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ABSTRACT

Background: Aerial yam bulbil is one of the high-yielding food crops with quality nutrients. It has great potential to
contribute to food security. However, this food crop is often underutilized. Therefore, the traditional methods of
processing it into flour to increase food diversity, reduce post-harvest loss, improve nutrient quality, and reduces
anti-nutrients are often unexploited in Nigeria.

Objective: The study evaluated the effect of traditional food processing methods on the nutrient and anti-nutrient
composition of Aerial Yam bulbil flours.

Methods: The aerial yam bulbil was harvested from a farm in Ovoko, Igho-Eze South LGA Enugu State, Nigeria,
and was divided into three portions as follows: Unprocessed; germinated for 72 hours only; germinated for 72 hours
and fermented for 48 hrs. After, the three portions of the Aerial yam bulbils were separately peeled, cut into small
pieces, washed, drained, sundried, and milled into flours such as Unprocessed aerial yam flour (UAYF); germinated
aerial yam flour (GAYF); germinated and fermented aerial yam flour (GFAYF). The flour samples were subjected
to nutrient and anti-nutrient analysis using standard methods. The data were analyzed using IBM-SPSS version 22.
Statistical analysis was carried out using Analysis of Variance (ANOVA) and the means were compared using post
hoc tests; Duncan’s multiple tests and Fisher’s least significant difference test.

Results: Germinated and fermented aerial yam flour had higher Protein (21.30%) and Fat (3.32%) and least
carbohydrate (65.78%) and ash (3.95%), while sample UAYF and GFAYF had higher fibre (3.95%). GFAYF had
higher zinc (0.13mg), iron (3.55mg), calcium (3.34mg), and phosphorous (84.39mg). GFAYF had reduced Phytate
4.73mg; Tannins (1.24mg); Hydrogen Cyanide (4.16mg); Oxalate (2.38mg); but increased Saponin (0.12mg)
respectively.

Conclusion: Combined germination and fermentation improved nutritional quality and decreased the anti-nutritional
content of Aerial yam flour. This product can be used for the preparation of healthy and therapeutic dishes.

Keywords: Aerial yam flour, Germination, Fermentation, Nutrient composition

INTRODUCTION contributes protein, fiber, and some minerals and
Aerial yam (Dioscorea bulbifera) is an edible aerial essential vitamins in human diets (2, 1). Aerial yam
“bulbil” usually known as the air potato and a bulbil can be boiled, roasted, or fried alone or in
member of the Dioscoreaceae family which consists combination with other food crops for food, and their
of several varieties that originate and grow consumption may provide adequate nutrients to
extensively in Africa and South Asia. The aerial maintain good health. Seasonality precipitates
“bulbils” are under-utilized and not commercially micronutrients and general nutrient deficiencies. Yam
grown; but are cultivated and consumed among rural is one of the stable food crops which serve as an
dwellers in parts of Western Nigeria (1). The Aerial integral vehicle for food security not only in Nigeria
yam bulbil is called “adu” in Igbo language, but in West Africa (3), a source of income and
ewuraesi in Yoruba and doyarbisa in Hausa employers of labour in the producing areas. Different
languages. It can grow in wild forms or be cultivated varieties of yams such as: D. rotundata. D.
for food. Aerial yam bulbil provides sufficient cayenensis, D. bulbifera, D. dumentorumand D.
number of calories from Carbohydrates. It also esculenta that are cultivated and produced in lesser
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quantity for domestic use in Nigeria are due to
constraints such as lack of finance, high cost of
labour and storage facilities, hard-to-cook property as
well as the presence of some anti-nutrients.

Traditional food processing methods such as soaking,
germination, and fermentation could reduce the level
of anti-nutrients thereby improving the nutritional
qualities of food products (4). Eliminating or reducing
of Anti-nutrients may be more effective by a
combination of processing methods than single
techniques (5). During fermentation and germination,
phytates are degraded by the activation of inherent
phytases (6). Food fermentation enriches food
substrates with protein, essential amino acids, and
vitamins; and the diet through the development of a
diversity of flavors, aromas, and textures in food
substrates; eliminates anti-nutrients; reduces the
Post-harvest loss, cooking difficulties and provides a
desirable taste on the food product (7). Reduction of
anti-nutritional factors in roots and tubers (aerial yam),
legumes, and cereals are very important in food
processing, preparation, and formulation of not only
complementary foods but other foods to ensure
nutrient bioavailability. Fermentation and germination
are traditional food processing techniques used to
produce ogi (7) from sorghum, maize, or millet; garri
or fufu from cassava; ogiri from melon seed, castor oil
seed, which are widely consumed across West Africa
(8) and in Nigeria. Fermentation and germination of
food not only enhance nutrient availability and reduce
anti-nutritional factors (9) but also reduce post-harvest
losses and increase the shelf life of the food.

