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Dagaa is a small pelagic fish found in Lake Victoria. It is used as a nutrient source in animal feeds and human 

consumption. Utilization of fish protein hydrolysate as a nutrient in culture media has been explored in 

several fish species and dagaa protein hydrolysate (DPH) can also be a candidate due to its rich protein and 

lipid content. Potential of DPH as a nitrogenous source in microbial growth media was assayed using the 

following bacteria; Escherichia coli, Pseudomonas aeroginosa, Bacillus subtilis and Rhodobacter capsulatus 

and two fungi, Metarhizium anisopliae and Beauveria bassiana. Cell growth was evaluated using turbidity 

and biomass in liquid cultures. DPH formulated media produced similar cell growth when compared to 

positive controls made up of Luria Bertani (LB) for bacteria and Sabouraud’s dextrose broth (SDB) for fungi. 

This indicates that formulated DPH media can be considered as an alternative media for microbial culture.  
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1. INTRODUCTION 
 

Culture of microorganisms is a very important part of 

research especially when used in molecular biology and 
biotechnology and is also important in foundational and basic 

diagnostic methods [1]. Current commercial culture media in the 
market contain at least a nitrogen source, a carbohydrate source 

and other nutritional components. The nitrogenous source is 
usually the most expensive in preparation of culture media [2]. 

There is need to prepare culture media from protein sources that 
are easily available and efficient in terms of the nitrogenous 

content they will supply such as fish [3]. Peptone being one of the 
nitrogenous sources of microbial media is derived primarily from 

bovine or porcine origins such as meat, internal organs, gelatin 
and milk [4]. Plant sources such as soybean extract can also be 

used as nitrogenous sources for microbial media [5].  Due to 
outbreaks of bovine and porcine diseases, use of peptones of non-

meat origin is becoming increasingly popular and thus media 

with peptone derived from vegetables and yeast is currently  
available on the market [4]. Muslims and Jews might also  not  be 
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comfortable using media containing porcine extracts on religious 
grounds. In addition, several underutilized fish species and fish by-

products have been used to prepare fish peptone. The formulated 
fish peptone media has been shown to possess similar yields of 

microbes in comparison with standard media [6]. Peptone prepared 
from silver carp (Hypophthalmichthys molitrix) head using enzyme 

alcalase was found to have a protein concentration of 20.7% [7]. 
The growth of Vibrio anguillarum in silver carp head peptone was 

not significantly (p˃0.05) different from the growth of this 
bacterium in standard peptone media [7]. Alcalase hydrolysate 

from silver carp filleting had a protein content of 20.7% and has 
also been shown to perform better than tryptic soy broth (TSB) 

media in the growth of Staphylococcus aureus [8].  Choice of 
enzyme for the preparation of fish hydrolysate is critical in 

determining the performance of the microbial media. For example, 
hydrolysis of silver carp with trypsin yielded a protein hydrolysate 

that performed less than the standard media [8]. This was in 
contrast with results obtained using alcalase hydrolysate. This 

difference could be attributed to the fact that alcalase is generally a 
better and effective proteinase than papain, flavourzyme and 

trypsin [9, 10]. Currently in Kenya, lake sardine/silver cyprinid 
locally known as dagaa (Rastrineobola argentea) accounts for the 

second largest fish catch at Lake Victoria [11, 12]. It is relatively 
inexpensive and available as compared to nile perch (Lates 

niloticus) [13].  
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It has large post-harvest losses of up to 50% in the rainy 

season [13]. Proximate studies carried out on dagaa have shown 

that it is rich in protein (19.1-21.7%) [14]. This makes it a good 

candidate for a nitrogenous source of culture media. The aim of 

this work was to investigate the potential of dagaa protein 

hydrolysate as a nitrogen source in culture media. 

