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Abstract

warming will decrease nutritive value of Ulva fasciata.

Keywords: Ulva fasciata; Nutritive value, Malnutrition, Global warming

The edible green seaweed Ulva fasciata which is abundant in Tanzania, is highly nutritious and can therefore help in curbing severe
malnutrition currently reported in the country. Seaweeds on the other hand, are reported to be affected by temperature. This study was therefore
aimed at investigating the effect of rising temperature on the nutritive value of Ulva fasciata. Samples were collected at the Oysterbay shoreline
in Dar es Salaam and grown under controlled conditions at the University of Dar es Salaam. Growth rate and selected nutrients (proteins, vitamin
A, carbohydrates, iron, phosphorus, calcium and potassium) were determined using standard analytical methods. Data analysis was done using
Paleontological statistics (PAST) version 1.27, 1999-2012 package. The results show that temperature elevation caused a decline in growth rate
of Ulva fasciata. Furthermore, its protein content declined sharply from 19.8% dry weight to only 5.8% dry weight when temperature increased
above the range of 28-29 °C. With the exception of Phosphorus which increased progressively with temperatures rise, other nutrients including
minerals showed a significant decrease when Ulva fasciata was grown in higher temperature ranges. The results suggest that the ongoing global

Introduction

Various seaweeds are of nutritional interest in many parts
of the world due to their richness in nutrients [1,2]. Seaweeds
are also reported to have higher nutritive value than many
terrestrial crops [3,4]. The edible seaweed Ulva fasciata Delile
for instance, is rich in nutrients such as vitamins, protein,
carbohydrates, lipids, fibres, iodine, calcium, potassium and iron
[5,6]. For this reason, only a small amount of this species can
fulfill the recommended daily intake (RDI) of several nutrients
such as iodine, protein and vitamin A [7,8]. For this reason edible
seaweeds have a potential of fighting malnutrition especially
in countries where seaweeds flourish. Despite the fact that
Tanzania is one of the countries most affected by malnutrition
[9,10], and despite being endowed by variety of seaweeds [11],
information about utilization as human food is still scanty.

Although there is a big potential of using edible seaweeds
to eradicate malnutrition in communities highly affected like
those in Tanzania, seaweeds’ growth and distribution is highly
influenced by environmental factors such as light, temperature,

salinity, water movement and nutrients availability. Although
studies that directly link U. fasciata’s nutrients with predicted
global temperature increase are scanty, there are studies which
have reported that temperature of 25 °C brings maximum
accumulation of amino acids and sugar accumulation in U
fasciata [12]. A study by Juneja et al. [13], revealed fluctuations
in protein, carotenoids, lipid and starch in U. pertusa and other
algal cells when temperature levels were altered. Although
studies about how temperature influences growth and nutrients
availability in various seaweeds have been done, information
about how the nutritive value of Ulva fasciata will be affected by
the predicted temperature increase as a result of global warming
is hardly available.

The intergovernmental panel on climate change predicts
that the global temperatures will increase by 5.8 °C by the year
2100 [14]. In Tanzania, seawater temperature rise is predicted
to range between 3-4 °C by the end of the 21 century from the
current average seawater temperature of between 27-28 °C [15].
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The effects of global warming will cause a significant decline
in food production especially in tropical Africa where farmers
depend largely on rainfall [15,16]. As a result of this, edible
seaweeds such as U. fasciata which is abundant in East Africa
shores and highly nutritious could be effectively used as food
supplements to help curb malnutrition. This study therefore
aims at finding out how effects of temperature rise as a result
of global warming will affect growth rate and nutritive value of
U. fasciata so as to help farmers and decision makers to make
informed decisions on possibilities of sustainable farming this
seaweed for food purposes.

Materials and Methods

Samples of U. fasciata for this study, were collected from the
shores of Oysterbay in Dar es Salaam Tanzania, located between
39°16-39°17.5’E and 6°46.5’S. From this area, the collected
samples were transported to the University of Dar es Salaam
for culturing. Seawater was also collected from the same area,
transported and stored in a tank to be used in the experiment.
The experiment was conducted in the growth chamber of the

Botany Department at the University of Dar es Salaam. The
seawater was filtered using a clean double-folded nylon cloth,
then checked for salinity and pH which were maintained at
35+0.55%0 and 8.2, respectively. Prepared seawater was then
placed in 15 aquaria, 10 litres in each aquarium.

