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Abstract: One of the common traditional methods of improving the palatability and acceptability of Heinsia crinita leaves
involves pre-culinary infusion of the cut leaves in already boiled water for period ranging from 5-20min or longer. In this
study, the harvested leaves (dark variety) were washed in potable water, spread under shade to air dry, cut (2mm width) and
shared into four equal portions of 1kg each. Portions 2, 3 and 4 were separately infused in hot water (1:3w/v) and maintained at
95°C for 5, 10 and 15 min, drained and cooled while the first portion was not treated with hot water (control). Each portion was
oven dried (50°C) for 36h, cooled, and packaged. The effect of the treatments on the minerals, vitamins and health benefiting
phytochemicals were investigated. The untreated dried leaves had higher K, Ca, Na, Mg, Fe, Zn, ascorbic acid, beta-carotene,
riboflavin, thiamine, alkaloids, flavonoids, saponins and tannins than the dried leaves from hot water infusion. Percentage
losses of minerals, vitamins and health promoting phytochemicals to the infusion water that was discarded increased with
increase in infusion time. Percentage losses of K, Ca, Na, Mg, Fe and Zn ranged from 11.01, 7.77, 16.72, 15.51, 9.55 and
8.50% for 5 min infused leaves to 34.34, 18.73, 45.07, 41.76, 24.85 and 29.92% for 15 min infused leaves, respectively.
Similarly, percentage losses of ascorbic acid, beta-carotene, riboflavin and thiamine ranged from 38.43, 15.69, 17.39 and
38.78% for 5 min infused leaves to 70.60, 35.29, 57.97 and 68.38% for 15 min infused leaves, respectively. Losses of
alkaloids, flavonoids, saponins and tannins ranged from 20.92, 39.39, 4.65 and 16.67% for 5 min infused leaves to 62.24,
69.70, 10.08 and 47.22% for 15 min infused leaves. The study demonstrated that for the consumers of H. crinita leaves to
derive substantial nutritional and health benefits from the consumption of the leaf, it should be subjected to 5 min hot water
infusion period prior to use for culinary preparation.
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communities. Furthermore, researchers have come up with
the fact that some plant chemicals which were hitherto
regarded as anti-nutrients have potentials of helping to
reduce the risk of several deadly diseases in man [6, 8, 9].

1. Introduction

In today’s traditional societies, nutrition and health care

are interconnected and many vegetables are consumed as : ©
food in order to benefit health [1, 2]. According to Sloan [3], ~ Aletor and Adeogun [10] noted that some anti-nutritional
foods are deemed more desirable for treating or managing phytochemicals exhibit protective effect, thus, making them

chronic diseases than dietary supplements. Green leafy  © have dual purpose of reducing some essential nutrients
vegetables are valued mainly for their high mineral, vitamin ~ 2nd protecting the body against a number of biochemical,
and dietary fibre contents [4]. Some of them are equally ~ Physiological and metabolic disorders.

medicinal and are used in the therapy of some diseases, Bush apple (Heinsia crinita) is one of the green leafy
majority of which have been reported to contain vital ~ vegetables abundantly found in Akwa Ibom State, Niger
chemical compounds of medicinal importance [5, 6, 7]. They Delta region of Southern Nigeria. It grows wild in the forest

can therefore contribute to stemming the rising tide in non-  ©F selectively cultivated near the home [11]. It is a perennial
communicable chronic diseases prevalence in most rain forest shrub with woody stem and branches. It is called
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“atama” in Efik and Ibibio local dialect of Nigeria. It is
classified as white or dark based on the taste and leaf colour
by indigenes of Akwa Ibom State in Nigeria [7]. The two
varieties resemble each other morphologically. However, the
dark variety is greener and bitter than the white variety. Like
other leafy vegetables, the harvested leaf has short shelf life.
Consequently, most people trading on the leaf usually sun
dried it and sold as dried product. The leaves of both
varieties (fresh or dried) are used to prepare traditional soup
called “atama” soup which is cherished by most consumers
for its beautiful aroma and lasting sweet aftertaste in the
mouth long after consumption [12].

