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Abstract. This study was performed to determine the efficacy of three immunomodulators viz., algae,
fungi and herb on hematology, an innate immune response of Nile tilapia, Oreochromis niloticus. Tilapias
were divided into 4 groups and each group was fed with diets supplemented with or without
immunostimulant for 30 days. Red blood cells (RBC), white blood cells (WBC), hematocrit, and
hemoglobin, the non-specific cellular (phagocytic capacity and respiratory burst activity) responses were
determined and compared with control (no supplement) after 30 days of feeding. The results of 30 days
feeding trial showed that fungi supplementation significantly enhanced tilapia growth. Variation in the
levels of responses was evident among different supplements. Compared with algae or herb, fungi could
maintain the immunity of tilapia at a higher level during the experimental period. However, continuously
applying fungi, algae or herb into the diet caused immunity fatigue in tilapia. After feeding for 30 days
the experimental groups significantly (P<0.05) enhanced hematocrit, white blood cell counts, and red
blood cell counts. Respiratory burst activity, phagocytic activity, and hemoglobin were none significantly
(P>0.05) changed during the whole experiment. After 30 days of feeding, fish were injected
intraperitoneally with 100 uL of Streptococcus agalactiae (7x107 colonies forming unit). The cumulative
mortality was 73.33%, 64.44% and 51.11% in fish receiving diets supplemented with 20 mL kg™ fungi, 8
g kg algae and 0.3 g kg herb, respectively, compared to 35.56% mortality in the control group.
Especially supplementation with fungi to the tilapia for 30 days showed considerable improvement in the
growth, survival and immune response of the tilapia.
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Introduction. Outbreaks of Streptococcal diseases are being increasingly recognized as
a significant constraint in aquaculture production. Streptococcosis can cause mass
mortality in tilapia. Previous studies showed that algae, fungi, and herbs are successfully
used in fish culture. The use of immunostimulants has increased due to increased
incidence of pathogenicity in aquaculture production. In this study, three
immunostimulants, Gracilaria verrucosa, Nodulisporium sp. KT29, and Anredera cordifolia
were chosen for the experiments. Various supplementation of G. verrucosa,
Nodulisporium sp. KT29 and A. cordifolia have been used as an immunostimulant and
there are many reports supporting (Kanjana et al 2011; Wahjuningrum et al 2016; Sari
et al 2015). Bansemir et al 2006 reported that Gracilaria species contain antiviral,
antifungal compounds and also has antibacterial activities. Whereas A. cordifolia contains
alkaloids, flavonoids, phenols, steroids and essential oils (Astuti et al 2011; Citarasu
2010). Yuliani et al (2012) reported that the binahong leaf has formulated in wound
healing gel. Flavonoids protect cells from oxidative damage and have immunostimulatory
properties. The antioxidant effects of many components have been reported to activate
the fish immune system, according Saputra et al (2016b) Nodulisporium sp. KT29
contained phytocemical compounds such as saponin, polyphenol, phytosterol and pB-
Glucan for bioactive compound which is composed of a heterogeneous group of glucose
polysaccharides that are connected by B glycosidic bonds or D-glucose molecules which
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are repetitively linked at a specific position. These complex carbohydrates also have
branching glucose side-chains and are found in plants, algae, fungi and some bacteria
where they are a major structural component of the cell wall. B glucan forms derived
from yeast mainly comprise D glucose units with b-1.3-linkages and side-chains of D-
glucose at position six. These homopolysaccharides are denominated as [(-1.3/1.6-
glucans and have been shown to reduce the susceptibility to infection (Dalmo & Bogwald
2008; Chen & Seviour 2007). B-1.3-glucan is known to have a potent stimulatory effect
on the immune system of fish.

The resistance conferred by flavonoid and B-glucans against pathogens has been
reported in several fish species. In general, the protective activities induced by flavonoid
and B-glucans in fish include an increase in the nhumber of immune parameters such as
number of leucocytes, phagocytic activity and also macrophage bactericidal activity.
Therefore, this study aimed to determine the efficacy of three immunomodulators viz.,
algae, fungi and herb on haematology, an innate immune response of Nile tilapia,
Oreochromis niloticus.

Material and Method

Preparation of G. verucossa powder. The G. verrucosa used were obtained from
Muara gembong west java, which was dried in an oven at 40°C. Dried leaves were
grinded and sieved to produce G. verrucosa powder.

