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ABSTRACT 
	The feasibility of producing fish silage using L. plantarum as inoculum and dried date pomace as a carbohydrate source was investigated. Experiments were conducted to find the optimal fish to date pomace ratio that would give a successful fermentation, defined as pH decline to <4.5. Results showed that a successful fermentation was obtained in 1 :  fish : date pomace ratio which represent 5% fermentable sugar. The addition of sorbic acid at level 0.15% w/w based on fish weight successfully inhibited mold growth observed in some trials during the fermentation. The results suggest that in order to achieve a successful fermentation it is highly recommended to run the fermentation in clean, sanitized, and firmly sealed container. 
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1. INTRODUCTION 

Fish silage is a sustainable method for converting under-utilized fish and/or fish processing waste into nutrient rich liquid feed through chemical (acid) or biological (fermentation) process. It offers environmental and economic advantages over conventional fish meal production (Hassan & Heath, 1986; Tatterson & Windsor,1974).  Interest in fish silage is related to the desire to make the maximum use of waste fish (such as underutilized species and inedible fish) and fish offal in situations where the quantity involved, the transport cost and storage cost prohibits conversion into fish meal (Hassan & Heath, 1986). 
Fish silage has gained popularity as a cost-effective source of protein and omega-3 fatty acids for animal feed, particularly in poultry and aquaculture. It contains a high crude protein content ranging from 20% to 31%, with acid silage typically reaching around 31%, while fermented types are slightly lower at 21–28% (Tazim et al., 2021). Compared to fish meal, fish silage offers advantages such as lower production costs and easier long-term storage. According to Future Market Insights INC (FMI) analysis, the global fish silage market was valued at USD 780.9 million in 2023 and is projected to grow to USD 2,485 million by 2035. Two primary methods are used for producing fish silage: acid silage and bio-fermentable silage (Raa et.al.,1982; Hassan & Heath, 1986). Acid silage is prepared by mixing fish biomass with a certain quantity of either mineral acid (such as sulfuric or hydrochloric) or organic acids (such as formic or acetic), to lowers the pH to around 2 when using mineral acids or below 4.5 with organic acids, effectively preventing spoilage and meanwhile hydrolyzing the fish mass into a liquid or semi-liquid state. In contrast, bio-fermentable silage is produced by adding a carbon source containing fermentable sugars to the fish biomass. Fermentation is then carried out by lactic acid bacteria (LAB), which may occur naturally in the fish mass or be introduced externally to ensure successful fermentation (Ozurt et al., 2019; Faid et al., 1997; Hassan & Heath, 1986). The lactic acid bacteria produce lactic acid and antibiotics which together destroy competing spoilage bacteria (Hassan & Heath, 1986; Raa et al., 1982). 
Several low-cost carbohydrate sources have been explored for their suitability in bio-fermentable fish silage production. Hassan and Heath (1986) used commercial lactose as a fermentable substrate in biological silage preparation. According to Santana et al. (2023), molasses is widely favored due to its high fermentable sugar content and availability. Wheat bran, although lower in simple sugars, provides fermentable carbohydrates and essential micronutrients that enhance lactic acid bacteria (LAB) activity, resulting in superior protein digestibility in feeding trials. Cassava by-products offer a cost-effective agro-industrial alternative, delivering stabilization performance comparable to molasses-based systems. Additionally, UNIDO (1985) issued technical guidelines highlighting the feasibility of using sugarcane juice and its derivatives as carbon sources for fish silage fermentation in tropical regions. 
Date palm is the most significant fruit crop in the Middle East and North Africa (MENA) region, yet substantial waste is generated through various date-processing industries. One major by-product is date pomace (DP), produced during the manufacture of date honey or syrup, yielding approximately 17–28 g of DP per 100 g of fruit. This material is typically discarded, despite its high sugar content, ranging from 16.25% to 35.30% (Alqahtani, 2024). Given its composition, DP represents a promising low-cost carbon source for bio-fermentable fish silage production in MENA countries. Consequently, this study was undertaken to evaluate the feasibility of utilizing DP from the date syrup industry as a carbohydrate source for fish silage fermentation, employing Lactobacillus plantarum as the inoculum.

2. MATERIAL and methods

2.1 Date pomace 
Date pomace (DP) was obtained from Date syrup (Rub Altamar) Factory located in Khoms city, Libya. The DP was dried in oven at a temperature ranging from 60 – 65 0C for 6 hours.  Then grinded into fine powder using Simon wheat preparatory, H.S. Ltd., England. The obtained powder was kept in polyethylene bags and stored in the freezer until used.

2.2 Fish

Discarded fish species were obtained from Fish market in Tripoli city - Libya. The collected fish were ground in a meat grinder through a 5 mm and 2 mm diameter pore plates. Then mixed manually thoroughly to ensure homogeneity before packed in polyethylene bag and kept in the freezer at -100C until used.

2.3 Inoculum

L. plantarum was used as inoculum. It was obtained from the culture collection of Food Science department at the University of Reading, England. The inoculum was maintained in litmus milk at 40C. Prior to use, it was activated by successive transfer (3 times) into tomato juice broth. The inoculum was used from a culture which had grown for 18 hours. 

