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Abstract

With the urbanization and changing food habits, most of these underutilized yams have lost their significance. However, the
study of their nutritional value is insufficient. The overall objective of this study was to evaluate the nutritional composition,
functional properties and phytochemical composition of four selected underutilized yam varieties in Sri Lanka; “Dioscorea
alata”, “Amorphophallus campanulatus”, “Canna indica” and “Dioscorea pentaphylla”. The moisture content of
“Dioscorea alata” was the highest (7.75 £ 0.09%) and the lowest was recorded in “Canna indica” (6.41 + 0.04%). All five
varieties were low in fat content and highest was recorded in “Dioscorea alata” (1.09 + 0.01%). The crude protein content of
“Dioscorea alata” and “Amorphophallus campanulatus” were 4.28 + 0.13%, 5.70 = 0.11% respectively. The highest ash
content was recorded in “Amorphophallus campanulatus” (4.711 + 0.36%). All five yam flour varieties were high in
carbohydrate content and highest was recorded in “Canna indica” (85.28 = 0.96 %). The observed fiber content in “Dioscorea
pentaphylla” (5.20 + 1.08 %) was much higher than the reported value of other yam flour varieties. K was the most
predominat element found in each yam flour varieties. The highest K content was recorded in “Amorphophallus
campanulatus”. In antioxidant screening of “Canna indica”, by using DPPH Radical scavenging activity, showed highest
value compared to other varieties. The highest TPC of 42.50 £ 0.98 mg Gallic acid equivalent per g was recorded in “Canna
indica” and the lowest was recorded as 6.47 + 0.01 mg Gallic acid equivalent per g in “Dioscorea pentaphylla”. Functional
properties of the five varieties were illustrated by the water holding capacity and oil holding capacity. The highest oil holding
capacity and the highest water holding capacity were recorded in “Amorphophallus campanulatus” (WHC-243.08 + 2.56% &

OHC-77.04 + 2.95%).

Keywords: nutritional composition; physicochemical properties; antioxidant; TPC

1. Introduction

Sri Lanka has many underutilized yams with high
nutritional potential. Most of their nutritional value has not
been investigated yet [M. Hence, this research attempt to
investigate nutritional value of four selected underutilized
yam varieties available in Sri Lanka; Dioscorea alata,
Amorphophallus  campanulatus, Canna indica and
Dioscorea pentaphylla were used for the study.

Edible Canna indica can be divided into two main clusters:
the green and red cultivar group . Edible canna is
herbaceous plant originated from South America, which its
rhizome commonly used and its utilisation not optimise in
Sri Lanka. There were the green and red cultivar groups
mainly available is Sri Lanka. So this study was to identify
the nutritional composition, physiochemical properties and
antioxidant potential in each 2 cultivar groups. “Dioscorea
alata” belongs to Dioscoreaceae family. D. atropurpurea
and D. sativa are some synonyms. About 600 species of
Dioscorea are consumed in various parts of the world El,
Dioscorea alata have medicinal properties and can be used
in Ayurvedic and Western medicine. Earlier, it was mainly
grown in the garden. “Amorphophallus campanulatus” is a
large aroid, which is found throughout Asia. The taxon is
reported to occur in China, Bangladesh, India (including the
Andaman Islands), Sri Lanka and Samoa. It has been
cultivated for centuries in the Asian and Indopacific region
and its natural distribution has been totally obscured
because many specimens found in the wild are (probably)
weedy escapees from cultivation [, “Dioscorea
pentaphylla” is native to South-East Asia. It is not

cultivated, grows naturally in the warmer, moist areas in Sri
Lanka.

Among the bioactive phytochemicals, polyphenols have
been extensively studied as the most abundant antioxidants
provided by the human diet Bl. Hence this study was
conducted to analyse the antioxidant capacity and total
phenolic content in each yam flour varieties. Initially for the
raw yams methanol extract, the determination of total
phenolic content and antioxidant capacity determination by
DPPH radical scavenging assay method were
done.Functional ~ properties are the  fundamental
physicochemical properties that reflect the complex
interaction between the composition, structure, molecular
conformation and physico-chemical properties of food
components together with the nature of environment in
which these are associated and measured 6. Functional
characteristics are required to evaluate and possibly help to
predict how new proteins, fat, fibre and carbohydrates may
behave in specific systems as well as demonstrate whether
or not such protein can be used to stimulate or replace
conventional protein [, Specific objective of this study
involved the collection of data on the water holding capacity
and oil holding capacity of five underutilized yam flour
varieties.