The aquaria were then grouped into groups of three to
make five groups labled A to E. Each group was set at a different
temperature range, from the range of 24-25 °C to the range of
32-33 °C as indicated in Table 1. Aquarium heaters were used
to provide the desired temperature in each treatment, and the
growth chamber was air conditioned at 18 °C.

Some of the collected U. fasciata samples were prepared for
culturing. The young and healthy parts of the thalli were cut and
cleansed, then they were gently blotted to remove excess water
and weighed using an analytical balance. In each of the aquaria
containing 10 litres of seawater, 10g of U. fasciata sample was
inoculated. An aerator was immersed in each aquarium to
provide ambient air to the culture media (Plate 1).

Ve

N

Plate 1: Showing Ulva fasciata samples growing in aquaria (A and B), and how the experiment was set up in the growth chamber.

J

Throughout the experiments, seaweeds were exposed to
12:12 hours light: dark at 67.47pumol m? s? intensity with
cool fluorescent tubes as source of light. This light intensity
was lower compared to the intensity of light at the natural
environment (study site) which has been recorded to range
between 1500pumol m? s and 1700pumol m? s in the months
of May to September [17]. But all the samples were subjected
to the same level of light intensity thus any variation observed
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afterwards was due to the experimental temperature which was
varied.

Seawater in the aquaria was replaced after every seven days
to prevent nutrients depletion and growth of epiphytes. The
experiment was conducted twice, with each experiment taking
28 days, this was done for the purpose of obtaining more data to
ascertain reliable results and also because the growth chamber
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had no enough space to accommodate more than 15 aquaria at
the same time.

Data collection
Determination of growth rate of U. fasciata

Fresh weight of the seaweeds growing in the aquaria was
measured using analytical balance at three days interval to
monitor their rate of growth. The seaweed was temporarily
removed from their aquarium, gently blotted and measured.
The seaweed was then returned into their aquarium. From
these weights, growth rate was calculated using a formula K
= [(W,/ W)~ 1] x 100 %, described by Yong et al. [18] as the
most accurate. Where K= specific growth rate per day, W = the
initial weight of the seaweed, and W = the weight of the seaweed
after t number of days.

Determination of nutrients

In determining nutrients content in U. fasciata, analysis
was done in two settings. The first was analyzing nutrients in
the wild samples, and the second was analyzing nutrients in
samples subjected to experimental conditions. In both settings,
some nutrients were analysed in dry samples, and some in
fresh samples. Vitamin A, was analysed by the analytical tests
following standard methods described by Allen [19] using 1g of
blotted fresh seaweeds in three replicates.

The seaweeds subjected to analytical tests for determination
of protein, soluble carbohydrate, potassium, iron, phosphorus
and calcium content were air-dried and then oven-dried at 60 °C
for 48 hours to constant weight. Carbohydrates were extracted by
hot water and calorimetrically determined by using procedures
described by Allen [19]. In details, 1g of dry sample was weighed
into 100ml conical flask, and 30ml of distilled water added. The
mixture was boiled for 2 hours and then filtered. The filtrates
were used to determine soluble carbohydrate contents of the
sample using anthrone reagent.

Total nitrogen was determined by using a semi-micro
Kjeldahl digestion [19] and colorimetric determination of the
resultant ammonium by colour reaction (Endo-phenol blue
method). In this method, 0.2g of dry sample was weighed into
Kjedahl flask. To the sample, 0.2g of copper metal, 0.1g selenium
(Kjeldahl tables), and 15ml of sulphuric acid were also added.
In order to oxidise the organic matter, 2ml of hydrogen peroxide
was added and then heated to boiling for 5 minutes. In the
mixture 4g of K,SO, was added and the mixture digested at 430
°C using a thermal Kjeldahl apparatus. The nitrogen present
in the sample was thus converted to the ammonium form and
the ammonium was determined calorimetrically by using a
spectrophotometer. The amount of total nitrogen in the sample
was obtained from the calibrated curve of standard NH,. To get
the amount of protein, the obtained values of total nitrogen were
each multiplied by a factor of 6.25 as described in Allen [19].