Aerial yam bulbil processing and cultivation have
received minimal interest and attention from food
processors in Nigeria. Moreso the health benefits of
aerial yam bulbils in lowering blood cholesterol
levels, and blood pressure, and treatment of other
diseases are underexploited. Aerial yam flour may
create convenience in the diverse use of this food
product as food in Nigeria, it can also create jobs for
people that produce the flour (10, 11). Aerial yam
bulbil referred to as ‘potato yam’
or ‘air potato’ is cultivated for food, though with
constricted consumption even during periods of food
shortage, due to its hard-to-cook property and
possession of antinutrient content (12). It is highly
under-exploited (13), especially in Nigeria.
Improving the nutrient quality of aerial yam through
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germination and combining germination and
fermentation and the production of aerial yam flour
has not been fully explored. Bridging the
nutrition gap has become imperative with a view
to providing information on the effect of processing on
the nutrient profiles of aerial yams, and its diverse use
both in solving nutrition problems and the food
industry. It is, therefore, the objective of this
work to evaluate the effect of some traditional
food processing methods on the nutrient and
anti-nutrient composition of Aerial Yam bulbil
(Discorea bulbifera) flours.

MATERIALS AND METHODS:

Materials: Aerial yam bulbil (Discorea bulbifera)
that is used for this study was obtained from a family
farm in Ovoko, Igho-Eze South Local Government
Area, Enugu State, Nigeria.

Sample preparation

A large quantity (4kg) of aerial yam bulbil (Discorea
bulbifera) was harvested, cleaned, washed, allowed
the water to drain, and then divided into three
portions. The first portion was peeled, cut into small
round sizes, spread out in a wide wooden basket, and
sun-dried to 96% dry matter, milled, packaged in
cellophane bags, labeled, and stored in the
refrigerator until used for nutrient and anti-nutrient
analyses. The remaining two portions were soaked in
tap water in a ratio of 1:3 (w/v), drained and spread
on a wet jute bag, covered completely with another
wet jute bag, and allowed to germinate for 72 hours
(3 days). After germination, the aerial yam was
divided into two portions. The first portion was
peeled, cut into small round pieces and sun-dried to
96% dry matter, milled, packaged in cellophane bags,
labeled, and stored in a refrigerator for nutrient and
anti-nutrient analyses. The third portion was soaked
in a plastic container in tap water in a ratio of 1:3
(w/v) and left to ferment for 48 hours by inherent
microflora. When the bubbles that indicate initial
fermentation appeared, the fermenting aerial yam was
drained in a stainless sieve, peeled, cut into small
round pieces, and spread evenly in a wide wooden
basket; labeled, and set out for sun drying. After sun
drying, the samples were milled, packaged, labeled,
and stored as the other samples. The sample
preparation flow chart is represented in Figure 1.
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Figure 1: Systematic procedure for the selection and traditional processing of aerial yam (Dioscorea bulbifera)

into flours.

Nutrients and anti-nutrient analysis

Proximate analysis

The moisture content of samples of Aerial yam flour
was determined using the oven-drying method
described by the Association of Official Analytical
Chemistry (AOAC) (14). The percentage of dry
matter was determined by subtracting the moisture
content from 100%. The protein content of the
samples was determined using the Kjedahl method as
described by AOAC (15, 16). Fat content
determination was done by Soxhlet extraction
technique using petroleum ether (40-50°C) as
described by Folchet et al. (17). The crude fibre was
determined by the method of AOAC International,
(14) and McCleary and Prosky, (18). The Ash
content was determined using incineration of 2 g of
each sample in a muffle furnace at 500°C for 2 hours
as described by AOAC (14). The carbohydrate

content of the flour samples was determined by
difference. Carbohydrate (%) = 100% - [Moisture (%)
+ Crude Protein (%) + Ash (%) + Fat (%) + Crude
fibre (%)].

Minerals content of the aerial yam flour samples
Mineral compositions of the aerial yam flour samples
were determined according to methods recommended
by AOAC International (14,16,19) wusing an
absorption spectrophotometer. lron, zinc, calcium,
and magnesium contents were analyzed by Atomic
Absorption Spectrophotometer (20, 21, 22). All the
analyses were in triplicate determinations.
Determination of anti-nutrient properties of the
aerial yam flour

Phytate determination was carried out by the method
of Makkar and Becker (23). Tannin was determined
by the method of Kirk and Sawyer (24). Oxalate was
determined by spectrometric method by Dye, (25).
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Saponin was determined by the modified method of