Nutritionally, Heinsia crinita leaf is a good source of
minerals and vitamins [11]. The crude protein and fibre
contents of 15.10% and 13.90%, respectively have been
reported for the leaf [13]. It has for several years been
exploited by traditional herbalists for the treatment of various
ailments, including typhoid fever, diarrhea and candidiasis
among other ailments [14]. Phytochemical screening of the
leaf revealed the present of alkaloids, flavonoids, saponins,
tannins, cardiac glycosides and terpenes among other
compounds [7, 15]. This shows that the leaf possesses
medicinal properties and could be used in the management of
some of the diet related chronic diseases. It has been reported
that the leaf extract showed significant (p<0.05)
antiplasmodial as well as hypoglycaemic and anti-diabetic
effects that can be employed in health care [7].

One unique characteristic of Heinsia crinita leaf is that it
has bitter taste that necessitates pre-culinary treatments to
enhance palatability and acceptability of soup prepared with
the leaf. Traditionally, the cut leaf is usually soaked in
already boiled water for varying period ranging from five to
twenty minutes or longer. Such treatment is capable of
adversely affecting the water soluble and heat sensitive
nutrients in the leaf as a result of leaching and thermal
destruction. Oladele and Aborisade [16] noted that
processing treatment given to leafy vegetables may lead to
loss of some of the characteristics which initially made them
consumer’s delight. The current study was aimed at assessing
the effect of varying the hot water infusion time on some
micronutrients and health protecting phytochemicals in
Heinsia crinita leaf.

2. Materials and Methods

2.1. Material Procurement and Processing

Twigs of Heinsia crinita (dark variety) were harvested
from a garden at Mbiabong in Uyo Local Government Area
of Akwa Ibom State, Nigeria. The leaves were destalked,
washed in potable water, spread under a shade to air dry, cut
(about 2mm width) and shared into four equal portions of
lkg each. The first portion which served as the control
sample was oven dried at 50°C in a conventional air oven
(model P.P. 22 US, Genlab, England) for 36h, cooled,
packaged, labeled and stored at 4°C for analysis. The second,
third and fourth portions were separately infused in hot water

(1:3 w/v) and maintained at 95°C for 5, 10 and 15 minutes,
respectively, using a digital temperature control water bath
(Grant Instruments, (Cambridge Ltd.), Herts SG8 6P2,
England). The infused water was drained off and discarded.
The infused leaf portions were immediately cooled
separately, oven dried at 50°C in a conventional air oven for
36h, cooled, packaged, labeled and stored at 4°C for various
determinations.

2.2. Methods of Analysis

The minerals (K. Ca, Na, Mg, Fe and Zn) were determined
using atomic absorption spectrophotometer (UNICAM,
Model 939, UK) as described in AOAC [17]. Ascorbic acid,
beta-carotene, riboflavin and thiamine were determined
using the methods described in AOAC [17]. Alkaloid and
flavonoid were determined using the method of Harborne
[18]. Saponin and tannins were determined by AOAC [17]
methods.

2.3. Statistical Analysis

Data obtained were subjected to One Way Analysis of
Variance (ANOVA) using SPSS version 18 statistical
package (SPSS, Inc., USA) to determine variation between
treatments. Means of data generated were separated using
Duncans Multiple Range Test (DMRT). Results were
expressed as means = SD (standard deviation) of triplicate
determinations. Significant variation was accepted at p<0.05.

3. Results and Discussion
3.1. Effect of Treatment on Minerals

Table 1. Effect of infusion time on the mineral contents in dried Heinsia
crinita leaf (mg/100g).