To determine the amount of selected minerals in the
samples, a Kjeldahl thermo was used for digestion. A sample
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of 0.1 grams of each treatment seaweed material was weighed
and put in Kjeldahl flasks. To the flasks 5ml conc. HNO, and
1ml of perchloric acid were added and the resulting mixture
was digested at 120 °C. The resulted solutions after digestions
were subjected to analysis of the selected mineral nutrients.
While Potassium, Calcium and Iron were determined using the
Atomic Absorbance Spectroscopy (AAS), Perking Elmer 3100.
The filtrate obtained above were retained for determination of
Phosphorus. Ortho-phosphate was determined by colorimetry
using a spectrophotometer according to ascorbic acid method
of Allen [19]. The amount of Phosphorus in the sample was
obtained from the calibration curve of standard PO,.

In determination of f3-carotene, a method developed by
Nagata & Yamashita [20] was used. In its procedure, the dried
extract (100mg) was vigorously shaken with 10ml of acetone-
hexane mixture (4:6) for 1 minute and filtered through Whatman
No.4 filter paper [21]. The absorbance of the filtrate was
measured at 453, 505 and 663nm and contents of f3-carotene
were calculated according to the following equation,

3-carotene (mg/100mg) = 0.216A,,, - 0.304A, . + 0.452A ..
[21].

Data analysis

All statistical computations were done using Paleontological
statistics (PAST) version 2.17, 1999-2012 package [22], at the
confidence limit of 0.05. A single-factor Analysis of Variance
followed by Tukey multiple comparison test (HSD) [23], were
used to analyse the significant difference in the mean content
of each selected nutrient in the samples of U. fasciata grown
at different temperature set-ups and also to test whether
the difference in growth rates at different temperatures was
significant. Linear regression analysis was used to analyse the
relationship between growth rate of U. fasciata and temperature
variation. It was also used in statistical analysis of the
relationship between temperature elevation and accumulation
of the selected nutrients.

Results
Effect of temperature rise on growth rate of U. fasciata

Specific growth rate of U. fasciata was recorded to decrease
with the increase in temperature ranges (Figure 1). The
lowest specific growth rate of U. fasciata was recorded at the
temperature range between 32 and 33 °C where growth rate
averaged -0.94+0.2% per day. Ulva fasciata’s specific growth
rate was highest at the temperature range between 24 and 25 °C
where the average specific growth rate was 4.67+0.1% per day.
As indicated in Figure 1, U. fasciata’s specific growth rate beyond
the temperature range between 30-31 °C, was recorded to be
negative. Thalli of U. fasciata were bleaching at the temperature
above the range of 28-29 °C, and the seaweeds growing in the
temperature range of 30-31 °C and 32-33 °C were disintegrating
into fragments reducing their mass.
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Using a linear regression model, it was observed that there
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was a strong relationship between temperature increase and
decrease in growth rate (r=-0.97). It was also determined that
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95% of the variations of growth rate values were explained by o

temperature variation, the coefficient of determination R?* was 0:1
0.95. According to ANOVA there were significant differences in
growth rates of U. fasciata between different temperature ranges
(P<0.05, F=303.7, DF=29). Results from Tukey’s Multiple-
comparison (HSD) test show that growth rate of U. fasciata was
not significant between 24-25 °Cvs 26-27 °C temperature ranges
(Q=1.938, P>0.05), but growth rates compared between all other

temperature ranges were significant.
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Vitamin A
Using one-way ANOVA it was determined that there is a

significant difference between f3-carotene contents accumulated
by samples of U. fasciata grown in different temperature ranges
(P<0.05, F=591.2, DF=29). The Tukey’s multiple comparison
test revealed that the accumulated 3-carotene contents were

The average amount of {3-carotene determined in U. fasciata
wild samples was 0.158+0.007mg/100mg. Results after
experimentation shows that there was an increase in the amount
of 3-carotene as temperature was increased reaching maximum
accumulation at the range of 28-29 °C. At this range the amount
of f3-carotene was measured to be 0.179+0.001mg/100mg
wet weight (Figure 1). At the temperature exceeding 28-29

significantly different in the seaweeds grown in all compared
temperature ranges except the difference in f3-carotene amounts
accumulated between temperature range of 24-25 °C vs 30-31
°C (Q=0.1654, P>0.05) which was not significant. Furthermore,
regression analysis (Polynomial fit, order 2), indicated a strong
regression relationship between temperature elevation and

°C range, amount of f3-carotene began to decline reaching the
minimum level at the temperature range of 32-33 °C where
3-carotene amount was just 0.055+0.002mg/100mg wet weight.

