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ABSTRACT

Spirulina, a photosynthetic blue-green alga (cyanobacterium), has drawn
attention as a viable food supplement due to its suitable nutrient content.
Despite its suitable nutrient composition, the bioavailability of nutrients
Present in Spirulina is not well reported. In this study, the bioavailability
of nutrients present in locally cultivated Spirulina platensis was evaluated
by using in vivo method. A total of 54 mice, 5-8 weeks age were used. The
mice were randomly divided into three groups. Group 1 (n = 18) served as
a control and received a basal diet. Group 2 (n = 20) served as a test and
received Spirulina blended with a basal diet. Group 3 (n = 16) serves as a
standard and received a basal diet supplemented with nutritional
supplements. The study revealed that test diet had apparent absorption of
protein 67%, calcium 50.6%, iron 43.8%, zinc 42%, and vitamin A 56.5%,
which was higher (p < 0.01) than control diet but similar (p > 0.05) with
standard diet. Given the higher bioavailability of nutritional supplements
mixed into the standard diet, the resemblance in nutrient absorption
between test and standard diets illustrated that Spirulina mixed into the
test diet also has higher nutrient absorption.
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INTRODUCTION

Micronutrient deficiency is an important global public health concern and is particularly high in
developing countries (Rasolofoson et al., 2018). Micronutrient deficiencies occur when intake and
bioavailability of nutrients are inadequate to endure good health and development (Bouis and
Saltzman, 2017). Bioavailability is a general term that refers to the proportion of an ingested nutrient
that is absorbed from the diet and used for normal body functions (Nguyen et al., 2012; Jafari and
Mcclements, 2017). Several factors influence the bioavailability of ingested nutrients such as the
presence of anti-nutritional factors in diet, nutrient interaction with each other, the release of nutrient
from food matrix, digestive enzymes in intestine, adherence and uptake of nutrients by the intestine
and transfer across the gut wall (Jafari and Mcclements, 2017).

Spirulina is a multicellular photosynthetic blue-green alga (cyanobacterium) that grows
naturally in the marine and freshwater environment (Habib et al., 2008). It is a naturally rich and most
complete source of organic nutrition containing a substantial concentration of amino acids,
polyunsaturated fatty acid, vitamin, protein, polyphenol and halogenated compounds (Dixit, 2018;
Nouri and Abbasi, 2018). Spirulina platensis and S. maxima are the most common and widely
available species of Spirulina (Saha and Murray, 2018). Although several studies have reported that
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Spirulina is rich in essential nutrients, yet there is a dearth of information regarding how much of the
nutrients in Spirulina can be absorbed and used by the body. Thus, the present study was aimed to
evaluate the bioavailability of Spirulina nutrients by using the in vivo method. Moreover, the effect
of phytic acid and nutrient interactions on Spirulina nutrient absorption was evaluated.

MATERIALS AND METHODS

This study was approved by Kibong’oto Infectious Diseases Hospital, Nelson Mandela African
Institution of Science and Technology, Centre for Educational Development in Health, Arusha
(KIDH-NM-AIST-CEDHA) Health Research Ethics Committee-KNCHREC vide approval number
KNCHREC00026.

Spirulina samples

Spirulina platensis was obtained from local producers from different areas of Kenya and was
cultivated in a pond covered with a greenhouse. After harvest, the biomass of S. platensis was dried
and grounded to obtain the powdered product.

Experimental animals

A total of 54 mice between the age group of 5-8 weeks and body weight of 21-38 g were used in the
study. Animals were caged individually at room temperature with 12 h light and dark cycle. All mice
had ad libitum access to feed and water. The mice were habituated to the experiment and housing
condition (feeding and handling) for 3 days before the start of experiment.

Feeding and treatment

The mice were randomly divided into three experimental groups. Group 1 (n = 18) served as a control
and received a basal diet once in a day for four weeks. Group 2 (n = 20) served as test group and
received S. platensis powder (15%) blended with a basal diet. Group 3 (h = 16) served as a standard
group and received a basal diet supplemented with appropriate quantities of casein protein, calcium
carbonate, iron sulphate, zinc sulphate, phosphate, retinol, folic acid and cyanocobalamin to receive
nutrient levels equivalent to the test diet. Daily intake of feed was recorded during the experiment
and the mice were weighed before and after the feeding experiment.