Infusion Time (min)

Mineral 5 10 15

K 395.26a+1.04 351.73b+0.64 313.08c£1.22 259.51d+0.90
(0.00) (11.01) (20.79) (34.34)

Ca 763.90a£1.12 704.58b+0.91 649.21¢c+0.00 620.84d+1.13
(0.00) (7.77) (15.00) (18.73)

Na 57.82a+0.92  48.15bx1.11 40.60c+£0.58  31.76d+0.64
(0.00) (16.72) (29.78) (45.07)

Mg 115.58a+0.13  97.65b+0.20  85.70c+0.18  67.32d+0.00
(0.00) (15.51) (25.85) (41.76)

Fe 18.59a+0.48 16.74a+0.52 15.06a+0.23 13.97b+0.16
(0.00) (9.55) (18.99) (24.85)

7n 6.35a+1.11 5.81b+0.80 5.14¢+0.64 4.45d+0.54
(0.00) (8.50) (19.53) (29.92)

Values are Means + SD (standard deviation) of triplicate determinations.
Means on the same row with different superscripts are significantly different
at p<0.05. Values in parenthesis indicate percentage mineral loss to the
infusion water.

Table 1 show that Heinsia crinita leaf is a good source of
mineral elements. The three most abundant minerals in the
untreated leaves were calcium (763.90mg/100g), potassium
(395.26mg/100g) and magnesium (115.58mg/100g), while
zinc content was the least in value (6.35mg/100g). The
physiological role of mineral elements in human diets has
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been documented [4, 23]. Calcium and magnesium for
instance are important in the formation of bones and teeth
[23]. Potassium has been shown to protect the body against
the side effect of high sodium concentration.

Infusion of the leaves in hot water with the aim of
reducing the bitterness and enhancing the palatability of the
leaves resulted in significant (p<0.05) reductions in K, Ca,
Na, Mg, Fe and Zn contents in the infused dried leaves. This
may be attributed to the leaching of these minerals into the
infusion water that was discarded. This result is in agreement
with the findings of other researchers [19-21] who reported
that various conventional food processing techniques such as
blanching and cooking caused significant reductions in
mineral contents of vegetables. Longer infusion times
increased losses of all the minerals to the infusion water.
Percentage reductions in K, Ca, Na, Mg, Fe and Zn ranged
from 11.01, 7.77, 16.72, 15.51, 9.55 and 8.50% for 5 minutes
infused and dried sample to 34.34, 18.73, 45.07, 41.76, 24.85
and 29.92% for 15 minutes infused and dried sample,
respectively. The generally lower levels of minerals in the
leaves with infusion times agrees with the reports by Musa
and Ogbadoyi [21] for Hibiscus sabdariffa leaves boiled for
5 and 10 minutes and Kawashima and Valente [22] for
Tetragonia expansa blanched for 1, 5 and 15 minutes.
Considering the importance of minerals in the human body
as the structural components and regulators of body
processes [23], the result suggests that minimal hot water
infusion time (5 min) should be adopted in reducing the
bitter taste in H. crinita leaf in order to reduce mineral
losses. The result indicated that the mineral losses that
occurred as a result of hot water infusion of the leaf
notwithstanding, the infused and dried leaves still contained
appreciable levels of minerals. It is anticipated that its
continuous consumption would alleviate symptoms
associated with these minerals deficiencies.

3.2. Effect of Treatment on Vitamins

Table 2. Effect of infusion time on the vitamin contents in dried Heinsia
crinita leaf (mg/100g).

Infusion Time (min)

Vitamin 0 5 10 15
Ascorbic 102.41a+0.16  63.05b+0.24  49.22¢+0.08  30.10d+0.12
acid (0.00) (38.43) (51.94) (70.60)
Beta- 1.53a+0.33 1.29b+0.11 1.07b+0.50 0.99b+0.24
carotene (0.00) (15.69) (30.07) (35.29)
Riboflavin 0.69a+0.22 0.57b+0.10 0.48b+0.00 0.29¢+0.13
(0.00) (17.39) (30.44) (57.97)
Thiamine 0.98a+0.41 0.60b+0.09 0.42¢+0.21 0.31d+0.56
(0.00) (38.78) (57.14) (68.38)

Values are Means + SD (standard deviation) of triplicate determinations.
Means on the same row with different superscripts are significantly different
at p<0.05. Values in parenthesis indicate percentage vitamin loss to the
infusion water.