The preparation of Nodulisporium sp. KT29 metabolites induced by killed Vibrio
harveyi cells. Nodulisporium sp. KT29 isolate was rejuvenated on Potato Dextrose Agar
(PDA) for seven days. V. harveyi was cultured for 18 hours (108 CFU mL™) on SWC broth
medium and shaked at 160 rpm for 18 hours. Before Nodulisporium sp. KT29 was
induced by killed V. harveyi cells (Nodulisporium sp. KT29 + 5% (12.5 mL) V. harveyi
was sterilized using autoclave (temperature 121°C). The mass culture was carried out by
taking 5% mold inoculum from pre-culture medium then transferred into 250 mL PDB
medium and incubated (shaked at 120 rpm) during 14 days. Harvesting was done by
filtration using Whatmann filter paper to separate mycelia and culture broth. The
evaporated metabolites were then added to the feed.

Preparation of binahong leaf powder. The binahong (A. cordifolia) leaves used were
obtained from Bogor, West Java, which was dried in an oven at 40°C. Dried leaves were
grinded and sieved to produce binahong leaf powder.

Feed preparation. The feed used was commercial feed that was treated by the addition
of G. verrucosa 8 g kg, Nodulisporium sp. KT29 metabolites 20 mL kg™, binahong leaf
powder (A. cordifolia) 0.3 g kg'. Commercial feed (26-28% protein content) was re-
pelleted and was added with 0.1% vitamin C and 30 g kg! of feed carboxyl methyl
cellulose as a binder for control. The treatment feed was a commercial feed, which was
repelleted and supplemented with 0.1% vitamin C, CMC 30 g kg!, alga, fungi, and herb.
The feeds were treated as follows:
Control: Commercial Feed + 0 g kg™ of feed treatment (control)
Alga : Commercial Feed + 8 g kg™ of feed treatment G. verrucosa
Fungi : Commercial Feed + 20 mL kg™ of feed treatment Nodulisporium sp.

KT29 metabolites
Herb : Commercial Feed + 0.3 g kg™ of feed treatment binahong leaf powder

(A. cordifolia)

Experimental design. The experiment was performed on healthy tilapia fish (O.
niloticus) cultured for 30 days in ponds (2x1x1.5 m) with the mean weight of 2.95+0.13
g. The fish were produced at Bogor Agricultural University, Faculty of Fisheries,
Department of Aquaculture in Indonesia. Before the experiment started, the fish were fed
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a diet containing 8 g kg! algae (G. verrucosa), 20 mL kg fungi (Nodulisporium sp.
KT29) and 0.3 g kg™ herb (A. cordifolia). During the experiment, water properties were
measured daily with the following values obtained: temperature 26-28°C, pH 6.2-7.29,
and dissolved oxygen 6.8-7.7 mg L. Five experimental diets were formulated for the
fish. Three of them contained algae, fungi and herb. The control group was without
supplementation with algae, fungi or herb. The feed was produced with a standard
pelleting machine. Fish were fed ad satiation x 3 a day at 9:00, 13:00 and 17:00 h for
30 days.

After 30 days, the fish were randomly divided into 15 glass aquaria with 15 fish
per aquaria and equipped with aeration system. The Streptococcus agalactiae strain was
originally isolated from infected O. niloticus. The seven day LDsy was determined by
intraperitoneal injection of 50 fish with graded doses of S. agalactiae (10, 10°, 10°, 10’
and 10® CFU/fish) at 24°C, and the result showed that the LDs, on day 14 was 10’
CFU/fish. Challenge tests were conducted in triplicate with 15 fish per replicate. Each fish
was injected intraperitoneally with 0.1 mL phosphate buffered saline (PBS) for negative
control, for positive control and other experimental injected intraperitoneally with 0.1 mL
containing live streptococcus. The fish were then kept in separate 63 L glass aquaria (15
fish each). A total of 225 fish (45x5) were used for the study. Commercial feed was
given to the animals during the test. O. niloticus was observed for the presence of
disease manifested. Mortality of fish in each tank was observed over 14 days, and the
average of the triplicate tanks was used to express cumulative mortality.