Feces and liver samples collection

Apparent nutrient absorption and liver sample nutrient concentration after the mice been fed on the
experimental diets were used to evaluate the bioavailability of nutrients from the diets. The feces
samples were collected for 3 consecutive days after the mice had been fed the experimental diets for
27 days. At the end of experiment, the mice were anesthetized and dissected, and their livers excised.
The collected feces and liver samples were dried overnight in a vacuum oven at 60°C and powdered
for further analyses. The concentrations of vitamin, mineral and protein in the samples were measured
using the standard methods proposed by Sami et al. (2014); Steponéniené and Tautkus (2006); Mahre
et al. (2018), respectively.

Vitamin analysis

Analysis of vitamin A and B was performed as per the method proposed by Sami et al. (2014). Briefly,
for vitamin A estimation 1 g pyrogallic acid, 70 mL ethanol and 30 mL (50%) KOH were added to
10 g powdered samples, stirred and refluxed for 40 min using a water bath at 50 + 2°C. Extracts were
obtained using different ether concentrations (50, 30 and 20 mL). The extracts were neutralized by
double-distilled water, then dehydrated using anhydrous sodium sulfate, further concentrated to 5 mL
in a water bath (50 + 2°C), and then diluted to 10 mL by using methanol. The extracts of the samples
prepared were filtered through 0.46 um membrane and HPLC analysis performed on an Agilent 1200
series HPLC system (Agilent, USA). The Agilent Eclipse XDB-C18 column was used (5 um, 4. 6 x
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150 mm), using methanol solvent, and UV detection was recorded at 325 nm. Vitamin separation was
based on isocratic elution and the flow rate of the solvent was maintained at 1 mL min™. Preparation
of the standard solution was done daily and followed a serial dilution to a concentration of 5 mg L™
of vitamin A. Thereafter, 20 uL of standard solution and extract was directly injected into the HPLC
column. The vitamin A was estimated by comparing its retention times with that of standard solutions.
For vitamin B analysis, 25 mL H>SO,; (0.1 N) solution was added to 2 g powdered samples and
incubated for 30 min at 121°C. The contents were cooled and adjusted to pH 4.5 with 2.5 M sodium
acetate, then 50 mg Takadiastase enzyme was added and the contents stored at 35°C overnight. The
mixture was filtered through a Whatman No.4 filter, the filtrate diluted with 50 mL pure water and
filtered again through a micropore filter (0.45 mm). Then the extract (20 uL) was injected into HPLC
system for the quantification of vitamin content which was accomplished by comparison with
standards. Standard stock solutions for folic acid and cobalamin were prepared according to the
standard methods (Sami et al., 2014). Chromatographic separation was attained on a reversed-phase
(RP-HPLC) column through isocratic delivery mobile phase at 0.5 mL min™* flow rate and ultraviolet
(UV) absorbance was recorded at 270 nm at room temperature.

Mineral analysis

Minerals were analyzed by the method of Steponéniené and Tautkus (2006). For this, 10 mL of nitric
acid was added to 10 g powdered samples. The mixture was heated for 10 min using a Kjeldahl block
digester (Avishkar Int., Mumbai, India). After cooling, 5 mL nitric acid was added, heated again for
30 min, and the solution left as such for 10 min to cool. Then 2 mL distilled water, 3 mL hydrogen
peroxide, and 2 mL hydrochloric acid were added and the mixture heated again for another 10 min.
The solution was filtered using Whatman filter paper No. 1 and diluted to 100 mL using distilled
water. Thereafter, the samples and standard solutions were injected into the atomic absorption
spectrophotometer (Rayleigh, WFX-210). Readings on atomic absorption spectrophotometer were
recorded at different wavelengths (248.3, 213.9, 422.7, and 213.6 nm) for iron, zinc, calcium and
phosphorus estimation, respectively.

Protein analysis

The protein contents in samples were estimated as per Kjeldahl method (Mehre et al., 2018). Briefly,
1 g powder sample was hydrolyzed with 25 mL conc. sulphuric acid (H2SO4) containing two copper
catalyst tablets in a heat block (Kjeldahl block digester, Avishkar Int., Mumbai, India) at 370°C for
2 h. After cooling, distilled water was added to the hydrolysates before neutralization and titration.
Traditional conversation factor of 6.25 and microalgae specific conversion factor 4.08 (Templeton
and Laurens, 2015) were used to convert the total nitrogen into protein for different samples.