Makkar and Becker, (23). Hydrogen cyanide (HCN) RESULTS

was determined by the method of AOAC The results of the proximate composition of
International (14). unprocessed, germinated, germinated, and fermented
Statistical analyses aerial yam flour on a dry matter basis are presented in
The data obtained from the chemical evaluations of Table 1. The germinated aerial yam flour had the
the flour samples were statistically analyzed using highest protein and fat content values of 21.30% and
SPSS version 22. Analysis of variance (ANOVA) 3.32%, respectively. The germinated and fermented
and means were separated and compared using post aerial yam flour had the highest ash and fiber content
hoc tests such as Duncan’s new multiple range test value of 3.95% each, respectively, as well as the
and Fisher’s least significance difference (LSD) were lowest carbohydrate content value of 65.78%. The
used to determine the significant differences between unprocessed aerial yam flour had the highest
the means and separation of the means where carbohydrate content of 70.80%.

significant differences existed at P < 0.05.

Table 1: Proximate composition of unprocessed, germinated and germinated and fermented aerial yam flour
(%) in dry matter base.

Flour Samples Protein Fat Ash Fiber Carbohydrate  Dry Matter
UAYF 19.242 2.942 2.982 3.95° 70.80¢ 91.32
GAYF 21.30° 3.32° 3.01° 3.332 67.95P 91.22
GFAYF 20.11° 3.19° 3.95¢ 3.95° 65.782 91.37
LSD 1.0832 1.0922 1.0945 1.0844 1.0886 1.0817

Dry matter meant SD of triplicate determination; values with the same alphabet superscript indicate no significant difference in the mean values
of samples across the column, while values with different alphabet superscripts indicate a significant difference in the mean values of samples
across the column. UAYF = Unprocessed aerial yam flour

GAYF = Germinated aerial yam flour

GFAYF = Germinated fermented aerial yam flour.

The mineral composition of unprocessed, germinated, phosphorus content of 0.13mg, 3.55mg, 3.34mg, and
and fermented aerial yam flours on a dry matter basis 84.39mg per 100g, respectively, compared to the
(mg/100q) is presented in Table 2. Germinated and unprocessed aerial yam flour and germinated aerial
fermented aerial yam flour (GFAYF) was yam flour.

significantly higher in zinc, iron, calcium, and

Table 2: Mineral composition of unprocessed, germinated, germinated, and fermented aerial yam flours on a
dry matter basis (mg/100g).

Minerals UAYF GAYF GFAYF
zZinc 0.09° 0.052 0.13¢
Iron 3.402 3.47%® 3.55°
Calcium 2.862 3.01° 3.34¢
Phosphorus 65.152 74.95" 84.39¢

Values with the same alphabet superscript indicate no significant difference in the mean values of samples across the column, while values with a
different alphabet superscript indicate a significant difference in the mean values of samples across the column.

UAYF = Unprocessed aerial yam flour

GAYF = Germinated aerial yam flour

GFAYF = Germinated fermented aerial yam flour

Table 3 presented the anti-nutrient content of (HCN), and oxalate value of 4.73mg, 1.24mg,
unprocessed, germinated, and fermented aerial yam 4.16mg, and 2.38mg, respectively, and with
flours on a dry matter basis (mg/100g). Germinated significantly increased saponin value of 0.12mg as
and fermented aerial yam flour (GFAYF) had compared to other samples.

significantly least phytate, tannins, hydrogen cyanide

38


https://www.ajol.info/index.php/jdan/index

Journal of Dietitians Association of Nigeria (JDAN) Volume 13.
Available online at: https://www.ajol.info/index.php/jdan/index

Issue 2, December 2022.

Print ISSN: 2141-8209; el SSN: 2635-3326

Table 3: Anti-nutrient content of unprocessed, germinated, germinated and fermented aerial yam flours on

dry matter basis (mg/100g)

Anti-nutrient UAYF GAYF GFAYF
Phytate 5.28P 5.22° 4,732
Tannins 1.28° 1.26° 1.242
Hydrogen cyanide (HCN) 4.66° 5.26°¢ 4.16°
Oxalate 5.55° 5.26° 2.38?
Saponin 0.05? 0.08° 0.12¢

Values with the same alphabet superscript indicate no significant difference in the mean values of samples across the column; while values with a
different alphabet superscript indicate a significant difference in the mean values of samples across the column.