Furthermore, it was observed that 3-carotene accumulation in i ) .
3-carotene content in U. fasciata, r = -0.95 and the coefficient

of determination R* was 0.903, indicating that 90.3% of the
variations in f3-carotene accumulation was explained by the

wild samples nearly equals the amount measured in the samples
growing at the temperature range of 26-27 °C which was

0.155%£0.003mg/100mg wet weight. )
changes in temperature.
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Figure 2 : The effect of temperature elevation on percentage Protein and soluble Carbohydrate accumulation in U. fasciata. (MeantSEM,
n=6).
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Protein

The average protein accumulated by this seaweed determined
before experimentation was found to be 21.97+0.15% of its dry
weight. Moreover, the protein content measured in U. fasciata
after experimentation indicated that it increased slightly from
15.4+0.3% of the sample’s dry weight to 16.3+0.1% when
temperature was increased from the range between 24-25 °C to
the temperature range between 26-27 °C respectively (Figure 2).
The increase of temperature from the range of 26-27 °C to the
range of 28-29 °C caused a sharp increase of protein (16.3+0.1%
to 19.7+0.2%). Then protein content declined to 13.9.0+0.2%
when temperature increased to the range of 30-31°C and
continued to decline sharply to 5.6+1% when temperature
reached the range of 32-33 °C.

Analysis by one way ANOVA revealed that there was a
significant difference between protein contents in Ulva fasciata
growing in different temperature ranges (F=112.8, DF=29,
P<0.05). Turkey’s multiple comparison test revealed that the
significant difference was between protein accumulation in
U. fasciata growing at all temperature ranges except in the
temperature ranges of 24-25 °C vs 26-27 °C and between 24-
25 °C vs 30-31 °C which revealed a difference that was not
significant.

Linear regression analysis (polynomial regression fit, order
2) revealed a strong negative linear relationship between protein
content and the determinant variable temperature, r =-0.96. The
coefficient of determination R? was 0.93 showing that 93% of
the variations in protein content was explained by the changes
in temperature.

Soluble Carbohydrates

The soluble carbohydrate content in the analysed samples
decreased proportionally with the increase in temperature. The
lowest content of soluble carbohydrate was observed in the
temperature range of between 32-33 °C (6.5+1.2%), while the
highest levels of soluble carbohydrates was in the temperature
range of 24-25 °C (24.9+0.01%) as shown in Figure 2. Moreover,
accumulation of soluble carbohydrate in the wild seaweeds
determined soon after harvest was higher than in any of the
seaweeds subjected to experimentation (25.6+0.18%).

Analysis by one way ANOVA revealed that there was a
significant difference between the soluble carbohydrate
contents of U. fasciata growing in different temperature ranges
(F=187.8, DF=29, P<0.05). It was however found out that the
compared mean difference in percentage soluble carbohydrates
accumulated between temperature ranges of 24-25 °C vs 26-27
°C was not significant. This was revealed after doing a Tukey’s
multiple comparison test. The test also revealed that the
difference in soluble carbohydrates accumulated by the seaweed
sample between all other tested temperatures were significant.
When regression analysis was performed, it was determined
that there is a strong relationship between temperature rise and
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soluble carbohydrates content, r = -0.99 and R?=0.97.

Iron Content

As the temperature ranges were increased, it was observed
that the levels of Iron in the U. fasciata samples also changed.
Iron content increased from about 71.9+0.5mg/10g dry weight
to 82.7+0.3mg/10mg when temperatures were increased
from the range of 24-25 °C to the range of 26-27 °C (Figure 3).
The content of Iron in the U. fasciata samples then decreased
progressively as temperatures increased from the range of 26-
27 °C to 32-33 °C, the range at which the Iron content was the
lowest (52.3+2.2mg/10g).

4 A

weight)

-—— = = T =

Mineral content (mg/10gdry

26-27°C 28-29°C 30-31°C 32-33°C

Temperaturerange (°C)

Iron content

= = Phosphorus content

Figure 3 : Effects of temperature elevation on the Iron and

Phosphorus contents U. fasciata (Mean+SEM, n=6).
- J

On the other hand, the amount of Iron determined in the
seaweeds that were not subjected to experimentation was
85.72+1.2mg/10g. This amount nearly equals the amount
accumulated by U. fasciata growing at the temperature range
of 26-27 °C which was 82.65+0.35. Furthermore, analysis by
One-Way ANOVA showed a significant relationship between
temperature rise and iron content (F=83.12, DF=29, P<0.05).
Tukey’s multiple comparison test revealed that the difference
in iron accumulation in the samples grown in all temperature
ranges were significant. Moreover, the regression analysis
which was performed to check the relationship between Iron
accumulation and increasing temperature revealed a strong
regression relationship (r = -0.85) and that 72% of the variation
in Iron content were caused by temperature increase.

