
RESEARCH Open Access

Dietary supplementation effects of Chlorella
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Abstract

Background: Chlorella vulgaris (CV) is a natural source of functional antioxidants capable of protecting against
oxidative stress; its dietary supplementation in animals can serve as a way of improving animals’ performance and
productive output; on this background, the microalgae was supplemented to growing New Zealand white rabbits
and its effects on performances and oxidative stress status were evaluated.

Method: Thirty-five (35) 6-week-old New Zealand White rabbits (935.48 ± 5.92 g) were divided into five groups (n =
7 per group) in a completely randomized design experiment; rabbits in control groups were fed only commercial
rabbits feed, while rabbits in treatment groups were supplemented with 200, 300, 400, and 500 mg Chlorella
vulgaris biomass per kilogram of the body weight along with commercial rabbits feed daily. Feed intake and body
weight changes were recorded daily and weekly; at the end of the study, blood was collected and subjected to
chemical assays for evaluation of serum oxidative stress markers and antioxidant activities.

Results: Dietary supplementation of the microalgae significantly increased the rabbits’ growth weights (p < 0.01)
without significant increase or reduction in feed intakes (p < 0.56), but significantly enhanced feed to gain ratio.
The microalgae supplementation significantly protected the rabbits against oxidative stress damages through the
reduction of malondialdehyde concentrations (p < 0.001) and increased total antioxidant capacity (p < 0.003). It also
led to higher superoxide dismutase activity (p < 0.001), increased catalase activity (p < 0.003), and higher
concentration of reduced glutathione (p < 0.001).

Conclusion: It was concluded from outcomes of both performance and biochemical analysis of the rabbits that
daily supplementation of Chlorella vulgaris between 200 and 500 mg per kilogram of the body weight in
prepubertal rabbits significantly improved performances in forms of higher weight gains and enhanced feed
utilization; it also protected against oxidative stress damages hence it was recommended as dietary antioxidant
supplement for growing prepubertal rabbits.
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Background
Oxidative stress is a limiting biochemical mechanism en-
dogenously associated with electron leakage from elec-
tron transport chain during spontaneous oxidative
phosphorylation in the mitochondria; closely associated
with energy-demanding physiological activities such as
reproductive development (Aitken and Roman 2008).
Oxidative stress was reported to affect reproductive
development in mice model; a condition mediated by
hepatic dysfunction in the biosynthesis of cholesterol re-
quired for production of steroid hormones including the
sex hormones progesterone, estrogen, and testosterone
hence compromising endocrine system (Jin et al. 2011).
Therefore, the need for oxidative stress protection in
prepubertal rabbit is important strategy for ensuring
optimum reproductive development in rabbits meant for
commercial breeding and meat production.
Dietary antioxidant supplementation is a suggested

way out for mitigation of oxidative stress since it is a
process of imbalance between prooxidants and antioxi-
dants endogenously; therefore, additional external anti-
oxidants supply is capable of contributing to direct and
or indirect quenching of free radicals as a way of com-
plementing the primary antioxidant enzymes activities
(Wu et al. 2005). Some cultivated and wild plants, oil-
seeds, micro, and macroalgae are potent sources of these
antioxidant protection principles. Antioxidant enzyme
activities and accumulation of oxidative stress products
such as malondialdehyde, carbonylated proteins, and 4-
hydroxy-2-nonenal are generally used for evaluation of
oxidative stress severity status in animals and or man as
well as determining efficacy of dietary antioxidant sup-
plementation. Therefore, in this study Chlorella vulgaris
capacity was investigated because the microalga was re-
ported to contain carotenoids, polyphenols, vitamins,
and minerals with antioxidant functional properties.

