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Abstract

Dried silver cyprinid (Rastrineobola argentea) has the potential to provide an affordable and
accessible food-based strategy to fight malnutrition among Ugandans and enrich diets of the
vulnerable persons. However, there is inadequate information on changes in the nutritional
content and safety of stored dry silver cyprinid along the local handling chain. This study
evaluated the effect of conventionally used packaging on microbial safety and nutrient quality
of dry silver cyprinid during storage. Freshly dried silver cyprinid was obtained from stores at
four landing sites on Lake Victoria and stored in open and closed gunny bags for 8 weeks.
Samples were collected at 0, 1, 2, 4, 6 and 8 weeks of storage and assessed for nutritional and
microbial quality. The type of packaging used (open or closed gunny bags) had no significant
effect on most nutrient content and microbial safety parameters (p >0.05) except iron content,
aflatoxin content, and TVBN content. Open gunny bags had higher aflatoxin content, greater
iron degradation and greater variation in TVBN as compared to closed gunny bags
throughout the storage duration. The observed difference in some of the quality parameters
can be attributed to increased permeability to oxygen and moisture in open gunny bags as
compared to closed gunny bags.

Keywords: Silver cyprinid, Rastrineobola argentea, Packaging, Nutritional quality,
Microbial safety, Aflatoxins

1. Introduction

The fisheries industry provides high quality proteins, micro nutrients and ultimately
employment, thus contributing to food security of various individuals and economic
development worldwide. Silver cyprinid (Rastrineobola argentea) is a small pelagic fish of
growing importance in Uganda because of its economic and nutrition contribution. Dry silver
cyprinid contains substantial amounts of high-quality proteins, calcium, iron and vitamin A
(Kabahenda et al., 2011). Therefore, utilizing silver cyprinid can enrich diets of vulnerable
individuals.

Silver cyprinid is a cheap fish that can be incorporated in complementary diets of infants if
they are to meet the specified nutrient requirements. However, dry silver cyprinid could be
prone to changes in nutrient content, taste and flavor during storage (Kabahenda et al., 2011;
Ibengwe, 2011). In addition, exposure to microbes (Immaculate et al., 2013), lipid oxidation
agents and insects (Kabahenda et al., 2009) through poor post-harvest handling practices
(Ssebisubi, 2013) and poor packaging augment quality deterioration. Therefore, all these
compromise the nutritional quality of silver cyprinid.

In Uganda, dried silver cyprinid is packaged in polythene bags (URN, 2012), which can be
closed or open gunny bags or is just left in the open (Kabahenda et al., 2009; Ssebisubi, 2011,
Masette, 2013) at ambient temperature of about 25-30 <C (Farzana et al., 2014). The reasons
for utilization of these package options range from their ability to maintain quality (Wasswa
R., personal communication, Dec 10, 2016), to the lack of motivation to modify these
packaging practices and the market availability or demand (Legros & Luomba, 2011).
Nonetheless, all these packaging options are permeable to oxygen and moisture and thus
allow the dry fish to exchange moisture and air with the environment (Alcock et al., 2007).

Moreover, open storage at ambient temperature encourages contamination by mycotoxin
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producing fungi (Sam et al., 2015); insect infestation, which affects sensory properties and
leads to nutrient degradation, hence post-harvest fish losses (Getu et al., 2015, Atanda et al.,
2013). The resultant nutrient degradation and microbial safety of stored dry silver cyprinid
could lead to limited nutrient availability and utilization of fish by humans especially the
vulnerable groups. Therefore, this study evaluated the effect of the commonly use packaging
options (open and closed gunny bags) on the nutrient and microbial quality of dried silver
cyprinid. Packaging options that minimize quality losses can be optimized and promoted for
general storage and handling of silver cyprinid.

2. Materials and Methods

Samples were picked from different Lake Victoria landing sites and the storage studies were
carried out in Kampala, Uganda.

