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Abstract

The effects of sun drying and oven drying on the mineral and antinutrient composition of the leaves of
Pterocarpus santalinoides (Nturukpa) and Cnidoscolus chayamansa (Obarayim) were determined. Samples were
collected from Ideato South and Owerri North Local Government Areas of Imo State, Nigeria. The samples were
subjected to sun drying, oven drying at 70°C and oven drying at 100°C. Standard methods of plant analyses were
used and results obtained were subjected to statistical analyses using the Statistical Package for Social Sciences
(SPSS). The antinutrient contents (alkaloids, tannins, trypsin inhibitors and cyanogenic glycosides) were
significantly (p<0.05) decreased with the exception of Saponins which increased significantly (p<0.05) with
increasing temperatures but highest in sun dried samples of both vegetables when compared to the fresh. On the
other hand, Mineral contents (Sodium, Potassium, Magnesium, Iron, Calcium and Phosphorus) were
significantly increased (p<0.05) with the exception of lodine which showed significant (p<<0.05) decrease while
drying proceeded. Oven drying the leaves of P. santalinodes and C. chayamansa may be preferred since it is
faster, more hygienic, and better preserves the nutrients.
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1. Introduction

Vegetables are those plants whose parts especially the leaves are eaten as food and may be aromatic, bitter or
tasteless (Mensah et al., 2008). Leafy vegetables are important sources of nutrients in diets in most Nigerian
homes. They contain in reasonable amounts; minerals, vitamins and other nutrients that are usually found in
trace amounts in our daily diets (Mosha and Gaga, 1999). Leafy vegetables have been reported to contribute
significantly to human wellbeing and to the daily dietary requirements of calcium (Ca) and iron (Fe) in children
between the ages of 2 and 5 years (Faber et al., 2007). They are also known to serve many medicinal functions
as they contain some important antinutrients that are used in the treatment of diseases (Ahmed, 2007).

Antinutrients such as alkaloids, flavonoids, phenolic compounds, steroids and other secondary metabolites
are constituents of leafy vegetables that are useful as bioactive substances in treatment of diseases (Bishnu et al.,
2009). Minerals are mainly required for osmoregulation and to activate enzymes (Aslam et al., 2005). The
human body does not synthesize minerals, but obtains minerals from diets (Anjorin, et al., 2010).

Pterocarpus santalinoides (Nturukpa) and Cnidoscolus chayamansa (Obarayim) are essential items in the
diets in most parts of the Southeast, Nigeria. P. santalinoides is a specie of Pterocarpus in the family
papilionoidea and grows to about 9-12 meters tall with a trunk diameter of about 1 meter and pinnates leaves of
10-20cm long (Keay, 1989). C. chayamansa commonly known as Chaya (Obarayim), is an attractive shrub
which grows up to 3 to 5 meters tall with broad leaves consisting of 3 or more lobes and fleshy petioles (Breckon,
1979).

Vegetables are perishable products as they have high moisture contents (Idowu, 2008). Therefore, it is
important to perform appropriate preservation and storage methods to increase the shelf-life for future
consumption (Bukola et al., 2011). An advantage of drying vegetables is that, they can be easily converted into
the fresh-like forms by rehydrating them and dried vegetables can be available throughout the year through
adequate storage (Patricia et al., 2015).

The aim of this study was to comparatively evaluate the effects of drying methods on the antinutrient and
mineral contents of P. santalinoides and C. chayamansa leafy vegetables from Imo State, Nigeria.

25



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) JJ—.iTl
Vol.11, No.24, 2021 Ils E

Fig. 1: P. santalinoides (Nturukpa) Fig. 2: C. chayamansa (Obarayim)
leaves. leaves.

2. Materials and Methods

2.1 Sample collection and Processing;

The P. santalinoides and the C. chayamansa leafy vegetables were obtained from Ideato South and Owerri North
Local Government Areas of Imo State respectively. The vegetables were identified by a Botanist of the
department of Forestry and Wildlife Technology, School of Agriculture and Agricultural Technology, Federal
University of Technology, Owerri. The leafy vegetables were divided into four (4) equal parts each, according to
the conditions of preparation (fresh, sun dried, oven dried at 70°C and oven dried at 100°C). Sun dried samples
were exposed to sunlight for 5 days. The fresh leaves were washed, blended and stored in a refrigerator prior to
analyses. The dried leaves (sun dried, oven dried at 70°C and oven dried at 100°C) were ground into powder
using a grinding machine. The ground portion was kept in a sterile plastic bottle and stored in a cool and dry
place prior to analyses.