Data collection. At the termination of the experiment, the fish have fasted for 24 h
before harvest. The total number was counted and mean body weight of fish was
measured. Based on recording the weight of each fish and counting the number of tilapia,
specific growth rate (SGR) (Guo et al 2012), feed conversion ratio (FCR) (Huisman 1987)
and survival rate (Goddard 1996) was determined. For hematology assays such as red
blood cells (RBC, 10° mm?®), white blood cells (WBC, 10* mm?), hematocrit (Hc, %) and
hemoglobin (Hb, g dL™') were determined using standard methods according to Blaxhall &
Daisley (1973), Siwicki et al (1994) and Wedemeyer & Yasutake (1977). Immunological
assays such as phagocytic activity were estimated using the modified method of Siwicki
et al (1994). The respiratory burst activity of the phagocytes was carried out by nitroblue
tetrazolium following the method of Siwicki et al (1994). The absorbance at 630 nm was
measured with a Model Multiskan spectrum using KOH/DMSO alone as a blank.

Statistical analysis. All data were subjected to one-way ANOVA (analysis of variance)
using SPSS 16.0 for Windows. Differences between the means were tested by Duncan
multiple range tests. The level of significance was chosen at P<0.05 and the results are
presented as means+S.E.M. (standard error of the mean).

Results and Discussion

Growth parameters. After the 30 day feeding period, O. niloticus fed the diets
supplemented with immunostimulants tended to have better growth performance (Table
1). Fish supplemented with fungi showed the highest final weight (P<0.05) and SGR in
comparison with the algae or herb and control group (P>0.05). However, there were no
differences among fish fed fungi, algae and herb. Feed conversion ratio (FCR) values
were not significantly (P>0.05) affected by the diets supplemented with
immunostimulants, although fish fed the diets supplemented with fungi had the highest
numerical values. The mortality of fish fed diet supplemented with algae, fungi, herb was
higher than that of fish fed ordinary control feed. Similarly, no significant difference
(P>0.05) was observed in survival.
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Table 1
Growth response and survival of Oreochromis niloticus fed the three immunostimulants at
the end of 30 days of feeding trial (means = S.E.M)

Parameters Control Algae Fungi Herb
Initial weight (g) 3.02+0.16 3.01+0.03 3.02+0.03 3.00+0.08
Final weight (g) 5.74+0.06° 6.27+0.03° 7.22+0.47°¢ 6.63%£0.17°

SGR (%day™) 2.18+0.05° 2.47+0.04° 2.94+0.25° 2.68+0.05°
FCR 2.29+0.09° 1.94+0.11° 1.58+0.13°¢ 1.90+0.04°
Survival (%) 89+5.3 95+1 97.67+1.53 94.67+2.52

Means+S.E.M having the different letter in the same row are significantly different at P<0.05.

According to Olivier et al (1986), there are alternative strategies to vaccination and uses
of antibiotics which are represent by applications of various immunostimulatory
substances as dietary supplements. Even though is known about the mechanism of their
action in fish, some of them appear to enhance the non-specific killing of pathogenic
microbes. The present study showed that growth was significantly increased by feeding
dietary fungi supplementation, whereas algae or herb supplementation did not affect the
growth of the O. niloticus. Growth-enhancing effects of fungi have been reported earlier
in shrimps. These results are in accord with previous studies which demonstrated that
the application of fungi improves growth rates of shrimp (Saputra et al 2016a;
Wahjuningrum et al 2016). Whereas, feeding dietary algae supplementation on growth
have been evaluated with varied results. A similar result for algae was obtained by
Peixoto et al (2017), who found that dietary supplementation of Gracilaria sp. showed no
differences between groups of dietary treatment into Dicentrarchus labrax diets. This
immunostimulant may contain a compound with anti-nutritional effects. However, the
effect of algae supplementation on growth was negative.

The results showed final weight and SGR of O. niloticus within fungi treatment was
better when compared with other treatments. Van Hai & Fotedar (2009) reported that -
glucan on Penaeus lasticulatus prawn caused the structure of intestinal surface becoming
wider so that the absorption of nutrient feed becomes higher and shrimp growth rate was
better. In the present study, might be a possible reason for the improved digestion and
absorption, as shown by feed efficiency ratio and protein gain results in the fish fed diet
supplemented with Nodulisporium sp. KT29. According to Lopez et al (2003) B-glucan
was degraded by glucanases in the digestive gland, which function to produce energy,
therefore protein is used more optimally for growth.