2.1 Study Design and Sampling

About 24 kilograms of dry silver cyprinid were obtained from a selected store from each of
the four landing sites. These samples were pooled together to get a representative sample
which was later repacked. The dried fish was repackaged in 2 kg open and closed gunny bags
and stored at ambient temperature in Kampala (Figure 1).

Figure 1. Simulation storage experiment of dry silver cyprinid: a-silver cyprinid placed in
open gunny bags, b-silver cyprinid placed in closed gunny bags, c- probes used to record
temperature and relative humidity of the store). Photo credit by Mary Namwanje, 2017

Sampling for quality analyses was done before storage (time, t=0), after 1, 2, 4, 6 and 8
weeks in storage. The analyses were carried out in triplicate.
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Figure 2. Study design and analyses carried out during the two-months’ storage experiment
that simulated the packaging and storage conditions at landing site stores for dry silver
cyprinid

2.2 Analyses

Laboratory analyses included proximate composition, lipid oxidation products, pH, total
coliform, total plate count, yeast & moulds, and microbial degradation products. Moisture
content of samples was determined following the oven method procedure (AOAC, 1996).
Crude protein was quantified using the Kjeldahl method (Kirk & Sawyer, 1991) and a
conversion factor of 6.25 (1SO 5983-2, 2009). Crude fat was determined using the Soxhlet
extraction method (AOAC, 1996) while ash content was determined using the dry ashing
method (AOAC, 2005). Iron content was determined according to Atomic absorption
spectrophotometry (Perkin Elmer, 400 manual).

Degree of lipid oxidation was determined using acid value test, thiobarbituric acid test and
peroxide value (Angelo, 1996; Mbunda, 2012; Neilsen, 2010). To measure pH, about 5 g of
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powdered dry fish sample was dissolved in 75 mL of water in a beaker and a standardized pH
meter (HI 2210) used to record the pH of the solution (AOAC, 1995). TVBN and TMA were
measured using the protocol by Malle and Poumeyrol, (1989). Aflatoxin content was
determined according to the method of Romer Labs (2014) with slight modifications.
Microbes (Yeasts & moulds, total coliforms and total plate count) were quantified after
culturing on growth media.

Throughout the entire study, temperature and humidity of the experiment store was recorded
thrice per day (8:00 am, 12:00 noon and 6:00 pm) for 2 months using digital probes (Figure
1c).

2.3 Statistical Analyses

One-way ANOVA was used to test for differences in analyzed parameters of dry silver
cyprinid at varied weeks in the store. Regressions and correlations were run between different
variables inorder to explain whether there was any relationship among observed variables.
Statistical analysis of data was carried out using SPSS software (version 21) and significant
differences were observed at p < 0.05.

3. Results
3.1 Effect of Packaging on Nutrient Content

Table 1 and Figure 3 summarize the effect of packaging on nutrient retention in stored silver
cyprinid. Although storage duration affected nutrient retention, the type of packaging used
(open or closed gunny bags) had no significant effect on retention of nutrients (p >0.05;
Figure 3). Protein content of dried silver cyprinid increased from 49% to 53.52%. Fat content
decreased from 9.38% to 8.56%. Moisture content decreased from 14.09% to 12.40% (Figure
3). Ash content increased from 13.62% to 14.23%.
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Figure 3. Nutrient content (%) of dry silver cyprinid stored up to 8 weeks in open and closed
gunny bags.
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The type of packaging used (open or closed gunny bags) had a significant effect on retention
of iron (p<0.05; Table 1). Storing silver cyprinid in open gunny bags led to a significant
reduction in iron content(p<0.05).

Table 1. Iron content of dried silver cyprinid stored in open and closed gunny bags

Storage time Package Iron content (mg/100g)
0 weeks None (Control) 15.340.4%
8 weeks Open gunny 12.541.1°

Closed gunny 15.242.3°

Different superscipts (a, b) along the columns for the iron content show significant
differences (p < 0.05) in the variable between the packages.