2.2 Determination of Antinutritional Contents;

The Oxalate and Trypsin inhibitor contents were determined by the permanganate titrimetric and colorimetric
methods described by Onwuka (2005). Terpenes and alkaloids were determined using the gravimetric method of
extraction and double solvent extraction gravimetric methods respectively (Harborne, 1973). Saponin was
determined by the method of vanillin-sulphuric acid colorimetric reaction by Makkar et al. (2007) as modified
by Olanrewaju et al. (2017). Phytic acid content was determined by the method described by Davis and Reld and
modified by Abulude (2007). The modified alkaline picrate colorimetric method by Balagopalam ef al. (1988)
was used to determine the cyanogenic glycoside and Folin-Dennis spectrophotometric method (Kirk and Sawyer,
1998) was used in the determination of tannin contents.

2.3 Determination of Mineral Contents;

Calcium (Ca), Iron (Fe), Phosphorus (P), Manganese (Mn) and Magnesium (Mg) contents were determined by
atomic absorption spectrometric (AAS) method of Adamu et al. (2013). Iodine (I) was determined by
thiosulphate titrimetric method described by Kirk and Sawyer (1991). Also, Sodium (Na) and Potassium (K)
were determined using the flame photometric method as described by Kirk and Sawyer (1998).

2.4 Statistical Analyses;

The results obtained were statistically analysed using one-way Analyses of Variance (ANOVA). The
homogenous subset values were measured at 5% level of significance with the aid of Statistical Package for
Social Sciences (SPSS) version 21.
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3. Results and Discussion
Table 1: The ANOVA Result of antinutrient contents in fresh and dried P. santalinoides and C. chayamansa
Vegetables.

Sample Alkaloids | Saponins | Tannins | Oxalates | Phytic Terpenes | Trypsin Cyanogenic
(%) (%) (%) (%) acid (%) | (%) inhibitor glycoside
(Tui/g) (mg/100g)
Fresh 5.10£0.02¢  1.174£0.01°  2.72£0.00°  0.16£0.01¢ 0.21£0.01°  0.09£0.02* 306.67+23.09°¢  3.16+0.02¢
_§ Sundried | 4.72+£0.02%¢  5.58+0.018 2.11£0.00°  0.16£0.01¢ 0.05£0.00*  0.11£0.01* 233.33£11.55¢  3.03+0.04°
3 Oven 4.60£0.04%  4.39£0.20°  1.32+£0.00° 0.09£0.01> 0.03£0.00*  0.11x0.01* 206.67+11.55¢  2.840.04°
= | (70C) 4.39£0.18°  4.60£0.10" 0.72£0.00°  0.07+£0.01* 0.02+0.00*  0.15+0.01° 106.67+23.09°  0.96+0.02°
§ Oven
& | (1000)
Fresh 520£0.21°  0.66+0.06* 3.84£0.00" 0.23£0.01°  0.15£0.12% 0.22+0.02° 233.33x11.55¢ 6.30+£0.02"
3 Sundried | 4.97£0.58%  581+0.10" 2.85+0.015 0.13£0.01° 0.08£0.00° 0.23£0.02° 173.33£23.09°  5.92+0.02¢
S | Oven 2.80£0.06*  3.86£0.01¢ 1.27+0.00° 0.06+0.01° 0.04£0.00*°  0.27+0.01¢  106.67+23.09° 5.65+0.05
§ (70°C) 2.70£0.04*  3.12£0.12°  1.26+0.01° 0.14£0.06° 0.04£0.00°  0.29£0.03¢ 53.33+11.55*  4.3420.04¢
% Oven
o | (100C)

o Values show Mean =+ Standard deviation of triplicate analyses.

o Values with same superscript in the same column show no significant difference (p >0.05).