Materials and methods
Animals and their management
Thirty-five (35) female 6-week-old New Zealand white
rabbits obtained from Biogen Biotechnology (Pvt.) Ltd.,
India, was used for this study; the animals were divided
into five groups (n = 7 per group) in a completely ran-
domized design experiment; they were intensively
housed in cages installed with feeders and automatic
drinkers. Commercial pelletized rabbit feed (Krishna
Valley Agrotech LLP; India) and water were provided ad
libitum to all the rabbits, but in addition, rabbits in
treatment groups were supplemented with 200, 300, 400,
and 500 mg Chlorella vulgaris biomass per kilogram of
the body weight daily; the nutrient composition of the
basal feed is presented in Table 1. The experiment took
place at Experimental Livestock Unit (ELU) of ICAR—
National Institute of Animal Nutrition and Physiology,

Bengaluru, India. Animal experimentation protocol ap-
proval was obtained from the Institutional Animal Ethics
Committee (IAEC) of the institute.

Lipid peroxidation assay
Lipid peroxidation assay protocol involving the determin-
ation of malondialdehyde (MDA) formation in the serum
of the experimental animals was used in this study. Frozen
serum earlier obtained from each animal stored at – 22 oC
were allowed to thaw overnight at 4 oC before used for
the analysis. Briefly, 200 μL serum sample added with a
complex of sodium-n-dodecyl (8.1 %), acetic acid (20 %),
and thiobarbituric acid (0.8 %) then boiled at 95 oC in
water bath for 60min (Ohkawa et al. 1979). The com-
plexes after boiling were cooled in tap water and the floc-
culent precipitates were removed by centrifugation at
3500 rpm for 15min (REMI Laboratory Instruments,
India). Absorbance reading of the supernatant was mea-
sured at 532 nm against blank which contains all the re-
agents without the serum samples using UV/Vis
spectrophotometer (Biochrom Libra S32, UK). The con-
centration of malondialdehyde of the samples was calcu-
lated using its molar extinction coefficient.

Total antioxidant capacities assay
Total antioxidant assay based redox activities of iron (III)
to iron (II) at low pH was used in this study; a working
chemical assay containing 25mL sodium acetate buffer
(300mM, pH 3.6), 2.5 mL of 10mM 2,4,6-Tri-(2 pyridyl)-
s-trizine prepared in 40mM HCl, and 2.5mL Ferric chlor-
ide (20mM prepared in distilled water) was prepared as
described by Benzie and Strain (1996). Then, the reaction
mixture comprising 50 μL of each sample and 200 μL of
the working solution was incubated for 30min at 37 oC
(Labnet Inc., USA) after which the absorbance was mea-
sured at 493 nm using microplate reader. Ascorbic acid
was used as standard for calculating antioxidant power as-
sociated with color changes and reduction of Fe3+ to Fe2+;
total antioxidant concentration was expressed as micro-
mole per milliliter of each sample.

Table 1 Chemical and nutritional composition of commercial
basal feed fed to the rabbits

Parameters Amount Unit

Dry matter 90.89 % dry matter

Crude protein 18.55 %

Total ash 7.90 %

Metabolizable energy 2700 kcal/kg

Crude fiber 9.73 %

Ether extract 2.99 %

Source: Laboratory analysis
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Antioxidant enzyme activities
Antioxidant enzymes including superoxide dismutase,
catalase, glutathione, and reductase were determined;
catalase activities in U/mL were determined using quan-
tity of hydrogen peroxide H2O2 degraded by catalase per
minute in the serum (Goth 1991; Guvvala et al. 2017).
Twenty microliters of serum sample from each animal in
triplicates were added with 880 μl phosphate buffer (pH
7.0) and 100 μL H2O2 then mix properly after which ab-
sorbance reading was taking at 240 nm using UV/Vis
spectrophotometer (Biochrom Libra S32, UK); reduction
in absorbance reading against blank containing only the
phosphate buffer and H2O2 for 3 min per sample was re-
corded and used for calculation of the catalase activities.
Superoxide dismutase capacity was determined on