3.2 Effect of Packaging on Microbial Quality of Silver Cyprinid

Although storage duration affected the microbial quality of silver cyprinid, the type of
packaging (open or closed gunny bags) had no significant effect on microbial quality of the
fish ((p > 0.05; Figure 4). Total plate counts, total coliforms and fungal counts decreased
from 7.1 to 6.6 log cfug™, 4.2 to 2.3 log cfug™, 3.9 to 2.3 log cfug™ respectively during the
eight weeks of storage (Figure 4).
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Figure 4. Changes in the content of different microbes on dried silver cyprinid during the 8
weeks of storage
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3.3 Effect of Packaging on the Chemical Quality of Silver Cyprinid

The chemical quality was evaluated using lipid breakdown indicators (peroxide value,
TBARs and free fatty acid content), protein degradation products (TMA and TVBN) and
aflatoxin content. The type of packaging used (open or closed gunny bags) did not have a
significant effect on peroxide value, TBARs, free fatty acid content, and TMA (p >0.05).
However, the packaging type significantly affected aflatoxins and TVBN content of silver
cyprinid (Table 2 and Figure 6). Silver cyprinid stored in open gunny bags had significantly
higher TVBN and aflatoxin (p< 0.05) content than that in closed gunny bags. Throughout the
8 weeks of storage, TVBN decreased from 6.3 to 3.24 mgN/100g.

Table 2. Aflatoxin content of dried silver cyprinid stored in open and closed gunny bags

Storage time Package Aflatoxin content (ppb)
0 weeks None (control) 12.4 +1.3%
8 weeks Open gunny 14.7+0.6°

Closed gunny 13.341.4°

Different superscipts (a, b) along the aflatoxin content columns show significant differences
(p < 0.05) in the variable between the packages used.

In general, free fatty acid (FFA)content increased from 0.0597mg KOHg™ to 0.0697mg
KOHg™ (Figure 5). Peroxide value, TBARSs content, pH, TMA content, and TVBN content
decreased from 1.94 meqO,/kg to undetectable levels, 71.38 to 48.43, 6.43 to 6.26 (Figure 5),
3.26 to 1.89mgN/100g, and 6.3 mgN/100g to 3.24 mgN/100g (Figure 6), respectively during
the eight weeks of storage. During the first 4 weeks in storage, FFA (Figure 5 A) and TVBN
increased (Figure 6A) before decreasing but TMA increased in the first 2 wks then decreased
(Figure 6 B).
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Figure 6. TVBN(A) and TMA(B) content of stored dried silver cyprinid

4. Discussion
4.1 The Effect of Packaging on Nutrient Content of Stored Silver Cyprinid

The packaging (open and closed gunny) did not significantly affect the nutritional
composition (moisture, ash protein and fat content) of the stored dry silver cyprinid over the 8
weeks’ storage duration, despite the observed increase in protein content which could be due
to reduction in moisture with storage Nonetheless, it is likely that the difference in
permeability of the closed gunny and open gunny bags was not sufficient to facilitate changes

in nutritional composition.

The type of packaging used (open or closed gunny bags) had a significant effect on retention
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of iron content in dry silver cyprinid. The difference in iron content between open and closed
gunny bag stored fish could be attributed to the varied rates of lipid oxidation (Sam et al.,
2015) coupled with long storage duration at ambient temperature. Since open gunny bags are
more permeable to oxygen and moisture as compared to closed gunny bags, these may have
facilitated a faster rate of lipid oxidation (Alcock et al., 2007).

