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ABSTRACT
The aim of this work was to produce biofloc from the fish breeding system
and study of its effect on in vitro ruminal digestibility and gas production in the
ruminants. In the first phase of the experiment, two hundred common carp fishes
(1gr) in two tanks with capacity 250 liters’ water were used for producing biofloc. In
the second stage, the effect of 0, 0.5, 1, 1.5 and 2% of produced biofloc with ration
70 to 30 concentrate to forage on in vitro gas production and digestibility was
determined. The data were analyzed in a completely randomized design (5
treatments and 4 replicates). The results showed that there was no significant
difference in potential and rate of gas production and dry matter digestibility
between treatments. The highest amount of truly digested organic matter, cell wall
degradability, and NDF digestibility was related to the treatment containing 2%
compared with the other treatments (108.4, 67.8, and 32.5, respectively). The
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microbial biomass efficiency, microbial biomass and PF of treatments containing
biofloc were more than control treatment (P < 0.05). On the base of this trial,
treatments containing biofloc especially the high levels of biofloc had a more
positive effect on digestibility and fermentation of experimental diets, therefore
biofloc produced from the fish breeding system can be used as a useful supplement
in ruminants.

INTRODUCTION
The fish feed has main nutrients, such as nitrogen, phosphorus, as well as iron,
zinc, copper, and manganese. Approximately 70% of phosphorus and 15% of nitrogen
fed in fish may be excreted through in feces (4). Therefore, an increase in density of
fish, followed by an increase in nitrogen uptake. By adding a carbon source such as
carbohydrate, a new biomass including algae and heterotrophic bacteria that called
biofloc grows on nutrients excreted by aquatic organisms (1,9). This also results in
water purification from discharged nitrogen and create a cheap food source in the
pool. This system can be compared to an artificial stomach suitable for aquaculture
(2). Biofloc contains more than 50% protein, 4% fiber, 7% ash and 22 KJ/g dry
matter-energy (21). Saturated fatty acids (palmitic acid, stearic acid and arachidonic
acid), unsaturated fatty acids (oleic acid, linolenic acid and linoleic acid) (11), and
volatile fatty acids (acetic acid, propionic acid, butyric acid, isobutyric acid, isovaleric
acid and valeric acid), also exist in biofloc (14). In addition, biofloc contains the
amino acids (glutamic acid, aspartic acid, leucine, lysine, isoleucine, and methionine
and vitamins (niacin, riboflavin, thiamine, B12, and E) (12). Due to the compounds of
biofloc, this substance can be effective in animal nutrition. The information on using
of biofloc in the ruminant diet is little. Therefore, the current study evaluates
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producing of biofloc and its effect as a supplement on rumen digestibility and
gas production in the ruminants.

MATERIALS AND METHODS
In the first stage of the experiment, for the production of biofloc, 200 pieces of 1 g of
carp were farmed in two tanks 250 liters of water. During a 56-day period, a diet
containing 25% crude protein, 21% carbohydrate, 15% moisture content, 12% fat,
12% fiber and 15% ash fed to fishes and one 14-day period was considered for
adaptation of fish. Feeding amount was 5% of fish body weight per day in the first 2
weeks and then reduced to 4% of fish body weight per day. In the second 2 weeks
and at the last 2 weeks, the feeding amount was 3% per day. Each meal was fed three
times per day at 8:00–9:00 am, 12:00–13:00, pm and 17:00–18:00 pm, respectively.
By adding sugar by 30 g per kg of live weight in a farmed tank, two hours after
feeding, the balance between carbon and nitrogen was about 10, and there was no
change in water of system. Parameters such as temperature and pH of water were
measured daily. After 56 days, every third day, one-third of water was poured out of
the tank into another vessel and after precipitate of the biofloc suspension, the water
was evacuated. The suspension remained in the bottom of the dish was filtered with
a 30µ pore tissue and dried by the oven at 60° C. The biofloc collected during
two months (19).
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Fig. 1: Process of biofloc production from fish farming system

In the second stage, the effect of produced biofloc on in vitro gas production and
digestibility was determined by in vitro techniques. The base diet formulated by
using NRC (16), was containing 30% forage and 70% concentrate with 0, 0.5, 1, 1.5
and 2% of produced biofloc (Table 1)