Table 1 shows the antinutrient contents of the fresh and dried vegetables. In the fresh state, there were
differences in the levels of antinutrient contents of the two leafy vegetables. Oxalate was found more (0.23% =+
0.01) in the fresh C. chayamansa leaves than the P. santalinoides which contained 0.16% + 0.01. Terpenes were
also higher (0.22% + 0.02) in the C. chayamansa than in P. santalinoides (0.09% =+ 0.02), while phytate was
higher (0.21% = 0.01) in P. santalinoides than in C. chayamansa (0.15% + 0.12). In the same way, tannins,
cyanogenic glycosides (HCN) and alkaloids were higher in C. chayamansa while trypsin inhibitor and saponins
were higher in P. santalinoides. In the dried form, there were variations in the concentrations of the antinutrients
in the vegetables. Sun dried leaves of P. santalinoides had reduced alkaloids from 5.10% to 4.72% giving a
percentage decrease of 7.45% while the corresponding decrease in sun dried leaves of C. chayamansa was from
5.20% to 4.97%. More of the alkaloids was lost by oven drying at 70°C and 100°C. At 70°C drying, the decrease
in alkaloids was from 5.10% to 4.60% in P. santalinoides and from 5.20% to 2.80% in C. chayamansa. At 100°C
drying, the alkaloid content decrease in P. santalinodes and C. chayamansa leaves when compared to the fresh
were from 5.1% to 4.39% and from 5.20% to 2.70% respectively. This result shows that, oven drying led to more
reduction in alkaloid contents on one hand. While alkaloid reduction was higher in C. chayamansa than in P.
santalinoides under the same drying conditions. Alkaloids are toxic and can cause health problems if ingested at
high concentrations, but they are useful in medicine in that they have strong analgesic properties (Harborne,
1988). Alkaloids are also known to interfere with the regulation of acetylcholine in the body and hence,
impairing nerve impulses leading to vomiting, diarrhea and bronchospasm (Cantwell, 1996). Saponins were
increased in both leaves following drying under the sun and in the oven. The increase in sun dried leaves was
from 1.17% to 5.58% in P. santalinoides and from 0.66% to 5.81% in C. chayamansa. This high level increase
was attributed to the high reduction in moisture content which amounted to high concentration of the
antinutrients in the leaves. But that reduced considerably in the oven dried leaves. At 100°C drying, the increase
in saponin content relative to the fresh leaves was from 1.17% to 4.60% and from 0.66% to 3.12% in P.
santalinoides and C. chayamansa respectively. The reduction in the level of saponins increase might be due to
heat effect on the antinutrient at the higher temperature. Similar trend was observed in the terpene content of the
two vegetables. Tannin was higher in fresh C. chayamansa (3.84% =+ 0.00) than in fresh P. santalinoides (2.72%
+ 0.00) but reduced to 2.11% and 2.85% in sun dried P. santalinoides and C. chayamansa respectively. When
dried in the oven at 70°C, the reduction was from 2.72% to 1.32% in P. santalinoides and from 3.84% to 1.27%
in C. chayamansa. The decrease at 100°C drying was from 2.72% to 0.72% and from 3.84% to 1.26% in both
vegetables respectively. This result also shows that, more tannins were reduced by oven drying than sun drying
and this is desirable in foods because tannin interferes with protein in diets by coagulating it (Okwu and Ndu,
2006). From the results, the same trend was observed in other antinutrients in the leaves which have antinutrient
activities including phytates, oxalate, trypsin inhibitor and cyanogenic glycosides (HCN). Also, there were
differences in the antinutrient contents of the vegetables due to the different drying conditions. There were more
reductions in the antinutrient contents of the vegetables dried in the oven than the sun dried vegetables. The level
of reduction increased with increasing temperatures in the oven. Antinutrients are reduced when foods are dried,
which may boost the bioavailability of micronutrients like calcium and magnesium in the body. Heat is known to
eliminate natural antinutrients in foodstuffs (Matazu and Haroun, 2004).
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Table 2: The ANOVA Result of Mineral contents in fresh and dried P. santalinoides and C. chayamansa
Vegetables.

Sample Sodium Potassium Magnesium | Iron Todine Calcium Phosphorus | Manganese

(mg/100g) | (mg/100g) (mg/100g) | (mg/100g) | (mg/100g) | (mg/100g) | (mg/100g) (mg/100g)

Fresh 6.57£0.06°  87.3+0.52° 3.51£0.07*  0.1£0.02*  0.29£0.02°  12.67+0.23*  89.6+2.77* 0.01+0.00*

11.19£0.09°  285.674#2.91°  19.8+0.28°  0.37+0.00® 0.25+0.01¢  72.47+0.41° 316.6+1.51°  0.03+0.00°

Sun 1245£0.62¢  314.4743.00"  27.63+1.06°  0.91£0.04* 0.14+0.02°  80.97+1.07¢ 385.67+1.44°  0.03£0.00°

3 dried 14.15£0.49° 3410742502 31.9540.97°  1.47+0.04°  0.11£0.01®  89.0+42.25  421.1£0.86¢  0.04+0.00¢
'S | Oven
S | (00)
S | Oven
81 (100C)

Fresh 8.61£030°  67.240.69° 5.06£0.08°  1.39£0.03°  0.22+0.03¢  15.53+0.42* 92.77£1.27*  0.01%0.00°