Haematology assays. After 30 days of feeding total red blood count (RBC) in fish fed
diets with fungi and herb were significantly higher than of the control group and that of
algae feeding group. The RBC of the fungi supplemented group was significantly higher
compared with algae or herb supplementation throughout the experimental time
(P<0.05). Total RBC started to decrease after injection with S. agalactiae. Figure 1 show,
that fungi supplementation produced significantly higher RBC compared with algae or
herb supplementation (P<0.05) after 7 days of injection and 10 days of injection. On the
other hand, on day 7 and 10 post-challenge hemoglobin level with fungi and algae were
significantly higher compared with herb (P<0.05) (Figure 2). The highest hematocrit level
was significantly different (p<0.05) between three supplemented diets and control
(Figure 3).

The administration of the three treatments influenced the hematological
parameters of the fish, especially after the challenge test, in which there were
fluctuations of hematological parameters including hemoglobin level, hematocrit level,
and red blood count (RBC). In our experiment, feeding dietary fungi supplementation
showed the highest hemoglobin level, hematocrit level, red blood count (RBC) before the
challenge test. On day 7 post-challenge test of hemoglobin level, hematocrit level, and
erythrocytes count decreased then increased again on day 10 post-challenge test. The
decreased RBC, hemoglobin level, and hematocrit level after challenge suggested that
anemia in fish, can be known from Hc value. According to Clauss et al (2008), if the
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value of Hc is below 20% then it can be considered the occurrence of anemia in Teleostei.
Streptococcosis in fish caused by S. agalactiae causes septicemia and
meningoencephalitis (Mian et al 2009). Septicemic organs are eyes, brain, and kidneys
(Abdullah et al 2013), so decreasing in the number of erythrocytes and fluctuations in
hemoglobin level and hematocrit level values is caused by the damage of kidneys causing
disturbed blood production.
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Figure 1. The red blood count of Oreochromis niloticus fed the three immunostimulants at
the end of 30 days of the feeding trial, 7 days of injection and 10 days of injection.
Absence of letters indicates significant difference between treatments (P<0.05).
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Figure 2. Hemoglobin level of Oreochromis niloticus fed the three immunostimulants at
the end of 30 days of the feeding trial, 7 days of injection and 10 days of injection.
Absence of letters indicates significant difference between treatments P<0.05).
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Figure 3. Hematocrit level of Oreochromis niloticus fed the three immunostimulants at
the end of 30 days of the feeding trial, 7 days of injection and 10 days of injection.
Absence of letters indicates significant difference between treatments (P<0.05).
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Immunological assays. The total white blood counts (WBC) in fish fed the three
immunostimulants supplemented diets were significantly higher than in the control group
(P<0.05) after 30 days of feeding. However, the WBC increased after 7 days injection
with S. agalactiae. Figure 4 show that WBC after 7 days injection was significantly
increased (P<0.05), the benefit for WBC was obtained with immunostimulant
supplemented diet during the early stage (after 30 days) of the feeding.

The respiratory burst activity of the phagocytes in algae, fungi groups increased
significantly (P<0.05) relative to that of control and herb after 7 days of injection, and
the respiratory burst activity in fungi groups was higher (P<0.05) than that of algae and
herb groups (Figure 5). There was no significant difference in respiratory burst activity
and phagocytic capacity at the end of 30 days of feeding trial before bacteria injection.
However, the maximum activities of phagocytic capacity were observed after 7 days
injection. There are differences among the three treatments either algae, fungi or herb.
Algae and fungi supplemented diets showed significantly higher phagocytosis activity
than the herb group (P<0.05) (Figure 6).

Phagocytic cells are cellular components of innate immunity that represents various
types such as the evolutionarily ancient macrophages, and natural killer (NK) cells
(Vetvicka et al 2013). According to Mac Arthur & Fletcher (1985), the most important
cellular components of the innate immune system of fish are phagocytic cells. Its produce
toxic oxygen forms during a process called respiratory burst (Neumann et al 2001).
Increasing respiratory burst activities in all treated was measured while 7 days post
challenge, that indicates bacterial pathogen killing activity by phagocytes and hence a
better immunity (Kumar et al 2011).
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Figure 4. The white blood count of Oreochromis niloticus fed the three immunostimulants
at the end of 30 days of the feeding trial, 7 days of injection and 10 days of injection.
Absence of letters indicates significant difference between treatments (P<0.05).
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Figure 5. Respiratory burst activity of Oreochromis niloticus fed the three
immunostimulants at the end of 30 days of the feeding trial, 7 days of injection and 10
days of injection. Different letter indicate significan different (p<0.05) and the same
letter indicate are not significant different (p>0.05).
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Figure 6. Phagocytosis activity of Oreochromis niloticus fed the three immunostimulants
at the end of 30 days of the feeding trial, 7 days of injection and 10 days of injection.