principle involving autooxidation of pyrogallol in the pres-
ence of DEPTA (diethylenetriaminepentaacetic acid) at the
pH 8.5 by 50%; a principle established and verified by
Marklund and Marklund (1974); in this study, the protocol
as modified by Guvvala et al. (2017) was adopted. Briefly,
there was the kinetic measurement of changes in reaction
mixture which contained 950 μL of Tris cacodylate buffer,
50 μL serum sample, and 10 μL pyrogallol solution pre-
pared in 10mM HCl at 420 nm. Absorbance changes of
the reaction mixture measured against blank containing the
reagents without serum sample for 3min observed every
30 s was recorded and used for calculation of the enzyme
activities expressed as U/mL of serum.
Glutathione activity was evaluated based on glutathi-

one reductase activities using a chemical assay protocol
of Carlberg and Mannervik (1975). The reaction mixture
of each test sample contained potassium phosphate
buffer (0.2 M), 20 mM glutathione substrate solution
(GSSG), 2 mM β–NADPH prepared in Tris-HCl, and
the 50 μL of serum sample. In a 5-min reaction at ab-
sorbance of 340 nm changes at every 30 s recorded were
used to quantify amount of reduced glutathione formed
from NADP from reduction of GSSG in a reaction cata-
lyzed by glutathione reductase (Mateen et al. 2016).

Results
Obtained data were subjected to a one-way analysis of
variance (ANOVA) in SPSS version 20.0 (IBM Corpor-
ation, USA). Significant differences among the means
were determined at p < 0.05 while means separation was
done using the Duncan test in the software post hoc
tools, and results are presented as mean ± SEM for each
of the parameters. There was no significant difference in
the initial body weights of the rabbits; mean initial body
weight was 935.48 ± 5.92 g (p < 0.08), while minimum
and maximum initial body weights were 824.00 and
994.00 g, respectively. However, there was significant dif-
ference in final bodyweight of the rabbits; mean final
body weight was 2092.03 ± 20.74 g (p < 0.01), while

minimum and maximum final body weights of the rab-
bits were 1691.80 and 2440 g, respectively. The rabbits
in the treatment groups have significantly higher final
body weight compared with control (Table 2).
Furthermore, there was no significant difference in

feed intake, but the control group has highest feed in-
take; mean feed intake was 5902.84 ± 116.66 g (p <
0.56), while minimum and maximum feed intakes were
1801.35 and 6532.40 g, respectively. However, there was
a significant difference in the rabbits’ weight gain; mean
weight gain was 1156.56 ± 22.54 g (p < 0.003), while
minimum and maximum weight gains were 776.80 and
1535.80 g, respectively. There was also significant differ-
ence in feed conversion ratio; mean feed conversion ra-
tio was 5.2 ± 0.01 (p < 0.003). Although there was no
difference in feed intakes rabbits in treatment groups
have higher weight gains and better feed conversion ra-
tios compared with control group (Fig. 1).
There was also a significant difference in the oxidative

stress status of the rabbits as revealed by concentrations
of the malondialdehyde and total antioxidant capacity of
the serum. Mean malondialdehyde concentration was
11.62 ± 2.03 nmol/mL (p < 0.001), while minimum and
maximum concentrations of malondialdehyde were 4.52
and 38.06 nmol/mL, respectively. Similarly, there was
significant difference in total antioxidant capacities of
the rabbits’ serum; mean antioxidant capacity was 10.00
± 2.24 μmol/mL (p < 0.003), while minimum and max-
imum antioxidant capacities were 10.32 and 51.65 μmol/
mL, respectively. There was higher level of oxidative
stress in the control group compared with treatment
groups as revealed in the levels of lipid peroxidation
marker and antioxidant capacities; as the microalgae bio-
mass increases, there was reduction in lipid peroxida-
tion, while total antioxidant capacity increases (Fig. 2).
In addition, there were significant differences in activ-