 

2. MATERIALS AND METHODS 
 

2.1 Preparation of Dagaa Protein hydrolysate 

The dagaa used in the study was bought from Nairobi 

city market. Fish hydrolysate was prepared by use of a commercial 

exogenous protease alcalase®. Alcalase is a serine protease 

enzyme from Bacillus licheniformis (Sigma Aldrich, USA). The 

DFH was prepared using the protocol as described [14]. The DFH 

was then mixed with hexane (Sigma Aldrich, USA) to extract 

lipids to give DPH which is composed mostly of peptides from the 

hydrolyzed dagaa. DPH was then transferred into 15ml falcon 

tubes and centrifuged using a refrigerated centrifuge (Hanil 

Science Industrial, Korea) at 12000 rpm for 20 minutes at 4°C. 

The DPH was then stored at -20°C until time of use. 

 

2.2. Preparation of microbial media 

2.2.1. Preparation of Dagaa protein hydrolysate formulated 

media (DPH-FM for bacterial growth 

Protein content of LB the standard media and DPH were 

determined using Biuret’s protein assay [15]. The DPH-FM was 

then equated in protein content to the standard media LB. The 

DPH-FM was made up of 10g sodium chloride (NaCl) (Sigma 

Aldrich, USA), 300ml of DPH and 5g of Yeast Extract (Sigma 

Aldrich, USA) per liter. The NaCl supplemented Sodium mineral 

which was in very minute concentrations in the DPH. The media 

was autoclaved at 121°C at 15 psi for 15 min in autoclave 

(Tuttnauer, USA) and cooled before use. 

 

2.2.2. Preparation of Dagaa protein hydrolysate formulated 

media (DPH-Dextrose) for fungal growth 

The protein content of both the standard SDB media as 

well as the DPH-Dextrose was determined using Biuret’s protein 

assay. The protein content of the DPH-Dextrose media was then 

equated to that of SDB media. The formulated DPH-Dextrose 

media for fungi was constituted as follows; 300ml of DPH and 40g 

of dextrose (Sigma Aldrich, USA) per liter with dextrose being 

added as DPH did not contain any. Since the fungi used in this 

work were aciduric, the pH of the media was adjusted to 5.5 using 

hydrochloric acid. This was then autoclaved at 121°C, 15 psi for 

15 min in an autoclave. 

 

2.2.3. Preparation of standard media for bacterial growth and for 

fungal growth. 

To prepare LB media for bacterial growth, the following 

components were dissolved in 1L of distilled water; 5g of yeast 

extract, 10g of tryptone (Sigma Aldrich, USA) and 10g of NaCl 

[16]. The contents were autoclaved at 121°C at 15 psi for 15 min 

in an autoclave and cooled before use. 

SDB media for fungal growth was prepared by dissolving 

the following components in 1 L of distilled water; 10g of 

mycological peptone (Sigma Aldrich, USA) and 40g of dextrose 

[17]. The contents were autoclaved at 121°C at 15 psi for 15 min 

in an autoclave and cooled before use. 

 

2.3. Microbial culturing to investigate the potential of DPH as 

a nitrogen source in culture media 

2.3.1. Growing bacterial cultures to estimate cell mass 

Four bacterial species were cultured: Escherichia coli, 

Bacillus subtilis, Pseudomonas aeruginosa and Rhodobacter 

capsulatus. All these microorganisms were acquired from the 

laboratory cultures of Jomo Kenyatta University of Agriculture 

and Technology. To grow the bacterial cultures of E. coli, B. 

subtilis, P. aeruginosa and R. capsulatus, LB media was used as 

the standard while DPH-FM served as the experimental media. For 

the growth of R. capsulatus (a halophytic bacterium), both the 

standard and formulated media were adjusted to pH 10 and 5% 

NaCl concentration. Media was prepared and placed in 250ml 

Erlenmeyer flasks in amounts of 100ml and 200µl of the bacteria 

inoculated separately in different flasks under a biological safety 

cabinet level 3 (Heraeus, Germany). The microorganisms were 

then placed in an incubated orbital shaker (Gerhardt, Germany) at 

the speed of 120rpm and temperature of 37°C. Samples were 

picked at different intervals of 0, 0.5, 2, 5, 7, 10, 25and 26hrs for 

optical density (OD) and biomass to estimate the growth titers. 