2.1 Materials and methods

2.1. Sample Collection

Fully mature, undamaged raw yams were selected and
collected from Agricultural Research Station, Department of
Agriculture, Thelijjawila, Sri Lanka. Random sampling
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method was used in collecting yam samples. Collected
samples were immediately transported carefully to the
laboratory of the Department of Food Science and
Technology, University of Sri Jayewardenepura, Sri Lanka.
At the laboratory, the samples were stored in refrigerated
condition (Temperature 4°C to 0°C) until taken to analysis
& sample preparations (Maximum duration was one week).

2.2. Preparation of Flour Samples

Yams stored in refrigerator were taken out and washed,
hand peeled, and trimmed to remove defective parts. Then
the tubers were cut into thin pieces and dried in an air
convention oven at 60 °C for 24 h. The dried pieces were
powdered using a laboratory scale grinder and sifted
through a 300 um sieve. The flour samples were sealed and
packed in separate airtight containers for further analysis.

2.3. Determination of Flour Properties

Microscopic view of each granules were examined under
(10x40) microscopic image projection (Scanner and camera
- Magnus-7M0215 & light microscope - MC30 made in
Australia). Also L*, a*, b* colour values of each flour was
measured by using a chromameter (Lovibond® LC100).
Colour values were taken as triplicates on different areas of
the thallus and the spreaded powder.

The proximate analysis was carried out to determine the

3. Results and Discussion

moisture content (AOAC 925.10), crude protein content
(AOAC 990.03), total fat content (AOAC 922.06),
carbohydrate content [, and total ash content (AOAC
925.25) of the flour samples. The fiber content was
calculated by the difference of the entire proximate
parameters. (Fiber content = 100 — (moisture% + ash% +
protein% + fat% + carbohydrate %)). The results were
expressed in dry weight (DW) basis and all measurements
were performed in triplicates. The determination of mineral
(Potassium, Calcium, Iron, Zinc, Magnesium, Copper)
content was carried out according to AOAC 975.03 method
from dry ashing followed by atomic absorption
spectroscopy method.

The total antioxidant capacity was determined using DPPH
[1, 1-diphenyl-2-picrylhydrazyl] radical-scavenging activity,
the procedure followed the method described by . The
total phenolic content of the yam flour samples were
measured using Folin-Ciocalteu reagent assay according to
the method described by 1% with some modifications. For
the antioxidant capacity and total phenolic content
determination of each five yam flour varieties, methanol
extract was used according to [,

The physicochemical properties; water holding capacity and
oil holding capacity of each yam flours were measured in
triplicates by the modified methods described by ' and [*?
respectively.

Table 1: The granule morphology of “Dioscorea alata”, “Amorphophallus campanulatus”’, “Canna indica” and “Dioscorea pentaphylla”
flour varieties

Dioscorea alata

Amorphophallus campanulatus

There are various environmental factors affecting the
granule morphology has been observed. The granules in the
storage root were larger than in the fibrous root. According
to the microscopic view obtained from microscopic image
projection, all the five varieties of yam flour samples have

Canna indica-green

Dioscorea pentaphylla

Canna indica -red

oval shape granules (figure 01). The growth temperature is
also a main factor to affect the granule size and shape.
Mainly round, oval and truncated shapes of the granules
were in native yams 4],

Table 2: Colour values of “Dioscorea alata”, “Amorphophallus campanulatus”, “Canna indica”, and “Dioscorea pentaphylla” flour

varieties
Flour Variety L* ax b*
Dioscorea alata 66.97 + 3.01° 5.07 +1.342 593+1.67¢
Amorphophallus campanulatus 53.63 + 0.85° 6.07+1.962 | 15.70+1.18%
Dioscorea pentaphylla 52.00 + 0.67¢ 450+1.08% | 10.80 + 3.76™
Canna indica — green 61.27 + 1.10° 6.47+0.81% | 22.03+3.72?
Canna indica — red 65.20 £0.17% | 8.27+2.022 | 19.37+1.742