ities of antioxidant enzymes of the rabbit’s serum; super-
oxide dismutase enzyme activity was 79.42 ± 5.47 U/mL
(p < 0.001) while minimum and maximum activities were
28.67 and 110.08 U/mL, respectively. There was also a sig-
nificant difference in activities of catalase; mean activity
was 28.88 ± 3.38 U/mL (p < 0.003) while minimum and
maximum were 8.26 and 60.55 U/mL, respectively. There
was also a significant difference in glutathione enzymes;
mean concentration of reduced glutathione formed was
32.80 ± 2.04 μmol/mL (p < 0.001), while minimum and
maximum were 11.90 and 35.37 μmol/mL, respectively.
These results also indicated that antioxidant activities
were higher in the treatment groups compared with con-
trol (Table 3).

Discussion
Oxidative stress negatively affects growth performance,
nutrients absorption, and efficiency of feeds utilization
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in animals; it is a biochemical phenomenon capable of
limiting performances and also suppresses immune func-
tion thereby compromising animal performance. Lipid
peroxidation is identified as major mechanism through
which oxidative stress compromise performance because
it is a biological mechanism capable of reducing antioxi-
dant protective system and reduced absorptive capacity of
feeds nutrients (Yuan et al. 2007; Kassahn et al. 2009).
Oxidative stress scenario is a complex phenomenon be-
cause it is almost inevitable is growing and producing ani-
mals; therefore, supplementation of antioxidants for its
management as demonstrated in this study is required.
Supplementation of microalgae Chlorella vulgaris in this
study led to improved antioxidant enzyme activities in the
treatment groups compared with control which corre-
sponded with reduced oxidative stress as indicated by con-
centration of malondialdehyde formation in the treatment
groups compared with control.
The supplementation of the experimental diets irre-

spective of the quantities per kilogram of the body weight
significantly prevented the formation of malondialdehyde

(MDA) which is an indication that the supplementation
prevented lipid peroxidation. Prevention of lipid peroxida-
tion contributed to enhanced feed utilization which was
why there were better feed conversion ratio and weight
gain in the treatment groups compared with control. The
improvement in efficiency of feed utilization and weight
gain supported previous reports which indicated that the
microalgal is a growth promoter.
This was reported according to Yan et al. (2012) who

supplemented Chlorella vulgaris to growing pigs, and it
was discovered that the microalga positively influenced
weight gain in supplemented groups compared with con-
trol. Bioactive compounds including S-nucleotide adenosyl
peptide complex, polysaccharides, and phenolic compounds
present in abundance in the microalga could be responsible
for the growth promotion (Kay and Barton 1991). In
addition to direct effects of these compounds in growth
promotion, increased antioxidant protection which is a de-
termining factor of immune regulation could be responsible
for the growth promotion as recorded because according to
earlier studies on the microalgae; its supplementation

Table 2 Effect of Chlorella vulgaris supplementation on performances of the rabbits

Parameters Control T1 T2 T3 T4 SEM p value

Initial weight (g) 957.50 920.77 925.75 953.87 919.50 5.92 0.08

Final weight (g) 1960.85b 2143.72a 2080.28a 2110.90a 2092.03a 20.74 0.01

Weight gain (g) 1003.35b 1222.95a 1154.52a 1157.02a 1244.92a 22.54 0.003

Feed intakes (g) 6084.36 5708.25 6069.12 6048.34 5604.14 116.66 0.56

Feed conversion ratio 6.12b 4.82a 5.27a 5.24a 4.52a 0.14 0.003

Means with different superscript letters along the rows are significantly different (p < 0.05) for each of the parameters measured. Control—no supplementation,
T1—group supplemented with 200 mg Chlorella vulgaris biomass, T2—group supplemented with 300 mg Chlorella vulgaris biomass, T3—group supplemented
with 400 mg Chlorella vulgaris biomass, and T4—group supplemented with 500 mg Chlorella vulgaris biomass