The values recorded were then used to prepare growth curves for 

each of the microorganisms. 

 

2.3.2. Growing of fungal cultures to estimate cell mass 

The following two fungi were cultured in this study; 

Metarhizium anisopliae and Beauveria bassiana. The two fungi 

are used as bio-pesticides and both of them were grown on SDB 

standard media and formulated DPH-Dextrose media. Volumes of 

100ml of each media were prepared and placed in 250ml 

Erlenmeyer flasks and 200µl of each fungi inoculated separately 

under a biological safety cabinet level 3. The samples were then 

placed in an incubated orbital shaker at a speed of 180 rpm and 

temperature of 25°C. The samples (5ml) were then picked at time 

intervals of 0 hr and after every 2 days during 21 days of growth 

for optical density and biomass to estimate the growth titers. The 

values recorded were then used to prepare growth curves for each 

of the microorganisms. 

 

2.4. Statistical analysis. 

 Experimental data were analysed by one-way analysis of 

variance (ANOVA) using statistical software SPSS version 19. 

Treatment means were separated by Turkey’s multiple comparison 

test at   = 0.05. Media were compared based with respect to their 

effect on growth and biomass of individual microorganisms. All 
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conclusions are based on experiments that were repeated in 

triplicates over time to ensure reproducibility of results.  

 

3. RESULTS AND DISCUSSION 
 

A protein hydrolysate prepared from neglected dagaa fish 

was defatted and its protein content estimated to be 2.6mg/ml. This 

indicates that the experimental fish contains high amount of 

protein and apart from being used as low grade fish meal, its use in 

preparation of microbial culture media might give fish 

hydrolysates a value addition [3]. 

With most standard microbial media consisting mostly of 

digested proteins from bovine or porcine origin the upcoming use 

of fish hydrolysate is a new avenue of obtaining proteins from a 

source that is less likely to be contaminated by diseases [4]. In this 

study dagaa fish hydrolysate only substituted for the nitrogenous 

part of the media with the formulated media retaining yeast extract 

and dextrose as well as sodium chloride as a mineral content that 

were also present in the standard media used.  

Growth curves of the bacterial (E. coli, B. subtilis, P. 

aeruginosa and R. capsulatus) and fungal species (M. anisopliae 

and B. bassiana) by optical density in both the formulated media 

and standard media are shown in figures 1, 2, 3, 4, 5 and 6 

respectively. The growth curves indicated almost similar growth 

patterns for bacterial and fungal species in both the DPH-FM and 

in the standard media.  

The stages of bacterial and fungal growth differ 

depending on the growth of microbes in the different media as 

indicated.For E. coli, the lag phase in DPH-FM was observed to be 

longer than in LB (Figure 1), similarly, it took 10 hrs to obtain an 

optical density of 1.5 in LB while it took approximately 20 hrs to 

obtain the same optical density in DPH-FM media.  After 10 hrs, 

E. coli growth had reached plateau stage in LB while in DPH-FM, 

the growth was still at exponential stage up to 26 hrs.  A longer lag 

phase in DPH-FM could indicate that E. coli require more time in 

this formulated media to adapt to the new environment as 

compared to LB media [18]. 

 

 
Fig. 1: Growth pattern of Escherichia coli in LB and DPH-FM media. 

 

E. coli was found to have an almost similar biomass in 

both DPH-FM at 23.4 g/l and LB media at 23.6 g/l after 26hrs of 

growth (Table 1).  This is an indication that the growth was not 

very different in both media though the stages of growth seemed to 

be different in the two media. On the growth of E. coli as 

measured by optical density, the lag phase of E. coli growth was 

found to be slow and took about 5 hrs to achieve log phase in both 

DPH-FM and in LB media. The slow lag phase could be attributed 

to factors such as the time needed for the microbe to recover from 

physical damage as well as shock in the transfer/inoculation 

process. This could also be attributed to time required for the 

synthesis of essential coenzymes, enzymes or division factors so 

that the microbe can breakdown the nutrients in order to utilize 

them in the division process [18].  