Table 2 showed that feeding dietary algae, fungi, and herb supplementation can be
improved the resistance to pathogens compared to control. Three immunostimulants
such as algae, fungi and herb has been used to enhance innate immunity and improve
resistance to pathogens in shrimp and other fish species. The survival rate parameter in
the immonostimulant treatments (algae, fungi and herb) showed higher values than that
of control. In this study, compared with two other immunostimulants, feeding dietary
fungi by using marine fungal Nodulisporium sp. KT29 metabolites improved the
production performance. However, the comparative efficacy of these immunostimulants
widely studied substances on the non-specific immunity of fish has been attempted first
time in O. niloticus. This study confirmed parameters of innate immunity studied, each
substance showed maximum efficacy for each parameter. It was indicated that non-
specific humoral and cellular responses show differential specificity to a given
immunomodulatory substance.

Table 2

Total survival rate (%) 20 days after challenge with Streptococcus agalactiae in
Oreochromis niloticus fed with three immunostimulants supplemented diets

Treatment Survival rate (%)
Positive control 35.56¢
Negative control 93.33%

Algae 64.44°¢
Fungi 73.33°
Herbal 51.11

Data are Means £ S.E.M from 36 tilapia. Values with different superscripts are significantly different at P<0.05.

The inclusion of the three immunostimulants into the diets had effect on the immunity of
tilapia. Similar results were also reported in Pacific white shrimp (Zahra et al 2017;
Saputra et al 2016b), Penaeus monodon (Utomo et al 2015), the different types of
immunostimulants also have different effect response and different efficacy among
species or within species. Among the immunostimulants studied, fungi showed better
immune activity compared with other immunostimulants. The result showed that marine
fungal was the most effective one in enhancing innate immune response of O. niloticus.
The improved resistance of O. niloticus after challenge may be partly attributable to the
increased respiratory burst and phagocytosis activity of O. niloticus compared to the
control. Therefore, the findings indicated that the increased resistance to S. agalactiae of
O. niloticus was related to the enhanced immune status. More studies are needed in
order to find out the mechanism.

Conclusions. In conclusion, the result of our study provided substantiation that dietary
algae, fungi and herb supplementation could significantly enhance the non-specific
immunity of O. niloticus through improvement of various immune parameters such as

AACL Bioflux, 2018, Volume 11, Issue 4. 1374
http://www.bioflux.com.ro/aacl



WBC, respiratory burst activity, and phagocytic activity of blood phagocytes. The
administered supplements also enhanced the survival rate after challenge with S.
agalactiae. Thus, they can be used as immunostimulants to enhance immune response
and disease resistance of fish. Furthermore further researches are needed to be
conducted to clarify the mechanisms of all these substances action(s) in the health and
immunity improvements of O. niloticus.

Acknowledgements. Authors would like to thank to Directorate General of Higher
Education for the sponsorship to financially fund this study through Higher Educations
Prime Research Project 2017 with a contract number of 011/SP2H/LT/DRPM/IV/2017.

References

Abdullah S., Omar N., Yusoff S. M., Obukwho E. B., Nwunuji T. P., Hanan L., Samad J.,
2013 Clinicopathological features and immunohistochemical detection of antigens in
acute experimental Streptococcus agalactiae infection in red tilapia (Oreochromis
spp.). Springerplus 2:286. doi: 10.1186/2193-1801-2-286. eCollection 2013.

Astuti S. M., M. Mimi Sakinah A., M. Retno A. B., Risch A., 2011 Determination of saponin
compound from Anredera cordifolia (Ten) steenis plant (Binahong) to potential
treatment for several diseases. Journal of Agricultural Science 3(4):224-232.

Bansemir A., Blume M., Schroder S., Lindequist U., 2006 Screening of cultivated
seaweeds for antibacterial activity against fish pathogenic bacteria. Aquaculture
252:79-84.

