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ABSTRACT

Present study investigated the shelf life of fermented silage prepared from dressing waste (gut and gills) of Indian major
carps and the effect of different concentrations of jaggery as carbohydrate source, on the biochemical and microbiological
changes in the silage. Fermented silage was prepared using jaggery at 10% w/w (F1) and 20% w/w (F2) concentrations.
F2 had a lower crude fat and ash content. The lowest pH attained was 4.11 and 4.02 in F1 and F2 respectively by the end
of 15 days. Significantly higher (p<0.05) concentration of total volatile base nitrogen (TVB-N) was observed in F2 from
the 30" day of storage. The rate of auto-oxidation was also significantly higher in F2 throughout the storage period of 60
days. Total plate count (TPC) of bacteria in F1 and F2 reduced significantly till the 15" day of storage. At the end of 60
days of storage, pH reached 5.55 and 5.67 in F1 and F2 respectively, thereafter the silage was considered spoiled. The study
indicated that fermented fish silage prepared from viscera and gills of Indian major caps remained shelf worthy for a period
of 60 days and the use of jaggery at concentrations higher than 20% (w/w) would not be viable as it led to faster spoilage

rate and increased cost of production.
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Introduction

Aquaculture in India is dominated by carps which
contribute to more than 80% of the total production. Large
quantities of waste is generated during processing of carps
which has great potential to be used as protein supplements in
aquaculture, poultry and livestock feed. It has been estimated
that visceral waste of fish alone contributes to around
3,00,000 t (Mahendraker, 2000). Fish silage is reported to
have high nutritional value with all the essential amino acids
(Vidotti et al., 2003), which can be used as a high value
protein source for feeding different animals such as broilers
(Al-Marzooqi et al., 2010), pigs (Kjos et al., 1999), laying
hens (Kjos ef al., 2001), sheep (Rahmi et al, 2008), fish
(Borghesi et al., 2008) and laying quails (Zynudheen et al.,
2008). Several studies have been reported on production of
fermented fish silage from marine fish offals using jaggery
and Lactobacillus planatrum inocula (Babu et al, 2005;
Zynudheen et al., 2008; Samaddar and Kaviraj, 2014). The
shift in focus to freshwater carp culture in recent years due
to the stagnancy in marine fish production led to develop
strategies for the utilisation of freshwater carp processing
wastes like gut and viscera. The present work was designed
to evaluate the biochemical and microbiological quality of
fermented silage prepared from the dressing waste of carps
(gut and gills) and to study the effect of varying levels of
carbohydrates on the quality changes.

Materials and methods
Preparation of fermented fish waste silage

Fresh viscera and gills, from dressing wastes of Indian
major carps (IMCs), were collected from the local market
and transported to the laboratory in ice. The raw material was
washed in potable water, minced and 30% (v/w) water was
added to the mince. Two batches of fermented silages were
prepared by adding, jaggery as carbohydrate source at the
rate of 10% w/w (F1) and 20% w/w (F2) respectively. Freeze
dried culture of Lactobacillus plantarum procured from
Microbial Type Culture Collection and Gene Bank (MTCC),
Chandigarh was revived in Lactobacillus MRS medium by
incubating at 37°C for 48 h. The fish mince-jiggery mixture
was cooked for 30 min, cooled down to room temperature
and then 5 ml of inoculum of L. planatrum (10° cells ml™)
was added to both the batches. Ensilation was done in airtight
plastic containers at ambient temperature (28+2°C). The
silages were stirred twice daily and samples were drawn
periodically at 0, 2, 7, 15, 30 and 60 days to assess the
biochemical and microbiological quality.

Biochemical analysis

pH of the silage in distilled water (1: 5 W/V) was
determined using a glass electrode digital pH meter
(Cyberscan 510, Eutech Instruments, Singapore). Proximate
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composition of the raw material and silage were analysed
following AOAC (2000) procedures. Total volatile base
nitrogen (TVB-N) was estimated by the microdiffusion
method (Conway, 1950). Oxidation stability of the sample
was assessed by measuring Thiobarbituric acid (TBA) value
(Tarladgis ef al., 1960).

Microbiological analysis

Microbiological quality of raw material and fermented
silage was assessed by enumerating the total plate count
(TPC) and yeast and mould count following BAM (1995)
and total lactic acid bacteria (LAB) count using de Man
Regossa Sharpe (MRS) agar. For enumeration of TPC, plate
count agar (PCA) was used and the plates were incubated
for 48 h at 37°C. For enumeration of LAB, MRS agar plates
were incubated at 37°C in a carbon dioxide incubator for
48-72 h. Yeast and mold were isolated using Rose Bengal
Chloramphenicol (RBC) agar after incubating the plates for 3
to 5 days at room temperature.