Table 1: Components and chemical composition of base diet
Feeds
Alfalfa
Corn Seed
Soybean meal
Barely
Lime
Salt
Mineral and vitamin supplement
Chemical composition
ME(Mcal/kg)
NDF(%)
ADF(%)
CP(%)
OM

12

%
30
21
12.35
35.50
0.40
0.25
0.50
2.57
20.75
15.83
16.5
97.97
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For determining of gas production of experimental diets containing different amounts
of produced biofloc (4 replicates per treatment), the rumen fluid was taken from two
goats that had been fed with a forage based diet before morning feeding. The rumen
fluid was then strained through four layers of cheesecloth. Gas production of
experimental diets was measured in 100 ml glass vials containing 300 mg of diets
(milled with 1 mm sieve) and 35 ml buffered rumen fluid. Vials then were incubated
in a water bath at 39°C for 2, 4, 6, 8, 10, 12, 16, 24, 48, 72 and 96 h (14). After 96 h
of incubation, cumulative gas production data were fitted to the exponential equation
Y=B (1−e−Ct), where B is the gas production (ml) from the fermentable fraction, C is
the rate constant of gas production (ml/h), t is the incubation time (h), and Y is the
volume of gas produced at time (3).
For determination of the partitioning factor (Pf) at end of each incubation period, the
content of syringes was transferred into an Erlenmeyer flask, mixed with 20 ml
neutral detergent fiber solution, boiled for 1 hour, filtered, dried (in oven at 60 °C for
48 h) and ashed (in furnace, at 550 °C for 3 h). Partitioning factor, microbial biomass,
and actual digested organic matter were then calculated. Digestibility of dry matter
and NDF of experimental diets were determined using Tilly and Terry method (18).
Rumen fluid was collected and mixed with McDougall buffer in a ratio 1:4. After
gasifying with CO2, tubes were incubated at 39 ˚C for 48 h incubation, 6 ml of 20%
HCl solution and 5 ml pepsin solution were added and then incubated for 48 h
simulating post-ruminal degradation. After that, the residual substrates of each tube
were filtered and used to determine the digestibility of dry matter (DM) and neutral
detergent fiber (NDF).
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The data were then subjected to analysis of variance as a completely randomized
design using the General Linear Model (GLM) procedure of the SAS (17). The
Duncan’s multiple range test was used to compare the mean difference at P < 0.05.

RESULT AND DISCUSSION
The production of the required amount of biofloc for use in experimental diets are
shown in Figure 2. Addition biofloc to 2% in experimental diets showed no
significant difference in potential and gas production rates during 96 h incubation (P >
0.05) (Table 2).

Fig. 2: Produced biofloc
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Table 2: Potential and gas production rate of diets containing various levels of biofloc
Biofloc (%)

Potential of gas
production (ml)

Gas production rate
(ml/h)

0

57.2

0.06

0.5

58.3

0.07

1

59.1

0.06

1.5

59.9

0.07

2

60.6

0.08

SEM

2.64

0.01

P value

0.91

0.57

SEM = standard error of mean

The highest amount of truly digested organic matter, cell wall degradability, and
NDF digestibility was related to treatment containing 2% biofloc in comparison to the
other treatments (108.4, 67.8 and 32.5 %, respectively) (Table 3). The microbial
biomass efficiency, microbial biomass and PF of treatments containing biofloc were
more than control treatment (P < 0.05).
There are rare studies on effects of biofloc on digestibility and fermentation in the
ruminant. As the results showed, truly digested organic matter and cell wall
degradability was the most in high levels of biofloc in diet. This finding is in
agreement with previous study (8). It has been found that Tesco algae (contains some
compounds similar to biofioc) might have beneficial effects on digestibility due to
effect of this supplement on rumen microorganisms and fatty acid metabolism.
However, the addition of Tesco algae reduces food digestibility due to its effect on
fibrolytic bacteria (10).

15

Bas.J.Vet.Res.Vol.17, No.1, 2018.