Blaxhall P. C., Daisley K. W., 1973 Routine haematological methods for use with fish
blood. Journal of Fish Biology 5:771-781.

Chen J., Seviour R., 2007 Medicinal importance of fungal B-(1-3), (1-6)- glucans.
Mycological Research 111:635-652.

Citarasu T., 2010 Herbal biomedicines: A new opportunity to aquaculture industry.
Aquaculture International 18(3):403-414.

Clauss T. M., Dove A. D. M., Arnold J. E., 2008 Hematologic disorders of fish. Veterinary
Clinics of North America: Exotic Animal Practice 11(3):445-462.

Dalmo R. A., Bogwald J., 2008 Beta-glucans as conductors of immune symphonies. Fish
& Shellfish Immunology 25(4):384-96.

Goddard S., 1996 Feed management in intensive aquaculture. New York, Chapman and
Hall, 194 p.

Guo Z., Zhu X., Liu J., Han D., Yang Y., Lan Z., Xie S., 2012 Effects of dietary protein
level on growth performance, nitrogen and energy budget of juvenile hybrid
sturgeon, Acipenser baerii @ x A. gueldenstaedtii 4. Aquaculture 338:89-95.

Van Hai N., Fotedar R., 2009 Comparison of the effects of the prebiotics (Bio-Mos® and
B-1, 3-D-glucan) and the customised probiotics (Pseudomonas synxantha and P.
aeruginosa) on the culture of juvenile western king prawns (Penaeus latisulcatus
Kishinouye, 1896). Aquaculture 289(3-4):310-316.

Huisman E. A., 1987 The principles of fish culture production. Netherland, Department of
Fish Culture and Fisheries, Wageningen Agricultural University.

Peixoto M. J., Magnoni L., Goncalves J. F. M., Twijnstra R. H., Kijjoa A., Pereira R.,
Palstra A. P, Ozorio R. O. A., 2017 Effects of dietary supplementation of Gracilaria
sp. extracts on on fillet quality, oxidative stress, and immune responses in European
Seabass (Dicentrarchus labrax). Journal of Applied Phycology.
https://doi.org/10.1007/s10811-018-1519-x.

Kanjana K., Radtunatip T., Asurapongpatana S., Withyachumnakul B., Wongprasert K.,
2011 Solvent extracts of the red seawed Gracilaria fisheri prevent Vibrio harveyi
infections in the black tiger shrimp Penaeus monodon. Fish and Shellfish
Immunology 30(1):389-396.

Kumar N., Antony J. P., P., Pal, A. K., Remya, S., Aklakur, M. D., Rana, R. S., Gupta, S.,
Raman, R. P., Jadhao, S. B., 2011 Anti-oxidative and immunohematological status
of Tilapia (Oreochromis mossambicus) during acute toxicity test of endosulfan.
Pesticide Biochemistry and Physiology 99(1):45-52.

AACL Bioflux, 2018, Volume 11, Issue 4. 1375
http://www.bioflux.com.ro/aacl



Lopez N., Cuzon G., Gaxiola G., Taboada G., Valenzuela M., Pascual C., Sanchez A.,
Rosas C., 2003 Physiological nutritional and immunological role of dietary  1-3
glucan and ascorbic acid 2-monophosphate in Litopenaeus vannamei juveniles.
Aquaculture 224(1-4):223-243.

Mac Arthur J. 1., Fletcher T. C., 1985 Phagocytosis in fish. In: Fish immunology. Manning
M. J., Tatner M. F. (eds), pp. 29-46, Academic Press, London.

Mian G. F., Godoy D. T., Leal C. A., Yuhara T. Y., Costa G. M., Figueiredo H. C., 2009
Aspect of the natural history and virulence of Streptococcus agalactiae infection in
Nile tilapia. Veterinary Microbiology 136(1-2):180-183.

Neumann N. F., Stafford J. L., Barreda D., Ainsworth A. J]., Belosevic M., 2001
Antimicrobial mechanisms of fish phagocytes and their role in host defense.
Developmental and Comparative Immunology 25(8-9):807-825.

Olivier G., Eaton C. A., Campbell N., 1986 Interaction between Aeromonas salmonicida
and peritoneal macrophages of brook trout (Salvelinus fontinalis). Veterinary
Immunology and Immunopathology 12(1-4):223-34.