Phosphorus Content

Contrary to other nutrients, the increase in temperature
from the lower range of 24-25 °C to the higher range of 32-33 °C
resulted in a proportional increase in the content of phosphorus
in U. fasciata samples (Figure 3). The highest accumulation of
Phosphorus was averaged to be 44.1mg/10g at the temperature
range of 32-33 °C and the lowest was 30.6mg/10g which was
recorded at the range of 24-25 °C.

The amount of Phosphorus accumulated by the seaweeds
growing at the temperature range of 28-29 °C which was
36.45+0.75mg/10g nearly equals the amount measured in
samples that were not subjected to the experiments which was
38.40+1.75mg/10g (Table 1). One-way ANOVA showed that there
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is a significant relationship between increase in temperature
range and change in phosphorus content in U. fasciata (F=75.11,
DF=11.88, P<0.05).

Table 1: The experimental set up.

Temperature Range in °C
24-25 26-27 28-29 30-31 32-33
Al B1 C1 D1 E1l
Aquaria A2 B2 Cc2 D2 E2
A3 B3 C3 D3 E3

According to Tukey’s multiple comparison test, the only
difference in phosphorus content that was not significant was
between samples from temperature ranges of 26-27 °C vs 28-29
°Cand 30-31 °C vs 32-33 °C. Samples from all other temperature
ranges had significant differences in their phosphorus contents.
Linear regression analysis indicated a strong relationship
between phosphorus accumulation and temperature increase
(r=0.98). The coefficient of determination R? was 0.97.

Calcium Content

Calcium content in U. fasciata increased slightly from
383.5+5.9mg/10g at the temperature range of 24-25 °C to
408.1+1.8mg/10g at the range of 26-27 °C. Calcium content
reachedhighestlevelsattherange 0of28-29°C(482.5+0.4mg/10g)
and began to decrease as temperatures were increased to higher
ranges of 30-31 °C and 32-33 °C where Calcium content was
435.745.7mg/10g and 324.5+3.3mg/10g respectively (Figure
4).

weight)

Minerals content {mg/10gdry
1

o

26-27°C 28-29°C 30-31°C 23-33°C

Temperature range (°C)

— — Potassium  «eeeee Calcium

Figure 4 :The relationship between temperature increase,
Calcium and Potassium contents in U. fasciata. (MeanSEM,

\ e J

Calcium content was measured to be 426.37+9.11mg/10g
in the seaweeds growing in the wild (before experimentation).
This nearly equaled the amount accumulated in seaweeds
growing at the range of 30-31 °C. The changes in calcium levels
as temperature ranges increased were small but significant
(F=212, DF=29, P<0.05; one-way ANOVA). Calcium content
in U. fasciata samples from all temperature ranges showed

DOI: 10.19080/0FOAJ.2018.06.555698

significant difference. This was according to Tukey’s multiple
comparison test. Regression analysis was able to determine a
strong relationship between variations in Calcium content and
elevation of temperature, r=0.92 and R?=0.85.

Potassium Content

As temperature ranges were increased from 24-25 °C to
the range of 30-31°C, potassium content also increased from
1305.8+3.3mg/10g to 2203.95+5.9mg/10g respectively. As
temperature was further increased to 32-33 °C range, the levels of
potassium in U. fasciata dropped sharply to 1413.1+39.4mg/10g
(Figure 4). Levels of Potassium measured in the wild seaweeds
was found to be 1912.81+28.20mg/10g. This amount was found
to be between the amounts accumulated by seaweeds growing at
temperature ranges of 26-27 °C and 28-29 °C.

The relationship between the changes in potassium content
and rise in temperature ranges was determined to be statistically
significant through one-way ANOVA (F=481, DF=29, P<0.05).
Significant changes were determined by Tukey’s multiple
comparison test to be between Potassium content accumulated
by U. fasciata grown at all compared temperatures. When
regression analysis was performed, it was determined that 78%
of the variations in potassium content resulted from the change
in temperature (R?-0.78), and the coefficient r was 0.88.