 

Table 1: Biomass of bacterial and fungal growth in DPH formulated media and 

LB or SDB media. 

Media and time 

Microbe 

Biomass in DPH 

formulated media (g/l) 

Biomass in 

LB/SDB(g/l) 

Bacterial species 

E. coli 23.4 23.6 

B. subtilis 21.6 26.8 

P. aeruginosa 20.6 21.6 

R. capsulatus 10.4 9.6 

Fungal species 

M. anisopliae 77.6 79.6 

B. bassiana 79.6 71.4 

Bacteria cultured in LB for 26 h and fungi in SDB for 21 days. 

 

The log phase of bacterial growth was noted to have 

started 5 hrs after inoculation and continued even after 26 hrs of 

growth in the DPH-FM media. The growth of E. coli in the DPH-

FM media does not reach the stationary phase even after 26 hrs of 

growth, this could be as a result of abundance of nutrients in the 

media hence the bacteria continued to grow and divided equally. 

In the LB media the growth of E. coli through the log/exponential 

phase was noted to be very fast and only took 5hrs for the bacteria 

to go through the log phase. After 10 hrs of inoculation in the LB 

media, the bacterial growth seemed to enter the stationary phase as 

the growth curve plateaus but the growth curve does not reach the 

death phase indicating that there is equal death and growth of E. 

coli after 10 hrs of growth and this continued for another 16 hrs. 

This could be due to the fact that the LB media nutrients are 

depleted. E. coli is noted to have slower growth than B. subtilis 

and P. aeruginosa in both media. On the other hand, E. coli 

growth is much faster than R. capsulatus in both media. 

B. subtilis growth by biomass in DPH-FM media is noted 

at 21.6 g/l and this is slightly lower than the biomass recorded in 

the growth of B. subtilis in LB media at 26.8 g/l after 26 hrs of 

growth (Table 1). For the growth of B. subtilis based on optical 

density the lag phase is achieved after 2 hrs in both the DPH-FM 

and LB media (Figure 2). This is an indication that this bacteria 

does not take much time to adapt to the new environment in the 

media and also enzymes are activated faster than in E. coli with 

the bacteria taking up nutrients for its faster growth. The log phase 

begins 1hr after the lag phase and it continued for up to 10 hrs 

after inoculation in both media. After the log phase the stationary 

phase was noted to begin 10hrs after inoculation in both media. 

The stationary phase continued even after 26 hrs in DPH-FM 

media but in LB media it is noted that death phase began after 25 

hrs of growth; again this could be due to depletion of nutrients in 
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the LB media. The growth of B. subtilis in the LB and DPH-FM 

media was quite similar but the difference in biomass is an 

indication that generally the growth of this microbe is faster in LB 

media than in DPH-FM media. 

 

 
Fig.  2: Growth pattern of Bacillus subtilis in LB and DPH-FM media. 

 

P. aeruginosa growth by biomass in DPH-FM media was 

noted at 20.6 g/l and this is almost similar to the biomass recorded 

in the growth of P. aeruginosa in LB media at 21.6 g/l after 26 hrs 

of growth (Table 1). For the growth of P. aeruginosa based on 

optical density, the lag phase was achieved after 2 hours in both 

the DPH-FM and LB media indicating that this microbe adapts 

faster to its new environment than E. coli (Figure 3). The log phase 

begins 1.5 hrs after the lag phase and it continues up to 10 hrs after 

inoculation in both media. After the log phase the stationary phase 

is noted to begin 10hrs after inoculation in both media. The death 

phase begins after 25 hrs of growth in both media. The growth of 

P. aeruginosa is almost similar to that of B. subtilis but slightly 

faster than that of E. coli in both media. However, in both media 

the growth of P. aeruginosa is much faster than that of R. 

capsulatus. It seems that for the growth of P. aeruginosa the 

nutrient content is used up faster in both media as death phase 

began at 26 hrs of growth in both DPH-FM and LB 

 

 
Fig. 3: Growth pattern of Pseudomonas aeruginosa in LB and DPH-FM media. 