Saputra F., Wahjuningrum D., Tarman K., Effendi I., 2016a Utilization of marine fungal
Nodulisporium sp. KT29 metabolites to improve the production performance of
marine culture of white shrimp. Jurnal Ilmu dan Teknologi Kelautan Tropis
8(2):747-755.

Saputra F., Wahjuningrum D., Tarman K., Effendi I., 2016b Utilization of Nodulisporium
sp. KT29 metabolites for preventing the infection of Vibrio harveyi on vanname
shrimp marine culture. Bogor Agriculture University, Bogor, Indonesia.

Sari R. R. B., Sarjito, Haditomo A. H. C., 2015 The added effect of Binahong leaves
powder (Anredera cordifolia) on food toward survival rate and histopathology of
Vannamei (Litopenaeus vannamej) infected by Vibrio harveyi. Journal of
Aquaculture Management and Technology 4(1):26-32.

Siwicki A. K., Anderson D. P., Rumsey G. L., 1994 Dietary intake of immunostimulants by
Rainbow trout affects non-specific immunity and protection against Furunculosis.
Veterinary Immunology and Immunopathology 41(1-2):125-139.

Utomo A. S., Prayitno S. B., Sarjito, 2015 Addition of binahong (Anredera cordifolia)
powder in feed to immune response health status and survival rate of Tiger prawn
(Penaeus monodon) against Vibrio harveyi. Journal of Aquaculture Management and
Technology 4(3):61-68.

Vetvicka V., Vannucci L., Sima P., 2013 The effect of B-Glucan on fish immunity. North
American Journal of Medical Sciences 5(10):580-588.

Wahjuningrum D., Tarman K., Effendi I., 2016 Feeding duration of dietary Nodulisporium
sp. KT29 to prevent the infection of Vibrio harveyi on Pasific white shrimp
Litopenaeus vannamei. AACL Bioflux 9(6):1265-1277.

Wedemeyer G. A., Yasutake W. T., 1977 Clinical methods for the assessment of the
effects of environmental stress on fish health. California (US), U. S. Fish and Wildlife
Service, Technical Paper 89.

Yuliani S. H., Fudholi A., Pramono S., Marchaban, 2012 The effect of formula to physical
properties of wound healing gel of ethanolic extract of Binahong (Anredera cordifolia
(Ten) Steenis). International Journal of Pharmaceutical Science and Research
3(11):4254-4259.

Zahra A., Sukenda, Wahjuningrum D., 2017 Extract of seaweed Gracilaria verrucosa as
immunostimulant to controlling White spot disease in Pacific shrimp Litopennaeus
vannamei. Jurnal Akuakultur Indonesia 16:174-183.

AACL Bioflux, 2018, Volume 11, Issue 4. 1376
http://www.bioflux.com.ro/aacl



Received: 13 March 2018. Accepted: 24 August 2018. Published online: 30 August 2018.

Authors:

Fifin Binta Kumala, Bogor Agricultural University, Faculty of Fishery and Marine Science, Department of
Aquaculture, Bogor, Indonesia, West Java, Bogor 16680, Dramaga Campus, Jalan Agatis, e-mail:
fifinbk1@gmail.com

Dinamella Wahjuningrum, Bogor Agricultural University, Faculty of Fishery and Marine Science, Department of
Aquaculture, Bogor, Indonesia, West Java, Bogor 16680, Dramaga Campus, Jalan Agatis, e-mail:
dinamella@yahoo.com

Mia Setiawati, Bogor Agricultural University, Faculty of Fishery and Marine Science, Department of Aquaculture,
Bogor, Indonesia, West Java, Bogor 16680, Dramaga Campus, Jalan Agatis, e-mail: miasetia@apps.ipb.ac.id
Sukenda, Bogor Agricultural University, Faculty of Fishery and Marine Science, Department of Aquaculture,
Bogor, Indonesia, West Java, Bogor 16680, Dramaga Campus, Jalan Agatis, e-mail: sukenda67@gmail.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Kumala F. B., Wahjuningrum D., Setiawati M., Sukenda, 2018 Effects of dietary algae, fungi and herb on the
growth and innate immunity of Nile tilapia Oreochromis niloticus challenged with Streptococcus agalactiae.
AACL Bioflux 11(4):1368-1377.

AACL Bioflux, 2018, Volume 11, Issue 4. 1377
http://www.bioflux.com.ro/aacl