The vitamin contents of the untreated dried H. crinita leaf
(control) and hot water infused and dried leaf samples are
presented in Table 2. The result shows that the untreated
dried leaves had significantly (p<0.05) higher contents of

ascorbic acid, beta-carotene, riboflavin and thiamine than the
samples that were infused before drying. Losses of these
vitamins increased with increase in infusion times. The
reductions of ascorbic acid, riboflavin and thiamine may be
attributed to leaching and thermal destruction of these
vitamins [24, 25].

Ascorbic acid exhibited the highest reduction as a result of
the treatment when compared with the other vitamins.
Longer infusion times increased losses of ascorbic acid to the
infusion water and the losses ranged from 38.43% for 5 min
infused and dried leaves to 70.60% for 15 min infused and
dried leaves. This result is in accordance with the verdict of
other authors [21, 26] that the amount of ascorbic loss
increases with cooking time. The high solubility of ascorbic
acid in water and the relative ease with which it is oxidized
make this vitamin particularly susceptible to processing
conditions [27]. Human body cannot produce ascorbic acid,
so it must be obtained entirely through ones diets. The
protective action of fruits and vegetables has been attributed
to the presence of anti-oxidants, especially anti-oxidant
vitamins including ascorbic acid and beta-carotene [28, 29].
Considering the pivotal roles of this water soluble vitamin in
human health, minimal infusion time (5 min) should be
employed for H. crinita leaf in order to minimize its loss.

Beta-carotene is not soluble in water, but in fat and most
organic solvents [24]. However, beta-carotene is known to be
prone to oxidative destruction in the presence of heat, light,
oxygen, enzymes and metallic ions [30]. The lower levels of
beta-carotene in the leaves that were infused and dried could
be attributed to the effect of hot water on the chloroplast and
oxidation destruction during drying. Carotenoids are present
in chloroplasts in the leaves of dark green vegetables [31].
Meyer [30] noted that when the cell is killed by blanching,
drying or chemical reagents, the chloroplasts disintegrate and
the carotene dissolves in the oil droplets. Thus, the loss of
carotene is rapid in products that been blanched and then
dehydrated [30]. Similar decreases in beta-carotene in
blanched and dried non-conventional leafy vegetables had
been reported [21, 32]. Infusion times had no significant
effect (p>0.05) on the beta-carotene content in the dried
leaves. This result is in agreement with the report by Musa
and Ogbadoyi [21] that longer blanching times (5 and 10
min) had no significant effect on beta-carotene content of
Hibiscus sabdariffa. Beta-carotene is considered as the most
important source of pro-vitamin A in carotenoid rich foods
[30]. Vitamin A is needed in the body for vision, growth and
differential of cells. As a strong anti-oxidant, beta-carotene
may protect cells from oxidation damage, a possible major
step in cancerogenesis [33].

Hot water infused and dried leaves had significantly
((p<0.05) lower riboflavin and thiamine contents than the
untreated dried leaves. This could be attributed to possible
leaching and thermal destruction of these vitamins [24, 25].
Similar observation was reported by Nkafamiya et al. [32]
for blanched and dried non-conventional leafy vegetables.
Higher losses of thiamine than riboflavin in the infused dried
leaves could be due to the fact that thiamine is very soluble
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in water [24].

3.3. Effect of Treatment on Health Benefiting
Phytochemicals

Table 3. Effect of infusion time on the phytochemical contents in dried
Heinsia crinita leaf (g/100g).