Statistical analysis

The complete data set consisted of matrix of order
36 x 8, where the rows represented the treatments (2), days
(6) with 3 replications and the columns represented the
biochemical and microbiological quality parameters (6). All
variables were checked for normality (Shapiro - Wilk test) and
homogeneity of variances (Levene test). One way analysis
of variance (ANOVA) or nonparametric ANOVA (Kruskal-
Wallis test) was performed to obtain significant differences
between treatments and Tukey’s HSD test (Honestly
Significant Difference) or Nemenyi test (nonparametric) was
used to compare the treatment means. Pearson’s (normal data)
and Spearman’s (non-normal data) correlation coefficients
were computed to understand the linear relationship among
different quality parameters. SAS 9.3 software was used for
all statistical computations.

Results and discussion

Proximate composition of raw material and fermented fish
waste silage

The raw material had 75.86% (+2.63) moisture, 9.11%
(£0.94) protein, 9.8% (x1.12) crude fat and 1.03% (£0.19)
ash. Low crude protein observed in the fermented fish silages
may be due to the addition of jaggery and L. plantarum
inoculum and also due to the slight dilution effect by the
acid produced (Table 1). Silage prepared with higher jaggery
concentration (F2) was found to have lower crude fat and ash
content. Dry matter in F2 was significantly higher (p<0.05)
than that of F1, possibly because of the higher content of
jaggery. Significantly, higher lipid content in fermented
silage than in the raw material could be accounted for by the
fact that lactic acid is soluble in ether and hence extractable
during lipid extraction (Stetcher et al., 1968).
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Table 1. Proximate composition of fermented fish silage prepared
from dressing wastes of carps by adding different levels of

Jaggery

Proximate composition  Fish waste F1 F2
Moisture (%) 75.86+2.63*  75.77+0.03° 68.56+0.03°
Crude protein (%) 9.11+0.94* 4.67+0.17° 5.07+0.08°
Crude fat (%) 9.8+1.12* 13.04+0.61° 12.81+0.11°
Ash (%) 1.03+0.19° 1.54+0.05° 1.41£0.11°

F1 = fermented fish silage prepared by addition of 10% jaggery
F2 = fermented fish silage prepared by addition of 20% jaggery
Means bearing different superscripts in the same row differ significantly (p<0.05)

Biochemical changes in fermented fish waste silage
pH

Maintenance of acidic pH in fish silage is important for
keeping the product more hygienic and safe, by inhibiting
the growth of pathogenic organisms. pH values ranging from
4-5 are recommended for biological silages (Ahmed and
Mahendrakar, 1996; Faid et al., 1997). Silage at pH value
of 4.5 and above is always susceptible to spoilage caused
by Clostridium botulinum, Staphylococcus aureus and fungi
(FAO, 1971). In fermented silages with 10% (F1) and 20%
(F2) jaggery, pH value dropped to <4.5 by the 2™ day (Fig. 1).
This indicates successful fermentation with lactic acid
production by the L. plantarum inoculum added. Several
species of the genus Lactobacillus have temperature optima
ranging from 30 to 40°C (Kandler and Weiss, 1984). Hence,
the storage temperature maintained at 28 - 30°C would have
helped in the proliferation of bacteria. In the batch added
with 20% jaggery (F2), pH stabilised around 4.02 at the end
of 15 days, where as in the lot with 10% jaggery (F1), pH
got stabilised at a little higher value of 4.11 at the end of
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Fig. 1. Variation in pH, TVBN and TBA of fermented silage
prepared from dressing waste of Indian major carps using
different concentrations of jaggery
F1 = fermented fish silage prepared by addition of 10% jaggery
F2 = fermented fish silage prepared by addition of 20% jaggery
TVBN - Total volatile base nitrogen (mg 100 g')

TBA - thiobarbituric acid (mg malonaldehyde kg™)
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15 days (Fig.1). F2 showed a significantly (p<0.05) lower pH
value from the 7* to 30 day of storage. Babu et al. (2005)
reported a decrease in pH with increase in concentration of
carbohydrate source. The increase in pH value, in both the
treatments after 30" day of storage indicates spoilage of
the samples (Fig. 1). During storage, autolysis affects the
buffering capacity of the material and increases pH, which
lowers the storage potential.