Fig. 1 Comparative effect of Chlorella vulgaris on feed use efficiency of the rabbits (*p < 0.05). Control—no supplementation, T1—group
supplemented with 200mg Chlorella vulgaris biomass, T2—group supplemented with 300 mg Chlorella vulgaris biomass, T3—group
supplemented with 400mg Chlorella vulgaris biomass, and T4—group supplemented with 500mg Chlorella vulgaris biomass
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increases concentration of probiotics in the intestinal tracts
of animals, hence it leads to optimally utilization of
absorbed nutrients intake and enhanced immunity (Janczyk
et al. 2009).
In addition to these nutrition-related performance

mechanisms, the microalgal was also reported with cap-
acity for suppression of pathogenic bacteria in animals
(Rania and Hala 2008). Juxtaposing these with outcomes
of this study as regards the enhanced feed utilization, it
can be concluded that the supplementation improved ef-
ficiency of feed intake utilization and there is growth-
promoting principles in the microalgae, rather than bulk
feeding of the algae; its supplementations at minimal of
200 mg and optimum of 500mg per kilogram BW of
rabbits at pre-pubertal stage can improve productivity.
In agreement with these observations, a study explor-

ing supplementation effects of Spirulina—similar micro-
algae like Chlorella vulgaris by Heidarpour et al. (2011)
also reported that supplementation of microalgae rather
bulk feeding contributed to the growth rate in Holstein’s
calves and the authors suggested exploration of bioactive

compounds in algae as functional nutrients for livestock
productivity improvement. Furthermore, Chlorella vul-
garis was identified as a natural growth promoter with
excellent potential for accelerating growth rates in ani-
mals (Grinstead et al. 2000).
Similarly, in agreement with this present study, An et al.

(2016), also reported that supplementation of dried Chlor-
ella vulgaris powder not only significantly increased
growth rates, but also increase final weight gain in broilers
chicken compared with control unsupplemented group.
The agreement between this report and the outcomes of
this study indicated that absorptive efficiency of feed sig-
nificantly improved in the rabbit which is also a caeca fer-
menter like chicken. Therefore, it is justified to state that
microalgae Chlorella vulgaris is suitable natural source of
growth promotion, immune-boosting, tissue rebuilding,
and antioxidant protection in animals (Guzmán et al.
2003). These are demonstrated in this present study via
improved antioxidant which is a functional effect of the
microalgae, and it is in agreement with earlier reports in
application of the microalgae. This study also showed that

Fig. 2 Comparative effect of Chlorella vulgaris on lipid peroxidation and total antioxidant capacity of the rabbits (*p < 0.05). Control—no
supplementation, T1—group supplemented with 200mg Chlorella vulgaris biomass, T2—group supplemented with 300mg Chlorella vulgaris
biomass, T3—group supplemented with 400mg Chlorella vulgaris biomass, and T4—group supplemented with 500mg Chlorella vulgaris biomass

Table 3 Effect of Chlorella vulgaris supplementation on serum oxidative stress status of the rabbits