2.4 Experimental procedures

2.4.1 Experiment I

The experiment was designed to investigate the effect of inoculum and the proper minced fish: DP ratio that can produce sufficient lactic acid to lower pH of the mix to 4.5 or lower.
The following ratio of minced fish to DP powder were studied, 1:1, 1: , 1 : , and 1 : . 200 grams of fish were mixed with 200 grams of DP powder, then 2 ml of 18 hours’ culture of L. plantarum was added to the mixture. After mixing with a sterile spatula, the mixture was distributed into polyethylene bags, sealed and incubated at 35 + 10C. At 0, 2, 4, and 7 days, 10 grams’ sample of the mix was drawn aseptically from each bag and pH was determined. All other treatments were prepared the same with the exception of the control treatment which contained 200 grams of minced fish mixed with 200 grams of DPC powder and incubated without inoculation with L. planatrum. The aim of the control was to find if fermentation can proceed without adding inoculum. 

2.4.2 Experiment II 

The objective of this experiment was to investigate the effect of adding sorbate (0.15% based on fish weight) on pH decline and yeast and mold growth in fermented silage. 1 : , and 1 :  fish to DP powder ratio was tested. A 100 grams’ sample of minced fish was mixed with the proportion of DP in a sterilized jar and 1 ml of 18 hours culture of L. plantarum and 0.15 grams of sorbic acid were added. The ingredients were mixed thoroughly, sealed and placed in the incubator at 35⁰C + 1⁰C. Three replicates were run for each treatment, and a control (No sorbate) were also run for each level. At 0, 3, 6, and 7 days of incubation, a representative 10 grams’ sample from each jar were aseptically taken, and total viable counts, lactic acid bacteria count and mold and yeast counts were determined. The pH was also determined. 

2.5 Analytical methods 

pH was measured using WTW pH meter calibrated with buffer standard solution at pH 7 and 4. Five grams of the fermented silage were mixed with freshly boiled distilled water to a volume of 50 ml. The mixture was mixed with glass rod, left for few minutes to settle, then pH was measured on the supernatant. The proximate composition (moisture, protein, lipid, and ash) of the fish and DP powder was determined following the procedures described by Fagbenro and Jauncey (1993). Moisture content was measured by oven drying samples at 105 °C to a constant weight. Ash content was obtained by incinerating the dried residues in a muffle furnace at 550 °C for 24 h. Total nitrogen (N) was determined using the Kjeldahl method, and crude protein was calculated as N X 6.25. While Fat was analyzed in dried minced fish and date pomace by extracting 5 – 10 grams’ sample with petroleum ether (40 – 60⁰C) in a continuous extraction apparatus of the soxhlet type. Total sugars in DP powder was determined using lane and Eynon, s method according to AOAC (2023). 
Total viable counts, lactic acid bacteria count, and mold and yeast counts of fish silage were determined as per Speck (1976). Total viable counts were determined using plate count agar incubated at 37 °C for 48 hours. Lactic acid bacteria were enumerated on tomato juice agar after incubation at 37 °C for 24–48 hours. Mold and yeast counts were assessed using potato dextrose agar, with plates incubated inverted at room temperature for 5 days. All microbiological results were expressed as colony-forming units(CFU) per gram of fish silage. 

3. RESULT and DISCUSSION

Proximate composition of fish and dried date pomace (DP) used in this study is shown in table 1. Fish contained moisture 71.44 + 2.58 %, crude protein 16.50 + 1.55 %, fat 10.33 + 1.45 %, and ash 5.88 + 1.65 %. DP contained 7.40 + 0.13 % moisture, 3.83 + 0.14 % protein, 0.6 + 0.07 % fat, 3.83 + 0.07 % ash, and 21.91 + 0.09 total sugars. These results indicate the high nutritive value of the discarded fish and stress the importance of this study and why it was conducted, meanwhile, reflect the economic and nutritional value of fish discards or waste to be used as an ingredient in feed formulation by farmers on small scale.
 The proximate composition of the fish used in this study is different from the proximate composition of other fish reported in the studies of Abowei and Tawari (2011), Tatterson and Windsor (1974), Hassan and Heath (1986), Ozyurt et al., (2015). The variation noted in proximate composition between the result of this study and other studies are related to the age, sex, physiological condition of fish and season of the year. 
Results in table 1 also revealed that DP contained 22% total sugars, making it a good potential source of fermentable carbohydrates for use in the production of fish silage through fermentation. The total sugar contents of date pomace obtained in this study agree with Algahtani (2024), who reported that the sugar contents of date pomace ranged from 16.25 to 35.30%.

