
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Table 5. Sensory attributes of the ice cream samples.

Colour Flavour Taste Mouth feel Consistency After taste  Overall acceptability
A 7.90 + 1.00* 8.00 + 0.71% 7.55 + 1.34° 7.67 + 0.69° 8.00 + 0.55¢ 7.70 + 0.55" 8.00 + 0.55°
B 7.89 + 0.84* 8.20 + 0.70° 7.53 + 0.89" 7.40 + 0.71° 7.98 + 0.89" 7.75 + 0.55" 7.95+0.71°
C 7.93 +£0.71* 7.90 + 0.55° 7.12 + 1.14* 7.23 + 1.00° 7.95 + 0.84° 7.67 + 0.45° 7.90 + 1.22°
D 7.99 + 0.48° 6.90 + 0.54° 7.00 + 0.55% 7.12 £ 0.71* 7.50 + 1.23* 6.90 + 1.20* 7.00 % 0.84*
ANOVA 0.043 0.043 0.280 0.019 0.006 0.003 0.006

Data are presented as mean + standard deviation. Values with different superscript down the column are statistically significant (Duncan Multiple range

test) at p < 0.05.

total amino acid profile. More importantly, the samples contained reasonable
amounts of essential amino acids content with sample D being consistently sig-
nificantly different (p < 0.05) compared with sample A, which further confirms
the result of protein content from proximate analysis. The result of high amino
acid content agrees with that reported from analysis of nutrient composition of
avocados, which surmised its health potential [42]. The amounts of essential
amino acid such as isoleucine, leucine, lysine and valine, which have a huge role
in muscle growth and function was higher in the formulated ice cream sample
D, suggesting a good driver for these essential nutrients and improvement on nu-

tritive value of ice cream.

3.5. Sensory Attributes of the Ice Cream Samples

The sensory attributes of the formulated ice cream samples as well as the control,
which range from 6.90 - 8.20 on a 9-hedonic scale is as presented in Table 5. The
results show that all samples including the control have similar rating by the pa-
nelists in terms of colour, flavor, taste, mouth feel, consistency, after taste and
overall acceptability as the values only vary slightly, in similar fashion to docu-
mented reports [32] [43]. However, the control sample had marginally higher
rate values of overall acceptability. This may not be unconnected with the inclu-
sion of additives such as colouring agents and sweeteners, which may have posi-

tively impacted on the general sensory attributes.

4. Conclusion

Results from this study show that value addition of “kunu-zaki” through formu-
lation of novel ice cream products fortified with fruit pulp contains essential nu-
trients capable of supplementing the daily requirement. However, there is a need
to improve the percentage of soymilk to make up for the low protein content of

kunu-zaki, which is the focus of our future work.
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