ISI Impact Factor:3.461

Table 3: Fermentation parameters of gas production of diets containing different levels of
biofloc
Truly
Biofloc

digested

(%)

organic
matter(g/kg)

Microbial
biomass
efficiency (mg)

Microbial
biomass(%)

PF(mg/ml)

Cell wall
degradability(%)

Control

102.3c

36.1c

36.9b

3.44c

65.6c

0.5

105.9b

38.2a

40.5a

3.56a

66.5bc

1

105.7b

37.5ab

39.7a

3.52ab

66.6b

1.5

107.5a

37.8a

40.7a

3.54a

67.1ab

2

108.4a

37.0b

40.2a

3.5b

67.8a

SEM

0.28

0.17

0.28

0.01

0.26

P value

0.0002**

0.0023**

0.0012**

0.0027**

0.0172*

abc

Column means with common superscripts do not differ (P > 0.05); SEM = standard error of mean; ** = P <
0.01; * = P < 0.05;
PF= Partitioning Factor

Increasing microbial biomass and biomass efficiency in diets containing biofloc might
be present of niacin as one of the components of biofloc. Glutamate dehydrogenase
enzyme is one of the important enzymes in the cell that plays a key role in protein
synthesis and energy production (6). Niacin is a coenzyme which ultimately causes
increase the synthesis of microbial protein (6). This could also justify an increase in
the amount of PF in treatments containing biofloc, because increasing the PF that
actually means more microbial material had released into the biomass, in other words,
it increases the microbial protein synthesis efficiency (3).
In vitro digestibility of diets containing various levels of biofloc are shown in Table 4.
Digestibility of dry matter was not significantly different between experimental diets
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containing different levels of biofloc (P > 0.05). However, the amount of NDF
digestibility was highest in treatments containing 1.5 and 2 % biofloc (P < 0.05)
Table 4: In vitro digestibility of diets containing various levels of biofloc (%)
Biofloc (%)

Digestibility of DM

Digestibility of NDF

Control

39.2

30.7c

0.5

39.2

31.3bc

1

37.8

31.7b

1.5

37.7

31.9ab

2

39.2

32.5a

SEM

0.879

0.198

P value

0.3672

0.0084**

abc

Column means with common superscripts do not differ (P > 0.05); SEM = standard error of mean; ** = P <
0.01

It has been found that the addition of one kg of Azulla algae (containing some
compounds same with biofloc) in dairy cattle diet did not affect digestibility of
nutrients (5). The addition of higher amounts of biofloc in this experiment,
significantly increased NDF digestibility that could due to the presence of amino acids
and maintaining the appropriate pH of the rumen and improving the activity of
cellulolytic bacteria, resulting lower propionic and butyric acid production (20).
Biofloc contains various amino acids, such as histidine, which are weak acids and
amides and has a buffering effect. Amino acids such as lysine and histidine in biofloc
also reduce the pH of rumen contents. Also, niacin is effective in reducing the rumen
pH. On the other hand, the presence of isoacids such as isobutyric acid, isovaleric acid
and 2 methyl valeric acid in biofloc and appropriate pH resulted in the better activity
of cellulolytic bacteria (13).
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It has been found that rumen protozoa need to niacin. The presence of niacin in the
treatments containing biofloc, caused to increase in the protozoa population of the
rumen and consequently the improvement of NDF digestibility (7). Riboflavin, the
second vitamin in biofloc, is in form of FAD and FMN, which has a coenzyme role in
butyric acid metabolism and oxidative reactions. The result of these reactions is
getting energy from carbohydrates, fat, and protein. Therefore, the improvement of
the metabolism of the anaerobic bacteria in the rumen and helping to create anaerobic
conditions for better performance of other microorganisms observed, which would
result in improved fermentation and digestibility parameters (6).

CONCLUSION
Biofloc as one useful supplement produced from the fish breeding system in the first
stage of the experiment. So according to the current results, treatments containing
biofloc especially the high levels of biofloc had a more positive effect on
digestibility and fermentation of ruminant diets, therefore biofloc produced from the
fish breeding system could use as a useful supplement in ruminants.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the Khuzestan Agricultural Sciences and
Natural Resources University for their laboratory and financial support.

REFERENCES
1. Avnimelech, Y. (2006). Bio-filters: The need for a new comprehensive approach.
Aquaculture Engineering. 34 (3):172–178.
2. Avnimelech, Y. (2007). Feeding with microbial flocs by tilapia in minimal
discharge bioflocs technology ponds. Aquaculture. 264: 140–147.
3. Blummel, M., Makkar, H.P.S., and Becker, K. (1997). In vitro gas production: a
technique revisited. Journal of Animal Physiology and Animal Nutrition.
77: 24–34.

18

Bas.J.Vet.Res.Vol.17, No.1, 2018.