Total volatile base nitrogen (TVB-N)

Volatile amines are the characteristic molecules
responsible for the fishy odour and flavour present in fish
several days after the catch. TVB-N value is a traditional
chemical means most widely used for evaluation of the
degree of spoilage in seafood. It consists mainly of a mixture
of ammonia, dimethyl amine (DMA) and trimethylamine
(TMA) and other nitrogen compounds which become volatile
in alkaline condition. The raw material had a TVB-N content
of 7.93(x1.61) mg%. By ensilation, the TVB-N values of
both F1 and F2 increased significantly (p<0.05) by the 2™ day
(Fig. 2). Faid et al. (1997) reported an increasing pattern of
TVB=N with fermentation. Significant difference (p<0.05) in
TVB-N concentration between F1 and F2 was noticed from
the 30™ day of storage (Fig.1). Babu et al. (2005) observed
that the level of volatile amino acids in fermented fish silages
increase with the amount of carbohydrate used. The TVB-N
values in both F1 and F2 reached maximum of 51.8 and
57.86 mg% respectively by the end of 60 days of storage.
Zynudheen et al. (2008) observed an increase in TVB-N from
10 to 64 mg% within 15 days of storage in fermented silage
prepared from Nile tilapia. Higher concentrations of TVB-N
has been reported from silverbelly silage (116 mg%) (Babu
et al., 2005) and pelagic sardine silage (63 mg%) (Siddique,
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Fig. 2. Variations in TPC, LAB and YM of fermented silage
prepared from dressing waste of Indian major carps using
different concentrations of jaggery
F1 = fermented fish silage prepared by addition of 10% jaggery
F2 = fermented fish silage prepared by addition of 20% jaggery
TPC - Total plate count (log cfu g)
LAB - Lactic acid bacteria (log cfu g")
YM - Yeast and moulds (log cfu g')
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2009), respectively. Spoilage by total volatile bases is
comparatively less in freshwater fish waste silage, possibly
because of the absence of Trimethylamine oxide (TMAO) or
the presence of very little concentration of it in those fishes.

Thiobarbituric acid (TBA) values

Auto-oxidation is the most common process leading
to oxidative deterioration and is defined as the spontaneous
reaction of atmospheric oxygen with lipids. TBA is a good
indicator of the quality of fish. It is widely used as indicator
for the assessment of degree of lipid oxidation. Fresh
dressing waste of carps had a TBA value of 0.47+0.01mg
malonaldehyde kg'. TBA value in both F1 and F2 showed
fluctuations all through the storage period. The high fat
content in the carp viscera is the possible reason for the
increasing rate of auto-oxidation in fermented silage.
Throughout the storage study, the TBA value recorded in
F2 was significantly higher than that of F1 (Fig.1). At the
end of 60 days of storage, the TBA value reached 7.39 mg
malonaldehyde kg! and 8.76 mg malonaldehyde kg in F1
and F2 respectively. Fagbenro ef al. (1994) observed that the
fermented silage prepared from raw tilapia had a TBA content
of 13 mg malonaldehyde kg within one month of storage.
The drastic increase in TBA value indicates the possible
role of carbohydrate in augmenting lipid auto-oxidation in
fermented silage.

Microbiological changes

Fresh dressing waste had a bacterial load of around
5 log cfu g'. The utilisation of fermented fish silage in
livestock, poultry and aqua feed depends upon the rapid
growth and acid production by lactic acid bacteria (LAB)
thereby eliminating pathogens and arresting the growth of
other spoilage microbes. The total plate count of bacteria
was not affected significantly by the reduction in pH by the
2% day (Fig. 2). This could be attributed to the growth of
L. plantarum in the silage. The strong negative correlation
between pH value and LAB growth (correlation coefficient
- 0.8405) shows that low pH favours the growth of LAB.
Thereafter, total bacterial load reduced significantly till the
7™ day of storage. Significant increase (p<0.05) in TPC from
30" day correlates well with the increase in pH (correlation
coefficient - 0.93). Maximum LAB concentration was
recorded on 7" day of storage (Fig. 2). After stabilisation of
pH, the maximum LAB counts were around 9 log cfu g'in
F1 and 10 log cfu g'! in F2. After the growth phase, decrease
in LAB counts was observed from the 7" day. This decrease
in LAB counts during the second week of incubation could
be attributed to the autolysis of the lactic acid bacteria after
the stationary growth phase (Zahar et al., 2002). A 2 log cycle
reduction observed in LAB values from 30™ day could be
due to the competition from the growth of other spoilage
bacteria. The yeast and mould (YM) count began to increase
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significantly from the 15" day of storage. Yeast and mould
count continuously increased till the 60" day of storage
(Fig. 2). Growth of YM as well as LAB was without
antagonism, which indicated suitable conditions for growth
during fermentation. The decrease in pH value also proved to
be encouraging for the growth of yeasts in the medium. Faid
et al. (1997) demonstrated that fermentation of fish silage by
LAB can be improved by addition of yeasts for combined
alcohol or lactate fermentation.

The present study suggests that fermented silage
prepared from dressing wastes (gut and gills) of Indian major
carps can be a potential source of animal protein and lipid
in feed stuffs. The silage was found to have a shelf life of
60 days at room temperature regardless of the amount of
carbohydrate used. But the addition of jaggery at 10% w/w
was found to be adequate for successful fermentation of
the fish waste. A higher concentration (20% w/w) of the
carbohydrate source was found to augment the rate of
spoilage and will invariably lead to increase in cost of
production of the silage.
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