Values are means of at least triplicate determinations while errors are computed as standard
errors. a,b,c,d,values in the same raw with different superscript indicates significant

differences (P < 0.05)

Table 2 above represents the average chromameter colour

valurs for each yam flour varieties. Flour color often affects

the color of the finished product and is therefore one of

many flour specifications required by end-users. Lightness
of flour samples were higher due to L* values of all flours
were above 50. According to the analysis of variance of a*
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values, p value is higher than 0.05. So there was no
significance difference of a* value in each five variety of
flour samples. Also b*values are higher than a* values of

each five flour samples, proved that yellow colour was more
prominent when compared to red colour.

Table 3: proximate composition of “Dioscorea alata”, “Amorphophallus campanulatus”, “Canna indica” and “Dioscorea pentaphylla”
flour varieties

Parameters |Canna indica -green|Canna indica - redDioscorea pentaphyllaAmorphophallus campanulatusDioscorea alata
Moisture % 6.62 + 0.10° 6.41 +0.04¢ 6.49 + 0.28° 7.00 + 0.05° 7.75 + 0.092
Protein % 4.00 + 0.09° 3.97+0.11° 4.20+£0.19° 5.70+0.112 4.28 £0.13°
Fat % 0.84 +0.02° 0.85 + 0.03" 0.36 + 0.02¢ 0.56 + 0.04° 1.09 £0.012
Ash % 2.52 +0.18° 1.68 + 0.059 3.34 £ 0.14° 4.711 £ 0.36% 2.97 +0.18%
Carbohydrate%|  84.23 + 0.80° 85.28 +0.96° 80.41 + 0.99% 79.27 +£0.90° 82.01 £ 0.04°
Fiber% 1.80 +0.83° 1.81+£0.95° 5.20+1.082 2.75+1.16% 1.90 +0.29°
K 134.4 + 40.0° 118.1 +£29.5" 191.6 +63.1° 1262.0 + 2222 1102.3 £ 86.2°
Mg 35.73 £ 3.73% 4430 £7.372 19.76 + 0.98 45.08 + 13.544 10.67 £0.44°
Ca 2.46 * 0.56% 0.98 + 0.13bc 1.39 + 0.46 3.61+1.4052 0.13+0.11°
Zn 0.61 + 0.10%° 1.66 £0.142 0.44 £ 0.02° 1.19 + 0.40% 0.50+0.37°¢
Cu 0.14 + 0.032 0.14 +0.04° 0.08 +0.022 0.07 £ 0.022 0.09 +0.082
Fe 0.67 +0.06° 0.51 +0.14%® 0.39 + 0.05% 0.51+£0.11® 0.14+£0.08¢

a,b,c,d, values in the same raw with different superscript indicates significant differences (P < 0.05)

The moisture content of “Dioscorea alata” was the highest
(7.75 £ 0.09%) and the lowest was recorded in “Canna
indica -red” (6.41 + 0.04%). The moisture contents of all
flour varieties were within the acceptable limit of not more
than 10% for long term storage of flour (14). The moisture
content of “Dioscorea alata” (D. alata L.) obtained in this
experiment (7.75 £ 0.09%) was less than the recorded
moisture content of the same species in previous studies
(9.97 £ 0.15%) 19

All four varieties were low in fat content and the highest
was recorded in “Dioscorea alata” (1.09 + 0.01%) whereas
the lowest was recorded in “Dioscorea pentaphylla” (0.36 +
0.02%). According to ANOVA tukey pairwise comparison
test all yam flour varieties except “Canna indica-green” &
“Canna indica-red” showed significant differences between
one another at 0.05 significance level. The observed average
value for fat content of “Dioscorea alata” flour was 1.09 +
0.01%. This value was similar to the value reported 1.53+0.
31% in 18l The fat content of Amorphophallus
campanulatus obtained in this experiment (0.56 = 0.04%)
was less than the recorded fat content of the same species in
previous studies (1.414 + 0.79 %) [*7],