4.2 The Effect of Packaging on Microbial Content of Stored Dry Silver Cyprinid

The packaging (open and closed gunny) did not significantly affect the microbial quality of
the stored dry silver cyprinid over the 8 weeks of storage duration and it was similarly
reported by Ayodele and Oyeleye, (2013). This can be attributed to some of the properties
of gunny bags such as their permeability to oxygen and moisture which allow contents to
breathe (Alcock et al., 2007). Thus, the rate of oxygen and moisture exchange between the
two different packages (open and closed gunny) and the environment created conditions that
would facilitate microbial growths at almost the same rate (Kilic, 2009; Vazirianzadeh, 2008,
Glucas, 1982).

The presence of microbes in fish results in economic losses, detrimental effects to human
health and non-palatability of the fish product thus giving a negative correlation between
TPC and over all acceptability (Reza et al., 2015).

4.3 The Effect of Packaging on Chemical Quality of Stored Dry Silver Cyprinid

The packaging (open and closed gunny) did not significantly affect most of the chemical
quality parameters of stored dry silver cyprinid over the 8 weeks of storage except TVBN and
aflatoxins concentration. The lack of significant difference can be attributed to properties of
gunny bags such as their permeability to oxygen and moisture which allow contents to
breathe, support microbial and enzyme activity (Alcock et al., 2007, Immaculate et al., 2013;
Saritha et al., 2012). This is in disagreement with Odoli (2015) and Nguyen et al., (2012) who
reported packing method to influence lipid oxidation during storage.

The consequences of significant difference in chemical quality of stored dry silver cyprinid
include deterioration of flavour, appearance, odour, colour and palatability of the fish.
Interaction of oxidation products with proteins would lower the availability of essential
amino acids and thus a negative correlation between protein content and lipid content (Diniz
etal., 2013).

The FFA content was below acceptable limit of 3 mgKOH/g and thus if FFA content was the
only quality assessment carried out the stored dry fish would be of good quality. Although the
pH of stored silver cyprinid reduced with increased storage time, it remained within the range
of 6.0-6.9 for good quality (Kakati et al., 2017). During fish spoilage, a pH above 7.0
indicates poor quality, pH increases with increasing storage time was reported in sun dried
and salted Shoal fish at room temperature (Farid et al., 2014). Decrease in pH of this study
can be attributed to decrease in moisture content to a point that can still favor microbial
growth (Onyuka et al., 2014, Gandotra et al., 2012). The reduction in TMA content of dried
silver cyprinid was probably due to conversion of TMA to yield other bases such as ammonia,
dimethyl amine and trimethylamine.

The significant effect of packaging (open or closed gunny bags) on the aflatoxin content
would be attributed to the varied permeability of open and closed gunny bags and exposure to
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moisture and air (Sam et al., 2015). Open gunny bags which are more permeable to oxygen
and moisture could have provided ideal environment for the aflatoxin producing mold
compared to closed gunny bags. However, on the overall stored silver cyprinid samples
contained aflatoxin levels higher than the recommended level for baby foods as well as for
the adults (10 ppb: EAS., 2014).

Generally, peroxide value, total volatile basic nitrogen and tri methyl amine were within the
acceptable limits of 5meqO2/kg, 35mgN/100g, 15mgN/100g (Codex 2017, Connell, 1995,
Gopakumar, 2002; Karim et al., 2011) respectively, and this suggested that the fish was not
spoilt and could therefore be having a shelf life of at least two months in closed or open
gunny bags at ambient temperature of storage.

5. Conclusions

Packaging affected microbial quality, physical chemical properties and protein content of the
stored samples. Storing dried silver cyprinid in closed gunny bag slows down the rate of
protein and lipid degradation by microbes, oxidation/hydrolysis of fish. Therefore, dried fish
kept in closed gunny bags may keep longer than that in open gunny bags. The study has also
shown that dried silver cyprinid can remain stable or at least two months when stored in open
or closed gunny bags at ambient temperature. Future studies should evaluate the potential of
using hermetic storage to enhance the shelf life stability of dried silver cyprinid. Further
packaging options that minimize quality losses can be optimized and promoted for general
storage and handling of silver cyprinid.
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