23.1220.07°  199.0743.19°  27.91£0.03¢  5.98+0.74¢  0.18+0.03°  67.43£531° 329.47+2.65°  0.03+0.00°

Sun 31.69+0.618  252.27+4.73¢  35.18+0.18"  9.61£0.39°  0.11£0.01  86.0+2.75°  379.6£7.48¢  0.04+0.00¢

S dried 40.67£0.28"  285.844.52°  37.11x1.67¢  12.3£0.28"  0.09+0.01°  92.33+3.46" 395.17+4.47"  0.04+0.00¢
s Oveﬁn
2| (0 C)
S | Oven
S| (100C)

o Values show Mean + Standard deviation of triplicate analyses.

o Values with same superscript in the same column show no significant difference (p >0.05).

The results of the Mineral content analyses of the fresh and dried vegetables are shown in table 2. The
results show variations in the mineral contents of the vegetables prior to drying and under the different drying
methods. Sodium content was higher in C. chayamansa (8.61 mg/100g) than in P. santalinoides (6.57 mg/100g)
while Potassium was higher in P. santalinoides (87.30 mg/100g) than in C. chayamansa (67.20 mg/100g).
Similarly, Magnesium (5.06 mg/100g), Iron (1.39 mg/100g), Calcium (15.53 mg/100g) and Phosphorus (92.77
mg/100g) were higher in C. chayamansa than in P. santalinoides which had 3.51 mg/100g, 0.10 mg/100g, 12.67
mg/100g and 89.60 mg/100g of the same elements respectively. Drying under the sun had significant increases
in the mineral contents of the vegetables. Sodium content increased (6.57 — 11.19) in P. santalinoides and (8.61
—23.12) under the same condition in C. chayamansa. In P. santalinoides, increases were recorded in Potassium
(87.30 — 285.67), Magnesium (3.51 — 19.80), Iron (0.10 — 0.37), Calcium (12.67 — 72.47), Phosphorus (89.6 —
316.60) and Manganese (0.01 — 0.03). Similar increases were recorded in the mineral contents of C. chayamansa
sun dried leaves including Potassium (67.20 — 199.07), Magnesium (5.06 — 27.91), Iron (1.39 — 5.98), Calcium
(15.53 — 67.43), Phosphorus (92.77 — 329.47) and Manganese (0.01 — 0.03). Higher levels of increments were
recorded in the mineral contents of the vegetables following oven drying at 70°C and oven drying at 100°C.
However, under all the drying conditions, Iodine reduced significantly. The reduction in Iodine content was
attributed to the nature of the element which is known to be heat sensitive. Iodine sublimes under normal
temperature and pressure and that perhaps explains its ready loss during drying under all three (3) conditions. In
general, drying the leafy vegetables reduced the Iodine content significantly but caused significant increases in
the mineral content of the leaves. The increase may be attributed to increase in nutrient density in the leaves as a
result of moisture loss. However, the greater potassium and reduced sodium ratio has a preventive effect against
excessive sodium consumption. The dried samples' high potassium content may provide a therapeutic advantage
over fresh samples (Dzomeku et al., 2006). Calcium is a well-known element in the maintenance of strong bone
(for the prevention of osteoporosis), muscle contraction and relaxation, as well as blood clotting and vitamin B,
absorption (Otitoju ef al., 2014). Iron is a trace element important in many biochemical reactions in the body
such as Oxygen binding in haemoglobin and as catalytic centre in most enzymes of Cytochrome systems
(Geissler and Powers, 2005). Meanwhile, Magnesium is a mineral which functions in the prevention of bleeding
disorders, muscle degeneration and Cardiomyopathy (Chaturvedi et al., 2004). Generally, according to
Grosvernor and Smolin (2002), minerals in food are essential for a myriad of metabolic processes.

4. Conclusion

The loss of water molecules during drying may account for the observed increases and decreases in antinutrient
and mineral components of dried samples of the two leafy vegetables investigated. According to the current
findings, the leaves of P. santalinoides and C. chayamansa contain valuable minerals in both fresh and dried
forms, with some antinutrients and iodine being reduced during drying. Because it is faster, more hygienic, and
has greater mineral preservation potential, oven drying may be the preferred method of drying and preserving the
leaves of P. santalinoides and C. chayamansa. Therefore, drying generally, may ensure the availability of P.
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santalinoides and C. chayamansa vegetables in good form all year round.
Conflict of Interests: Authors have declared that no conflict of interests exists in the work.
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