Discussion of the Results

Effect of temperature elevation on growth rate of Ulva
fasciata

As one of an important aspect of nutrition, growth rate was
one of the parameters studied. It was revealed in this study
that, Ulva fasciata can grow at a fast rate (4.7% per day) when
growing in the temperature range between 24-25 °C. This was
also observed in other studies done in other species of Ulva. For
example, in a study done by Ruangchuay et al. [24], it was found
that U. intestinalis had the highest growth rate at a temperature
of 25 °C.

Having recorded a growth rate of below 0 % per day when
temperatures were elevated to 30 °C, it is evident that when
temperature reaches this level U. fasciata species dies off.
This was also reported in a study by Mohsen et al. [12], who
observed that temperatures of 30 °C in the littoral region of
the Mediterranean shore bordering Alexandria are lethal to U.
fasciata.

The decrease in growth rate of this species with increase
in temperature can be attributed to the disruptive stress that
causes cellular and subcellular damage in seaweeds as explained
in several studies such as those done by Davison & Pearson [25]
and Eggert [26]. In the aforementioned studies, it was reported
that such damages leads to relocation of resources for protection
and repair thus causing growth rate to slow, development to
delay and even mortality.
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Growth of U fasciata will subsequently continue to
decrease affecting its yield if global temperatures continue to
rise as predicted by the IPCC and other scholars such as Seitz
& Nyangena [15] who used various simulation models to show
that temperatures will continue to rise by up to 4 °C especially
on the East African shores of the Indian Ocean by the end of the
century. According to the data from the Tanzania meteorological
agency (TMA), air temperatures in Dar es Salaam for the months
of December to March have been averaged at 29 °C in the period
between the year 1991 and 2007 [27]. The high temperatures in
the above mentioned months have also been reported in other
studies [15,28]. This means that in these months cultivation of U.
fasciata in natural environment could be difficult. As reported in
this study, when growing in a temperature range between 28 -29
°C, U. fasciata grow at a rate of only 2.1% per day as compared
to the rate of 4.7% per day when temperatures are between 24-
25 °C.

Effects of temperature elevation on selected nutrients
content in Ulva fasciata

It was observed in this study that, there is a significant
increase in Vitamin A content when temperatures are increased.
It was however also noted that Vitamin A content decreases
dramatically when temperatures go beyond a range of 28-29
°C. This may be because at this range of temperature, U. fasciata
began to disintegrate. The increase in f3-carotene content
with increase in temperature was also observed in a study on
secondary catorenoids formation by a green alga Chlorococcum
sp. done by Liu and Lee (2000) in which it was shown that
increase in temperature increases accumulation of carotenoids
in algal species.

This increase in carotenoids can be attributed to cellular
response to increased active free oxygen radicals formed at
elevated temperatures [29] and increased biosynthetic enzyme
activity in high temperatures [30]. As reported by Asensi-Fabado
& Munne-Bosch [31], lipid-soluble vitamins such as Vitamin A
play a role in both plants and animals metabolism because they
are strong antioxidants and they also function as enzymatic
cofactors. The predicted increase in temperature as a result of
global warming will therefore bring about significant decline in
the amount of Vitamin A in U. fasciata. To be used as a supplement
food for Vitamin A, this edible seaweed will have to be grown in
months cooler than 30 °C which according to Mtolera & Buriyo
[17], are the months of March to September in Tanzania.

The increase in protein levels with the increase in
temperature from the range of 24-25 °C to 28 -29 °C may be a
result of increased production of heat shock proteins to protect
the seaweed from the effects of heat stress. As explained by
Collen et al. [32] in a study on red seaweed Chondrus crispus,
high temperature stress drastically alter transcription of more
than 15% of the said species’ genes. Furthermore, the said
study reported that high temperature treatments lead to an
increase in expression of stress genes such as those that lead

to antioxidants and heat shock proteins (HSP). This indicates
that high temperatures stimulates production of more proteins
hence supporting the results found in this study.

In addition to that, the amount of protein accumulated by
U. fasciata below the temperature of 30°C (between 15 and
19.8% dry weight), correlates with the amount of proteins found
in various species of the genus Ulva which is between 15 and
21% of their dry weight as reported by various studies [1,33].
High accumulation of Proteins below the temperature of 30 °C,
indicates that this seaweed can indeed help curb malnutrition
when cultivated below that range of temperature.