ISI Impact Factor:3.461

4. Chadwick, D. and Salazar, F. (2007). Agronomic use of waste sludge from fish
farming in: http://www.feap.info/aquaetreat/cat4/default_en.as.
5. Chatterjee1, A., Puneet Sharma, M.K., Ghosh Mandal, M. and Roy, P.K.
(2013). Utilization of Azolla Microphylla as Feed Supplement for
Crossbred Cattle. Journal of Animal Science. 68: 207-214.
6. Church, D.C. (1983). Digestive Physiology and Nutrition of Ruminants. O & B
Books, Inc, Corvallis, Oregon. USA.
7. Erickson, P.S., Trusk, A.M. and Murphy, M.R. (1990). Effects of Niacin Source
on Epinephrine Stimulation of Plasma Nonesterified Fatty Acid and
Glucose Concentrations, on Diet Digestibility and on Rumen Protozoal
Numbers in Lactating Dairy Cows. Journal of Nutrition. 120:1648-1653.
8. Fike, J. H., Sakerb, K. E., Okeefec, S. F., Marriottc, N. G., Wardb, D. L.,
Fontenotd, J. P. and Veitb, H. P. (2005). Effect of Tasco (a seaweed
extract) and heat stress on N metabolism and meat fatty acids in wether
lambs fed hays containing endophyte-infected fescue. Small Ruminant
Research. 60: 237-245.
9. Hari, B., Kurup, B.M., Varghese, J.T., Schrama, J.W. and Verdegem, M.C.J.
(2006). The effect of carbohydrate addition on water quality and the
nitrogen budget in extensive shrimp culture systems. Aquaculture. 252 (2–
4): 248- 263.
10. Hervas, G., Frutos, P., Mantecón, A. R. and Giráldezc, F. J. (2004). Effect of
the administration of quebracho extract on rumen fermentation and diet
digestibility in sheep. Spanish Journal of Agricultural Research. 2: 63-71.
11. Little, D.C., Murray, J.F., Azim, M.E., Leschen,W., Grady, K., Young, J.
and Watterson, A. (2008). Warm-water fish production in the UK: limits
to green growth. Trends in Food Science and Technology.19: 255–264.
12. Logan, A.J., Lawrence, A., Dominy, W., and Tacon, A.G.J. (2010). Single-cell
proteins from food byproducts provide protein in aquafeed. Global
Advocate.13: 56-57.
13. Loholter, M. U. and Meyer Rauls, C. (2013). Effects of niacin supplementation
and dietary concentrate proportion on body temperature, ruminal pH and
milk performance of primiparous dairy cows. Journal of Animal Nutrition.
67: 202-218.

19

Bas.J.Vet.Res.Vol.17, No.1, 2018.

ISI Impact Factor:3.461

14. Magondu, E.W. (2012). Aerobic anaerobic and anoxic bioflocs from tilapia
proximate composition. nutritional properties and attractiveness as fish
feed.
15. Menke, K.H. and Steingass, H. (1988). Estimation of the energetic feed value
obtained from chemical analysis and in vitro gas production using rumen
fluid. Animal Research and Development. 28: 7-55.
16. NRC. (2007). National Research Council: Nutrient Requirments of Small
Ruminants, Sheep, Goats. Cervide and New York Camelids. National
Academy of Science, Washington, DC.
17. SAS. 2005. User’s Guide. Release 6.08. SAS Institute Inc., Cary, NC.
18. Tilley, J.M.A., and Terry, R.A. (1963). A tow staged technique for the in vitro
digestion of forage crops. Journal of British Grassland Society. 10: 104111.
19. Wang, G., Yu, E., Xie, J., Yu, D., Li, Z., Luo, W., Qiu, L. and Zheng, Z.
(2015). Effect of C/N ratio on water quality in zero-water exchange tanks
and the biofloc supplementation in the feed on the growth performance of
crucian carp, Carassius auratus. Aquaculture. 443: 98–104.
20. Wang, Y., Xu, Z., Bach, S.J., and McAllister, T.A. (2008). Effects of
phlorotannins from Ascophyllum nodosum (brown seaweed) on in vitro
ruminal digestion of mixed forage or barley grain. Animal Feed Science and
Technology. 145: 375–395.
21. Webster, C.D. and Lim, C.E. (Eds.)., (2002). Nutrient Requirements and
Feeding of Finfish for Aquaculture. CABI Publishing, Oxford.

20