UAYF = Unprocessed aerial yam flour
GAYF = Germinated aerial yam flour
GFAYF = Germinated fermented aerial yam flour

DISCUSSION

This study has revealed that aerial yam, both
processed and unprocessed, contained an appreciable
quantity of protein. The protein content of aerial yam
flour contributes more than 20% as against 12% of
the total caloric value of the food that is considered a
good source of protein diet (26). The protein content
is, however, higher in the processed than the
unprocessed aerial yam flour. This could be
attributed to the activities of the enzymes (proteases)
that are activated during the germination process
which hydrolyze the bonds between protein and
anti-nutrients to release more free amino acids to
synthesize new protein. The findings in this study are
similar to a previous study by Ghavidel and Prakash,
(27) that reported an increase in protein in green
gram, cowpea, lentil, and chickpea (soaking in water
for 12 hr at 22-25°C, and germination for 24 hr).
Moreso the higher protein content could be attributed
to an increased number of free amino acids released
during germination (28). This protein content is
higher compared to that reported by Kayode et al. (1)
of protein content between 4.42% to 5.07% for aerial
yam flour blanched, fermented, and unfermented or
sundried or solar dried; and 2.40% raw water yam;
1.8% raw lIrish potato; 1.04% raw cassava (29). This
could be due to the low moisture content in the aerial
yam flour. An appreciable amount of protein in aerial
yam could indicate that aerial yam flour is an
important and nutritious food for fighting
malnutrition, especially severe acute malnutrition in
children.

Dietary fats help in the absorption of fat-soluble
vitamins, and retention of flavors during cooking and
contribute to increase palatability of the diet (26).
The dietary fats of Aerial yam flour contributed to
about 7% of the caloric value. This finding is higher
than that reported by Otegbayo et al. (26) on dietary
fats contribution of 1%-2% caloric value of food
which is sufficient for the diet. This could be due to
the hydrolysis of fat to fatty acids and glycerol for the
synthesis of new fat. This finding is like that reported
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by Chukwuemeka et al (30) on germinated and
fermented cowpea flour had higher fat and protein
content than unprocessed and germinated cowpea
flour. The ash content of the Aerial yam flour
determines the presence of important dietary minerals
and is useful for the development of the body (26).

The dietary fiber of food reduces the threat of colon
cancer and cardiovascular diseases and protects the
beneficial microflora of the intestine (26). The high
fiber in the diet improves the digestion and
absorption process of the large intestine, which helps
to prevent constipation (31). The fiber content of
aerial yam flour could be attributed to its low
glycemic index property which makes it suitable for
the management of diabetes mellitus.

Germination and fermentation of aerial yam flour had
an increased ash and fiber content, indicating that
both germination and fermentation activate enzymes
and microorganism activities that hydrolyze and
degrade the complex bonds between anti-nutrients
and nutrients in aerial yam to release the minerals
that are in ash form. More so, complex carbohydrates
are broken down into simple sugar and are utilized
for the growth of bacteria responsible for the
fermentation process. The increase in fiber content
and the decrease in carbohydrates are attributed to the
above-mentioned activity.

The study also observed that germinated and
fermented aerial yam flour had the highest zinc, iron,
calcium, and phosphorus content. The germination
and fermentation process increases the minerals and
fiber content and decreases the carbohydrate content
and could be suitable for the preparation of low
glycemic food products for diabetics, and
micronutrient quality food for the prevention and
treatment of micronutrient deficiencies. The presence
of phytate in Aerial yam limits the bioavailability and
utilization of minerals such as iron, calcium, and zinc
by forming indigestible insoluble complexes with
these minerals (32, 26).
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The study revealed that Aerial yam flour contains
significant levels of anti-nutrients such as phytate,
tannins, hydrogen cyanide (HCN) and oxalate, which
decreased by the processing methods used.
Anti-nutrient contents of Aerial yam flour could form
complex bonds or complex compounds with the
minerals and nutrients which affect its absorption in
the human body. The combined processing methods
of germination and fermentation reduced the
anti-nutrient contents of Aerial yam flour more than
single processing method. This implies that the
complex bonds or complex formation between
nutrients and anti-nutrients which make them
unavailable have been hydrolyzed by the enzymes
and microflora that are responsible for germination
and fermentation process, respectively. A study by
lyang and Zakari, (5) reported that combination of
processing methods may be more effective in
eliminating or reducing anti-nutrients than single
techniques. Germination and fermentation have been
shown to reduce anti-nutrients that are bound with
nutrients and make the nutrients inaccessible and
limit their bioavailability during absorption. This is
supported by a previous study by Yasmin et al., (33)
that reported a decrease in cyanide, tannins,
polyphenols, and phytic acid in red kidney beans that
were processed by germination.

CONCLUSION

Aerial yam flour produced from combined
germination and fermentation process has improved
nutritional value (protein, fat, fiber, ash, and minerals)
and reduces the anti-nutrient contents. The processing
of aerial yam flour shows improved in nutrient
quality and can be used to prepare varieties of healthy
dishes for both healthy individual, diabetic, and
malnourished children requiring quality nutrients to
improve their health and nutritional status.
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