 

R. capsulatus growth by biomass in DPH-FM media was 

noted at 10.4 g/l and this is almost similar but a little higher than 

the biomass recorded in the growth of R. capsulatus in LB media 

at 9.6 g/l after 26 hrs of growth (Table 1). For the growth of R. 

capsulatus based on optical density the lag phase was achieved 

after 2 hours in both the DPH-FM and LB media (Figure 4). The 

log phase began 5.5 hrs after the lag phase and it continued up 

to26hrs of growth. There is neither a stationary phase of growth 

noted nor a death phase in both media. This is an indication that R. 

capsulatus grows much slower than all the other three bacterial 

species. The nutrients are not depleted in both media at the end of 

26hrs and hence the growth of organisms continued. 

 

 
Fig. 4: Growth pattern of Rhodobacter capsulatus in LB and DPH-FM media. 

 

M. anisopliae growth by biomass in DPH-Dextrose 

media was noted at 77.6 g/l and this is almost similar but a little 

lower than the biomass recorded in the growth of M. anisopliae in 

SDB media at 79.6 g/l after 21 days of growth (Table 1). For the 

growth of M. anisopliae by optical density, lag phase was achieved 

after 2 days and hence the initiation of growth was much slower as 

compared to that of bacteria which takes hours (Figure 5). The log 

phase then followed after the lag phase up to the 21
st
 day and the 

fungi seemed to continue growing as its growth curve does not 

indicate a stationary phase or a death phase.  

 

 
Fig. 5: Growth pattern of Metarhizium anisopliae in SDB and DPH-Dextrose 

media. 

 

B. bassiana growth by biomass in DPH-Dextrose media 

was noted at 69.6 g/l and this is lower than the biomass recorded in 

B. bassiana growth in SDB media at 71.4 g/l after 21 days of 

growth (Table 1). For the growth of B. bassiana by optical density, 

lag phase was achieved after 2 days and hence the initiation of 

growth was much slower as compared to that of bacteria which 

took 30 minutes (Figure 6). The log phase then starts immediately 

after the lag phase and lasts up to the 6
th
 day of growth in both 

DPH-Dextrose and SDB media. After 6 days of growth the 

stationary phase began and lasted up to day 17 in both media. 

After 17 days of growth the B. bassiana entered the death phase 
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for both media.  Statistically, the growth of M. anisopliae as 

compared to that of B. bassiana in both media did not show any 

significant differences. However, according to the growth curves 

by biomass and optical density the growth of M. anisopliae did not 

reach the stationary phase while that of B. bassiana reached the 

death phase by the 17
th

 day (Figure 5 and 6). The M. anisopliae 

grew for longer periods and at a much slower rate than the B. 

bassiana in both the experimental and standard media. 

 

 
Fig. 6: Growth pattern of Beauveria bassiana in SDB and DPH-Dextrose 

media. 

 

Results of bacterial growth estimation using biomass 

indicates that there is no significant difference (p>0.05) in the 

growth of bacterial species studied in DPH-FM and in the standard 

LB media. Estimation of fungal growth using optical density 

reveals no significant difference (p>0.05) in the growth of both 

fungi studied in DPH-Dextrose and in the standard SDB media.  

The findings from this study concurs with previous 

investigations on the potential of fish protein hydrolysate from 

silver carp head peptone as microbial media which had no 

significant difference (p>0.05) in growth of Vibrio anguillarum in 

comparison to the standard peptone media [7]. However, some 

protein hydrolysate obtained from the waste of silver carp filleting, 

yellow stripe trevally (Selaroides leptolepis) and yellow fin Tuna 

(Thunnus albacores) have shown better activity (p<0.05) as a 

formulated microbial media than the standard media used in those 

studies [4, 7, 9]. 

 

4. CONCLUSIONS 
 

DPH formulated media can be utilized to grow microbes 

such as bacteria and fungi effectively with supplementation to 

meet the nutritional demands of the specific microorganisms as it 

does not contain all macronutrients and micronutrients required for 

the proper growth of microbes. DPH provides the nitrogenous 

source in microbial media. 
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