Phytate analysis

Phytate was determined by using an anion-exchange method (Guansheng et al., 2005). For this, 1 g
sample was transferred into 100 mL conical flask and 50 mL of Na2SQO4 (100 g L™)-HCI (1.2%) was
added. The contents were shaken vigorously for 2 h on a rotator at ambient laboratory temperature
and the supernatant filtered through qualitative filter paper No. 4. Then, 10 mL filtered extract was
diluted to 30 mL with distilled water after mixing with 1 mL 0.75M NaOH and then passed through
an anion resin column (resin AG1-X4, ~ 100-200 mesh, Biorad Laboratory Inc.), column 0.8 x 10
cm). The column was washed before use with 20 mL 0.5 mol L™ NaCl solution and deionized water.
After sample application, the column was washed with 15 mL distilled water and 20 mL 0.05M NaCl
solution to remove the inorganic phosphates. The retained phytic acid was eluted with 0.7M NacCl.
The post-column reagent was made up of 0.03% FeClssolution containing 0.3% sulfosalicylic acid.
Then 4 mL reagent was added to 5 mL collected eluate and centrifuged at 3000 rpm for 10 min. The
absorbance of supernatant was measured at 500 nm using a spectrophotometer (LKB 4053, UK). A
calibration curve for the colorimetric method was obtained by using phytate standards (P-8810 Sigma
Co.). The phytate content of samples was calculated using the standard curve.
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Statistical analysis

Data were analyzed using a statistical software IBM SPSS (23). Normal distribution was tested with
the Kolmogorov—Smirnov test. One-way ANOVA (between-group variation) was used to evaluate
statistically significant differences (p < 0.05) between the groups.

RESULTS AND DISCUSSION

Bodyweight

Ingestion of control, test and standard diet did not statistically affect the body weight and feed intake
in the experimental mice. The mice weight at the start and end of the experiment did not significantly
vary between different dietary treatments groups (Fig. 1). However, at the end of experiment, all the
mice had significant weight increments (p < 0.01).

40

Feed intake

The daily feed intake of control, test and
standard group micewas 4 £ 1.4, 4.3 £ 2.2 and
3.9 £ 1.5 g, respectively (Fig. 2), which did not
significantly differ from one another (p = 0.21).
Further, the total feed intake in control, test and
standard group mice during the experiment was
99 + 29, 104 * 46 and 83 + 32 g, respectively
(Fig. 3), which was at par (p = 0.24).
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Nutrient composition of experimental diets
The nutrient composition of control diet
differed significantly (p < 0.05) from the test
Control group Test group Standard group and standard diets (Table 1). The protein,
Fig. 1: The weight of control, test and standard calcium, vitamin A, and vitamin B, contents in
group mice before (purple coloured) testand standard diets were statistically similar
and after (blue coloured) the (p>0.05); however, the phosphorus, iron, zinc

experiment and vitamin By contents differed significantly
(p < 0.05).
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Fig. 2: Daily feed intake in control (light purple), Fig. 3: The total feed intake of control (blue),
test (blue) and standard (yellow) group test (green) and standard (purple)

mice group mice during the experiment
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Table 1: The nutrient composition (unit 100 g™) of
control, test and standard diets

Nutrient Control diet Test diet Standard diet
Protein (g) 10.0°¢ 14.5° 15.0°
Calcium (mg) 199.4°¢ 364.8° 364.5°
Phosphorus (mg) 46.3"¢ 133.5%¢ 133.0%°
Iron (mg) 6.75°¢  18.0* 17.0*°
Zinc (mg) 0.9°¢ 13.4%¢ 12.3%0
Vitamin A (ug) 3.1°¢ 6.65° 6.6
Vitamin B (ug) 11.1°¢  231.8%¢ 229.5%°
Vitamin B, (ug) 0.2°¢ 0.77° 0.8°

Mean values with letter ‘a’ mark a significant difference with
control diet. Mean values with letter ‘b’ mark a significant
difference with test diet. Mean values with letter ‘c’ mark a
significant difference with standard diet (ANOVA, p<0.05)

Table 2: Nutrient intake in control, test and standard

diet fed mice
Nutrient Control diet  Test diet  Standard diet
Protein (g) 9.9(2.92° 15(6.7) 12.4 (4.89)
Calcium (mg)  204.7 (62.9)" 379 (168.09) 302.5 (118.8)
Phosphorus (mg) 45.8 (13.5)°¢ 138.8 (61.5) 110 (43.4)
Iron (mg) 6.7 (1.97)°¢ 18.7(8.29) 14 (5.54)
Zinc (mg) 0.89 (0.26)°¢ 13.9 (6.17)>¢ 10 (4.01)*P
Vitamin A (ug)  3.07 (0.9)>° 6.9 (3.06) 5.5 (2.15)
Vitamin Be (ug) 11 (3.25)°¢ 241 (106.8) 190.5 (74.9)
Vitamin B12 (ug) 0.19 (0.06)>° 0.8(0.35) 0.7 (0.26)