The crude protein content of “Dioscorea alata”, “Dioscorea
pentaphylla”and “Canna indica-green” were 4.28 + 0.13%,
4.20 £ 0.19 % and 4.00 + 0.09% respectively. The highest
protein content was recorded in “Amorphophallus
campanulatus” (5.70 + 0.11%), but this value was less than
the protein content recorded by [*8. According to the One
Way ANOVA Tukey pairwise comparison test, all
“Amorphophallus campanulatus” pairs showed significant
differences between another yam flour varieties at 0.05
significance level. The protein content of “Dioscorea alata”
obtained in this experiment (4.28 + 0.13%) was less than the
recorded protein content of the same species in previous
study 191, Protein is essential in the human diet for growth.
Protein content of the D. alata varieties ranged between
4.3% for TDa 01/00002 and 8.7% for TDa 85/00250 with a
mean of 6.0% [2°],

Ash content represents all the inorganic minerals consist
within the sample. The decreasing order of ash content were
found to be “Amorphophallus campanulatus” >“Dioscorea
pentaphylla” >“Dioscorea alata” >“Canna indica - green”
>“Canna indica -red”. The highest ash content was recorded

in “Amorphophallus campanulatus” (4.711 £ 0.36%) and
the lowest was recorded in “Canna indica -red” (1.68 +
0.05%). The ash content was recorded in “Amorphophallus
campanulatus” (4.711 £+ 0.36%) was similar to the recorded
ash content of the same variety in previous studies (4.83 £
0.54%) [, The ash content of Canna indica L. was
recorded as 2.85 £ 0.07% in (14). Ash content is a reflection
of mineral status, even though contamination can indicate a
high concentration in a sample. Value range of ash content
of “Dioscorea alata” was recorded between 2.9 and 4.1%
with a mean of 3.5% [° was higher than the recorded ash
content (2.97 + 0.18%) in this study.

All five yam flour varieties were high in carbohydrate
content and highest was recorded in “Canna indica -red”
(85.28 + 0.96 %) whereas the lowest was recorded in
“Amorphophallus campanulatus” (7927 + 0.90%).
According to ANOVA tukey pairwise comparison test, yam
flour varieties of “Canna indica - green” & “Canna indica -
red” have not shown a significant differences between them
at 0.05 significance level. The observed average value for
carbohydrate content of “Dioscorea alata” flour was 82.01
+ 0.04 %. This value was similar to the value reported 83.61
+ 1.20% in previous studies [*°1. The Carbohydrate content
of “Amorphophallus campanulatus” obtained in this
experiment (79.27 = 0.90%) was higher than the recorded
carbohydrate content of the same species in previous studies
(70.75%) 191,

The observed fiber content in “Dioscorea pentaphylla”
(5.20 £ 1.08 %) was much higher than the reported value of
other yam flour varieties. The observed average value for
fiber content of “Dioscorea alata” flour was 1.90 + 0.29%.
This value was higher to the value reported 1.62 + 0.39% in
previous studies [*®1. The fiber content of “Amorphophallus
campanulatus” obtained in this experiment (2.75 + 1.16%)
was less than the recorded fiber content of the same species
in previous studies (14.32%) [8],

The most significant macro-elements present in the yam
flour varieties were K, Na, Mg and Ca. K was the most
predominat element found in each yam flour varieties. The
highest K content was recorded in “Amorphophallus
campanulatus” range between 1040 and 1484 (mg per 100 g
of dried flour sample). So it can be concluded that, K
content of “Amorphophallus campanulatus” was varied to
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some extent. The K content was recorded in
“Amorphophallus campanulatus” was similar to the
recorded K content of the same variety in previous studies
(1208 £ 5.66) (17). Magnesium is known to be an important
mineral for cardiovascular function and its external
administration could prevent its intracellular depletion.
Magnesium content in the five yams ranged between 19.76
* 0.98 for “Dioscorea pentaphylla” and 45.08 + 13.54 for
“Amorphophallus campanulatus” differing significantly
between each two varieties at 0.05 significance level. The
highest Fe content was recorded in “Canna indica — green”
and the lowest was recorded in “Dioscorea alata”. Cu

content of each five varieties do not have a significantly
different between others at 0.05 significance level. The
highest Cu content was recorded in both “Canna indica —
green” and “Canna indica -red” and the lowest was
recorded in “Amorphophallus campanulatus”, 0.14 £ 0.03,
0.14 + 0.04 and 0.07 + 0.02 respectively. The quantitative
ranges for the various nutrient components in yams may
vary due to season, location and analytical methods,
however, basic information on chemical and mineral content
is of great interest particularly for varieties traditionally
used in some communities.
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Fig 1: % Radical scavenging activity Vs Concentration of yam flour sample