Infusion Time (min)

Parameters 0 5 10 15
Alkaloid 1.96a+0.31 1.55b+0.18 1.02¢+0.40 0.74d+0.11
(0.00) (20.92) (47.96) (62.24)
Flavonoid 0.33a+0.22  0.20b+0.04  0.16b+0.23 0.10b+0.13
(0.00) (39.39) (51.52) (69.70)
Srpaniia 2.58a+1.10  2.46a+0.09 2.40a+0.14 2.32a+0.52
(0.00) (4.65) (6.98) (10.08)
Tannin 0.36a+0.91 0.30b+0.32  0.23c+1.13 0.19d+0.08
(0.00) (16.67) (36.11) (47.22)

Values are Means + SD (standard deviation) of triplicate determinations.
Means on the same row with different superscripts are significantly different
at p<0.05. Values in parenthesis indicate percentage phytochemical loss to
the infusion water.

Plants have basic nutritional importance by their content of
protein, carbohydrate, fat, minerals, vitamins and water
responsible for growth and development in man and animals.
Much more than these, researchers have come up with the fact
that some plant phytochemicals have potentials in helping to
reduce the risk of several deadly diseases in man [6 — §].
Alkaloids, flavonoids, saponins and tannins are among the
phytochemicals contained in Heinsia crinita leaves that have
been found to possess health promotion and protecting
properties. Table 3 presents the levels of these phytochemicals
in the untreated dried leaves (control) and hot water infused
and dried leaves. The values of alkaloids, flavonoids, saponins
and tannins in untreated dried H. crinita leaves were
1.96g/100g, 0.33g/100g, 2.58g/100g and 0.36g/100g,
respectively. Hot water infused and dried leaves had lower
contents of these phytochemicals than untreated dried leaves.
Longer infusion times increased losses of these important
phytochemicals to the infusion water. Percentage losses of
alkaloids, flavonoids, saponins and tannins ranged from 20.92,
39.39, 4.65, and 16.67% for 5 min infused and dried leaves to
62.24, 69.70, 10.08 and 47.22% for 15 min infused and dried
leaves, respectively. The lower levels of these phytochemicals
in the infused and dried leaves relative to the untreated dried
leaves could be attributed to a combination of thermal
destruction and leaching of these compounds into the infusion
water. Similar reductions of phytochemicals in other green
leafy vegetables blanched in hot water had been reported by
other authors [32, 34 and 35]. Owing to their strong
physiological effect, alkaloids are of great value in medicine.
They are believed to be among the plant chemical constituents
responsible for hypoglycaemic effect in humans [36].
Flavonoids are strong anti-oxidants and free radical
scavengers which prevent oxidative cell damage [23]. They
also have strong anti-cancer properties and protection against
cardiovascular diseases by inhibiting the oxidation of low
density lipoprotein cholesterol [23, 37]. Saponins have been
reported to decrease cholesterol absorption from the

gastrointestinal tract and therefore lower blood cholesterol, a
major risk factor for cardiovascular disease [23, 38]. Tannins
on the other hand form complexes with protein and iron
thereby inhibiting their bioavailability [23]. Besides these
deleterious effects of tannins in the diet, they have anti-oxidant
properties and may inhibit activation of carcinogens and
cancer promotion [23]. This implies that tannins serve a dual
role of reducing some essential nutrients and protecting the
body against cancer. For the consumers to derive substantial
benefits from the consumption of Heinsia crinita leaves, it is
recommended that 5 minutes hot water infusion time should
be employed.

4. Conclusion

This study demonstrated that Heinsia crinita leaf is a good
source of micronutrients and health  protecting
phytochemicals. However, subjecting the leaf to hot water
infusion for 5-15 minutes resulted in varying reductions in
mineral, vitamins and health protecting phytochemicals.
Percentage losses of minerals, vitamins and health protecting
phytochemicals to the infusion water that was discarded
increased with increase in infusion time. For the consumers
to derive substantial nutritional and health benefits from the
consumption of Heinsia crinita leaf, it is recommended that
it should be subjected to 5 minutes hot water infusion period
prior to use for culinary preparation.
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