Mean values with letter ‘a’ mark a significant difference with
control diet. Mean values with letter ‘b’ mark a significant
difference with test diet. Mean values with letter ‘c’ mark a
significant difference with standard diet (ANOVA, p<0.05)

Table 3: Nutrient content (unit 100 g™) in the feces
samples collected from control, test and
standard diet fed mice

Nutrient Control diet ~ Testdiet  Standard diet
Protein (g) 7.3(0.37)>° 4.9(0.54)*¢ 4 (0.37)*°

Calcium (mg) 173.4 (0.62)P¢ 187 (0.63)*¢ 156 (0.35)*"
Phosphorus (mg) 39.4 (1.02)>¢ 94 (0.85)*¢ 72 (0.68)*"

Iron (mg) 5.2 (1.21)°¢ 10.5 (0.39)*¢ 8.5 (0.59)
Zinc (mg) 0.58 (0.06)° 8 (0.29)* 5.5 (0.60)2
Vitamin A (ug) 1.7 (0.10)°  3(0.37)* 1.5 (0.46)
Vitamin Be (ug) 7.9 (0.54)>¢ 150 (0.71)2¢ 115 (0.55)°

Vitamin By, (ug) 0.15 (0.05)°¢ 0.4 (0.08)*¢ 0.35 (0.03)*"

Mean values with letter ‘a’ mark a significant difference with
control diet. Mean values with letter ‘b’ mark a significant
difference with test diet. Mean values with letter ‘c’ mark a
significant difference with standard diet (ANOVA, p<0.05)

Nutrient intake

The nutrient intake in mice was found
dependent on the amount of feed
ingested during the experiment.
Vitamin A, vitamin By, vitamin By,
iron and phosphorus intakes in
control mice was significantly (p <
0.01) different from test and standard
group mice (Table 2). The protein and
calcium intake in control group mice
differed significantly from test group
mice but not from the standard group
mice (p > 0.05). However, nutrient
intake in test and standard group mice
were statistically at par (p > 0.05),
except for zinc intake. Zn intake
significantly differed (p < 0.05) in all
the experimental groups.

Feces nutrient content

The nutrient content of feces reflects
how much of the ingested nutrient is
absorbed (digested) by the body and
how much is excreted. The nutrient
content of feces samples collected
from control, test, and standard group
mice was significantly different (p <
0.05), however, the values were very
similar for test and standard groups
(Table 3).

Nutrient absorption

The amount of nutrients ingested
during the experiment and the amount
of nutrient excreted through feces
was used to calculate the apparent
nutrient absorption of experimental
diets. Protein, calcium, phosphorus,
iron, vitamin A and vitamin By
absorptions from control diet differed
significantly (p < 0.01) from the test
and standard diets but not for zinc and
vitamin By absorptions. The apparent
absorption of nutrients from test and
standard diets was at par with each
other, except for vitamin A (Table 4).
Considering the similar nutrient

composition between test and standard diets and nutrient intake between test and standard group mice,
the results revealed that the absorption of nutrients from S. platensis used to prepare the test diet was
comparable with that of nutritional supplements. The phytate content of S. platensis used to prepare
the test diet was very little (1.86 mg 100 g*). Besides the computed iron to zinc (1.14), zinc to iron
(0.88), calcium to phosphorus (1.6), phytate to iron (0.0019), phytate to zinc (0.0021), and phytate to
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Table 4: Absorption of nutrients (%) in control, test and
standard diet-fed mice
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calcium (0.000086) molar rations of
Spirulina platensis was below the

Nutrients Control diet  Testdiet  Standard diet critical values at which the
Protein 26 (8.1) "¢ 67 (9.9) 67.7 (10.7)  absorption of minerals could be
Calcium 12 (4.4)>¢  50.6(13.2)  48(12.8) inhibited (Norhaizan et al., 2009;
Phosphorus  13.9 (4.6)°¢ 32 (12.6) 34.5(14.3)  Nguyenetal., 2012). The absence of
Iron 22 (4.6)°°  43.8(13.9) 39 (12.3) a cellulosic cell wall in Spirulina
Zinc 34.8 (8.7) 42 (16.3) 45 (13.5) (Falquet, 2006), the oxalate free
Vitamin A 44.6 (7.6)>° 56.5(11.1)* 72.7(5.2)*® nature of Spirulina (Gutiérrez-
Vitamin By 28 (9.9) 37.7(19.3)  39.6 (9.6) Salmean et al., 2015), and the
Vitamin B, 21(6.6)"° 50 (13.1) 50 (12.3)  undetectable level of tannin (Mane

Mean values with letter ‘a’ mark a significant difference with
control diet. Mean values with letter ‘b’ mark a significant
difference with test diet. Mean values with letter ‘c’ mark a
significant difference with standard diet (ANOVA, p<0.05)

Table 5: Nutrient content (unit 100 g*) in the liver
samples of mice in control, test and standard

et al., 2019; Seghiri et al., 2019) are
reported reasons for the higher
bioavailable nature of Spirulina
nutrients.