Yams contain some amounts of other useful antioxidants
such as vitamin C and carotenoids which exerts useful
physiological effects. The antioxidant activity is system
dependent. Moreover, it depends on the method adopted as
well as on the oxidation processes 4. In antioxidant
screening of “Canna indica -red”, by using DPPH Radical

Table 4: Total phenolic content of “Dioscorea alata”, “Amorphophallus campanulatus”,

scavenging activity, showed highest value in methanolic
extract. “Dioscorea pentaphylla” samples showed the
lowest radical scavenging activity. Methanalic extract
showed decrease of absorbance with the increment of
concentration of the sample.

» e

Canna indica” and “Dioscorea pentaphylla”

expressed in mg GAE/g

Total phenolic content (mg GAE/g

Dioscorea alata | Amorphophallus campanulatus

Dioscorea pentaphylla | Canna indica-green | Canna indica -red

13.47 £ 0.76¢ 30.77 £ 0.97°

6.47 £ 0.01°

42.50 +0.982 16.86 + 0.76°

Mean + SD (n=3) Different superscripts (a, b, ¢, d, e) in the same row are significantly different at p < 0.05.

The above table 4 indicates the values obtained of TPC for
each five yam flour varieties. There was a significant
difference among the Total Phenolic Content of different
yam flour varieties at 0.05 significance level. The ascending
order of TPC was recorded as “Dioscorea pentaphylla”,

o«

“Dioscorea alata”, “Canna indica -red”’, “Amorphophallus

campanulatus”, “Canna indica - green” when considering
the five species. The highest TPC of 42.50 + 0.98 mg Gallic
acid equivalent per g was recorded in “Canna indica -green”
and the lowest was recorded as 6.47 + 0.01 mg Gallic acid
equivalent per g in “Dioscorea pentaphylla”.

Table 5: WHC and OHC of “Dioscorea alata”, “Amorphophallus campanulatus”, “Canna indica” and “Dioscorea pentaphylla” flour
varieties.

Parameters|“Canna indica - green”“ Canna indica-green’“Dioscorea pentaphylla”“Amorphophallus campanulatus”“Dioscorea alata’

WHC 181.41+ 2.80° 179.99 + 3.45°

102.28 + 2.66¢

243.08 + 2.56° 115.47 £ 1.97°

OHC 69.97 + 0.54° 70.89 + 3.58%

54.12 + 2.33°

77.04 +2.952 64.73 +£1.11°

a,b,c,d, values in the same row with different superscript indicates significant differences (P < 0.05)

The water holding capacities of the yam flour varieties are
shown in the Table 5, the highest water holding capacity
were recorded in “Amorphophallus campanulatus” and the
lowest was recorded in “Dioscorea pentaphylla”. There was
a significant difference between the each varieties of yam

flour samples except “Canna indica green & red” according
to Tukey pairwise comparison test at 0.05 significance level.
The oil holding capacity (OHC) of flour is equally important
as it improves the mouth feel and retains the flavor %2, The
decreasing order of oil holding capacity were found to be
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“Amorphophallus campanulatus” >“Canna indica -red”
>“Canna indica - green” > “Dioscorea alata” > “Dioscorea
pentaphylla”. The oil binding capacity was less in
“Dioscorea pentaphylla” when compared to other varieties.
Also the oil binding capacity was lower than the water
binding capacity in every samples. It might be due to the
hydrophilic properties of each flour samples were higher.
There was a significant difference between some yam flour
samples according to Tukey pairwise comparison test at
0.05 significance level.

4. Conclusion

The proximate composition, functional properties and
phytochemical composition of five selected underutilized
yam flour varieties in Sri Lanka were similar to those
reported values of most of those yams grown in many parts
of the world. Yam flour is a good source of carbohydrates,
protein, and minerals. In addition, it has good functional
characteristics and can improve the nutritional quality of
value-added products.
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