It was however discovered that further increase in
temperature beyond the range of 28-29 °C caused a sharp
decline in protein. This decline can be explained by considering
the observed decline in biomass, disintegration and death of
this species of seaweeds when temperature reaches 30 °C as
reported in this study and others [12]. The low content of protein
accumulated by U. fasciata growing at temperatures above the
range of 28-29 °C, (below 14% of its dry weight) compromises
the species potential use as a supplement food to increase
protein in human diets. According to the National Academies
[34], recommended daily amount of protein for nursing mothers
for example, is about 71g per day, this means that, if global
temperatures continue to rise and warm sea water temperatures
to 30 °C and above, the amount of protein in U. fasciata will be
lowered to the point that the amount of the daily consumption of
this seaweed taken as food supplement will need to be very big
to meet the recommended daily intake.

Nevertheless, protein content in the wild samples was found
to be higher than in the samples grown at different temperature
ranges. The experimental settings in this study tried to imitate
the natural settings by providing appropriate salinity, pH and
aeration to the seawater in the aquaria. These however are not
the only parameters found in natural ocean environment which
is vast and faced with fluctuations in temperature, salinity, pH
and other extraneous parameters. These could therefore be
reasons for higher accumulation of protein in the wild samples
than in the seaweeds grown under different experimental
temperatures. The higher content in protein accumulated in
natural environment gives an even better prospect of cultivating
this edible seaweed as long as it is within the months with
temperature below the range of 28-29 °C.

With reference to the carbohydrate content in U. fasciata
at different temperature ranges, this study has shown that
temperature increase, profoundly decreases the amount of
soluble carbohydrates in this edible seaweed. As indicated in the
results, U. fasciata accumulated soluble carbohydrates by more
than 24% of its dry weight when temperature was between 24-
25 °C. This indicates that, when temperatures are favorable,
this edible seaweed can produce large amount of soluble
carbohydrates making it even more nutritious. High amount of
carbohydrates in U. fasciata growing in favorable conditions,
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has also been reported in other research works. A study by
Padua et al. [5] on the chemical composition of three species
of Chlorophyta for example, reported that U. fasciata contains
carbohydrate to over 50% of their dry weight. In addition to that,
the effect of temperature increase in soluble carbohydrate has
also been reported in a study done by Nakamura & Miyachi [35]
on the effect of temperature on starch degradation in an algae
species Chlorella vulgaris, where it was revealed that increase in
temperature decreases starch content.

Furthermore, it was discovered that, amounts of the mineral
nutrients were affected differently by temperature elevation.
The continuous increase in Phosphorus as temperatures were
increased, might be a result of the seaweed’s effort to curb the
decline in growth as a result of temperature increase. This is
because Phosphorus has been identified by various studies to
probably be the main control of macro-algal growth in tropical
coastal areas [36-38]. Therefore more of this nutrient was
accumulated in the efforts to increase growth. The increase
in percentage dry weight content of Phosphorus could also
probably be due to decline in its utilization because there was
a decline in growth, this lead to its percent in total dry weight
of seaweed to increase as total biomass continued to decrease.

The decline in contents of other minerals in U. fasciata when
temperature went beyond the tolerance level of the specific
mineral was very sharp. Iron content for example, dropped by
about 37% from its maximum accumulation (which occurred
at a temperature range between 26-27 °C) when temperatures
reached the range of 32-33 °C. Calcium and potassium content
dropped by 33% and 36%, respectively, from their maximum
levels when temperature levels reached 32 °C. The results
suggest that if these plants are cultivated or naturally growing
at higher temperature their nutritive value is compromised. This
therefore calls for more efforts to be done to halt the trends of
global temperature increase so that these seaweed species and
others with similar attributes continue to be highly nutritious.

Although the accumulated minerals in U fasciata as
observed in this study declined at different temperature levels
(Ca declined at temperature of 32 °C, K at 32 °C, and Fe at 28
°C) but their decline is an indication that temperature increase
decreases the amount of most of the mineral nutrients in U.
fasciata. It is therefore important to understand that, although U.
fasciata contains enough amounts of mineral elements to make it
a potential weapon against mineral deficiencies in humans, most
of these minerals in this seaweed will be lowered significantly if
seawater temperatures will continue rising.

This study has clearly shown that, if temperature will
continue to increase at a predicted rate, then both growth rate
and nutritive value of Ulva fasciata will be significantly lowered.
Unless global temperature increase is halted, cultivation of this
seaweed will be difficult in many months of the year, and its
nutritive value will be less.
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