Although the information is scarce,
there are some human and animal
studies reported on the bioavailable

_ diet groups _ i i nature of Spirulina nutrients. For
Nutrients Control diet  Test diet  Standard diet instance, after assessing the effect of
Calcium (mg)  22.5(0.34)°° 182 (1.24) *° 148 (0.38) Spirulina, calcium carbonate, and
Phosphorus (mg) 6.4 (0.6)*° 43 (0.74)*°  38(0.64)  high calcium milk supplementations
Iron (mg) 15(0.07)>° 8(0.43)*  7.7(0.53)  on the serum calcium and bone mass
Zinc (mg) 0.3(0.08)°° 58(0.38)*  5(0.39)  density of rats, Ekantari et al. (2017)
Vitamin A (ug) 1.3 (0.54)° 35(0.7)*  3.6(085  reported that the calcium of
Vitamin B (ug) 2.9 (0.43)°° 87.3(1.3)*° 73.8(L.48)  spirulina has higher bioavailability
Vitamin B (ug) 0.03 (0.01)°° 0.3 (0.05)*° 0.31(0.02)  than those of calcium carbonate and

Mean values with letter ‘a’ mark a significant difference with
control diet. Mean values with letter ‘b’ mark a significant
difference with test diet. Mean values with letter ‘c’ mark a
significant difference with standard diet (ANOVA, p<0.05)

high calcium milk. Madhubalaji et
al. (2019) also reported that
supplementation of Spirulina in the
diet of vitaminBi, deficient rats
leads to the normalization of vitamin B, deficiency-induced circulatory and functional biomarkers,
this explains that the vitamin B, from Spirulina is absorbable and improves systemic vitamin Bi
status. Moreover, a study administered 10 g Spirulina along with local diet to the intervention group
children and only local diet to the control group children for 30 days reported that the weight-for-age
Z scores and weight-for-height Z scores increased quickly and significantly in the intervention group
than that of the control group (p < 0.05) (Matondo et al., 2016). A blind randomized cohort study
administered 1500 mg day™ Spirulina supplementation to the intervention group of pregnant women
and iron and folic acid supplementation to the control group of pregnant women reported that the
hemoglobin level of intervention group pregnant women was significantly higher than that of iron
and folic acid groups, thus the study concluded that Spirulina is a good option to control iron
deficiency anemia and maternal mortality (Niang et al., 2017). Furthermore, studies conducted to
assess the impact of Spirulina supplementation on the nutritional status and health conditions of
human and animal subjects proved that Spirulina contains highly absorbable nutrients which can
improve the nutritional and health status of consumer (Marcel et al., 2011; Dixit, 2018; Yu et al.,
2018).

Liver nutrient content

The nutrient composition of liver samples collected from the control group mice was significantly
different from the test and standard group mice (p < 0.01). Liver samples collected from test and
standard group mice had significantly (p < 0.05) different for calcium, phosphorous, zinc and vitamin
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Bg concentrations but not for iron, vitamin A and vitamin B1> concentrations (p > 0.05). Even though
the nutrient composition of liver samples collected from test and standard group mice was almost
similar, the concentrations were higher for test group mice (Table 5). In a similar study, Madhubalaji
et al. (2019) reported concentrations of liver vitamin B, 4.94 and 3.89 ng g™* in rat fed with vitamin
B1. deficient diet supplemented with standard vitamin By, solution and Spirulina (32.5 g kg™),
respectively, the values were higher (3.33 ng g™) than the deficient group fed with vitamin B devoid
diet and lower (6.46 ng g*) than control group rats fed with the standard AIN-93 diet.

Conclusion: Given the higher bioavailability of nutritional supplements mixed into the standard diet,
the resemblance in nutrient absorption between test and standard diets revealed that Spirulina
platensis used to prepare the test diet also has higher nutrient bioavailability. The lower Phytate
concentration and the suitable mineral to mineral molar ratios in S. platensis could be the reason for
the higher nutrient absorption from the test diet.
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