Parameters Control T1 T2 T3 T4 SEM p value

Malondialdehyde (nmol/mL) 27.95a 7.39b 6.96b 9.78b 6.02b 2.03 0.001

Total antioxidant (μmol/mL) 12.04a 24.75b 26.64bc 24.78b 36.38c 2.24 0.003

Catalase activity (U/mL) 11.05a 32.45b 27.01b 25.39b 48.50c 3.38 0.001

Superoxide dismutase (U/mL) 33.66a 84.21bc 77.28b 88.63bc 98.31c 5.48 0.001

Reduced glutathione (μmol/mL) 21.06a 39.82b 30.74b 36.48b 36.04b 2.04 0.010

Means with different superscript letters along the rows are significantly different (p < 0.05) for each of the parameters measured. Control—no supplementation,
T1—group supplemented with 200 mg Chlorella vulgaris biomass, T2—group supplemented with 300 mg Chlorella vulgaris biomass, T3—group supplemented
with 400 mg Chlorella vulgaris biomass, and T4—group supplemented with 500 mg Chlorella vulgaris biomass
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supplementation of microalgal Chlorella vulgaris signifi-
cantly suppressed generation of malondialdehyde in the
treatment groups with corresponding elevated antioxidant
enzyme activities. This is an indication that reproductive
development and growth of the rabbit is a source of stress
because since the animals were at prepubertal stage, their
rigorous growing and development of reproductive system
are source of oxidative stress (Agarwal et al. 2012).
It is evident that the growth and development of the

reproductive system cause oxidative stress damages
because absence of exogenous antioxidants supplemen-
tation in the control groups could be the reason for oxi-
dative stress increase as result of reduced antioxidant
enzymes, reduced total antioxidant capacities and higher
concentration of oxidative stress marker malondialde-
hyde. This submission agreed with reports of increasing
lipid peroxidation effect is reproductive development at
prepubertal stage usually associated with decreased anti-
oxidant enzyme activities because severe state of lipid
peroxidation process is a major indicator of oxidative
stress damage at prepubertal period (Kolesnikova et al.
2015).
Similarly, in a chemical-induced oxidative stress dam-

ages in prepubertal rat model, higher concentration of
malondialdehyde with corresponding lower antioxidant
enzyme activities as well as reproductive dysfunction in-
cluding alterations in serum steroid hormone levels, dis-
ruptions of spermatogenesis, and loss of fertility (Cattani
et al. 2013). In prepubertal male rabbits, lipid peroxida-
tion was also reported to correspond with reduced anti-
oxidant enzyme activities as well as causes negative effects
on spermatogenesis reduced concertation (García-Tomás
et al. 2010). However, in this study, it was demonstrated
that even in an un-induced condition, there is a natural
possibility of oxidative stress complications in actively
growing rabbits at prepubertal stage due to free radical
generation and a risk factor steroidal maturation and de-
velopment of reproductive tissues (Fujii et al. 2005).
Earlier studies exploring Chlorella vulgaris as a source

of protein for animals concluded with some shortcom-
ings such as lack of significant differences in growth,
digestibility, and high cost of feeding because of the ex-
pensiveness of the microalgae. Therefore, as solution
and alternative route of utilization, this present study
agreed with exploitation of functional health and physio-
logical properties of the microalgal for promotion of ani-
mal production and health (Azizzat et al. 2010). Beyond
amelioration of stress-associated growth and perform-
ance, supplementation of Chlorella vulgaris could con-
tribute to improved physiological functions of the brain
and hypothalamus axis, thereby leading to improved
reproduction (Queiroz et al. 2016); supplementation of
Chlorella vulgaris was also reported to protect against
chemical cadmium toxicity via its detoxification in rat

model (Kim et al. 2009; Elsheikh et al. 2018); it was also
reported for testicular protection against lead toxicity in
Nile tilapia according to reports of Zahran and Risha
(2014).

Conclusions
The microalga was also reported for improvement of di-
gestive tract health in piglets according to reports of Fur-
beyre et al. (2018) which could be the reasons why the
rabbit supplemented had higher growth rate and better
feed utilization because of the microalgae effects on the
microbiome, digestive enzymatic activities, and nutrient
absorption. Building on these health and physiological
benefits, this present study filled the knowledge gap left in
previous studies with Chlorella vulgaris which by focusing
on minimal and optimum amount of the microalga re-
quired for attenuation of oxidative stress for improved
performances. Upon these findings, study finally submit
that Chlorella vulgaris biomass supplementation as tested
in this study in prepubertal rabbits at minimal of 200mg
and optimal of 500mg per kilogram body weight are
capable of attenuating oxidative stress via prevention of
malondialdehyde generation, increase total antioxidant
capacity, and improve activities of primary endogenous
antioxidant system all leading to improved production
performances of rabbits.
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