Table 1. Proximate composition of fish and dried date pomace (DP) used in preparing fish silage in this study
	Raw materials
	Moisture
%
	Protein
%
	Fat
%
	Ash
%
	Total sugars
%

	* Fish 
	71.44 + 2.58
	16.50 + 1.55
	10.33 + 1.45
	5.88 + 1.65
	-

	Date pomace
	7.40 + 0.13
	3.83 + 0.14
	0.6 + 0.07
	3.83 + 0.07
	21.91 + 0.09


  *Fish mixture (Saddled sea bream and other species) 

Results of added DP powder on lactic acid production by L. plantarum in fish are shown in table 2.  All levels of DP tested caused a decrease in pH at 2 days of incubation compared to the initial pH at zero time. Moreover, inoculation with L. planatrum accelerated acidification and achieved lower minima earlier compared with non-inoculated control treatments. Results also indicated that a successful fermentation (decline of pH to 4.5 or lower) was obtained in 1 :   ratio after 2 days of incubation at 35⁰C + 1⁰C.  This ratio shows that a minimum of 5% fermentable sugar is needed to decline pH to < 4.5 in the fish tested. This finding agree with Hassan and Heath (1986) who reported that a minimum of 4% commercial lactose is required to achieve a successful fermentation to pH 4.5 in whole white perch while a 3% commercial lactose is required to achieve a pH value of < 4.5 in whole trout. The differences in percent fermentable sugars required to achieve successful fermentation in this study and the study of Hassan and heath (1986) is due to variation in buffering action. The buffering capacity of a biological system is dependent on protein and/or amino acid contents, as well as other weak acids and weak salts that might be present. 
Since the pH value of fresh fish used in this study ranged from 6.6 to 7, it is not expected that protein or amino acids of fish will play a major role in buffering capacity with exception of histidine which has a pKa value of 7. Therefore, the major component that could affect the buffering capacity is ash content which is composed of salts in the form of phosphate, carbonates, etc. In addition, some elements would tend to react with lactic acid and form a salt of weak acid that might increase the buffering capacity. These reasoning are supported by examining the proximate composition of fish used in this study presented in table 1 and the proximate composition of white perch and trout reported in Hassan and heath (1986) especially for ash content which were respectively 5.70 and 2.56%. 
 No further decrease in pH was recorded at 7 days of incubation in all treatments that did not show a pH value of 4.5 or lower at 2 days of incubation (table 2). However, a rise in pH value occurred in all treatments that showed a decline in pH at 2 days of fermentation with exception of the control treatment where pH kept declining and reached 4.96 at 7 days of fermentation. 

Table 2. Effect of added date pomace powder (DP) on pH decline of fish during fermentation by L. plantarum at 35 + 1⁰C
	Treatments
Fish : DP 
	pH value at

	
	0 day
	2 days
	4 days
	7 days

	
*1 : 1 
	
5.75
	
5.60
	
5.53
	
4.96

	1 : 1
	5.75
	5.25
	4.71
	4.91

	1: 
	6.1
	4.57
	4.82
	6.17

	1 : 
	6.52
	4.45
	4.63
	5.43

	1 : 
	6.70
	4.70
	4.72
	5.05


 *Control was not inoculated with L. plantarum. 

The rise in pH noted in all treatments were accompanied with visible mold growth. The mold growth was high in ratio 1:1 fish : DP  and lowest in ratio 1 :  . The rise in pH could be attributed to contamination by mold or yeast during preparation and frequent sampling from the same bags, and/ or from the bags or the utensils used in the preparation of the treatments under study since they were not sterile. It is known that fungi are able to grow at low pH and some strain are able to use lactic acid as a source of carbon. (Hassan and heath 1986).
The results presented in table 2 indicated that a successful fermentation could be obtained with fish to DP ratio 1 :  and 1 :  if mold contamination can be avoided by following certain precaution and/or adding antimitotic agent such as sorbic acid to the mixture before start of fermentation. Table 3 shows the effect of adding sorbic acid on inhibiting mold growth when using sterilized jars for carrying the fermentation instead of using polyethylene bags. Ratio 1 :  fish to DP ratio showed successful fermentation where pH declined from 6.64 at zero time to 4.40 at 3 days of fermentation. A decrease in pH was also observed in the other treatment ( 1 :  ) when the recorded pH were compared to the initial pH, but no successful fermentation was obtained even after 7 days of fermentation in this treatment (table 3).

Table 3. The effect of adding sorbic acid on pH decline in fish DP mix
	
Fermentation
 time (days)
	1 :  fish: DP 
pH value
	1 :  fish: DP
pH value

	
		*	Control
	**Sorbic acid
	Control
	Sorbic acid

	0
	6.90
	6.90
	6.64
	6.64

	3
	5.20
	4.90
	4.40
	4.4

	6
	5.0
	5.0
	4.45
	4.5

	7
	5.23
	4.97
	4.44
	4.5


 *No sorbic acid added
** 0.15% Sorbic acid added based on fish weight.

The 0.15% sorbic acid tested suppressed L. plantarum growth during the first 3 days of fermentation. It only reduced the number without affecting acid production. The pH values reported within each treatment did not show a major variation. These results will have commercial significance because sorbate can be used to control mold and yeast growth in fish silage without having drastic effect on L. plantarum growth (Table 4 and 5). 
Table 4 and 5 list LAB counts, total viable counts and yeast and mold counts, obtained at zero time and at 72 hours of fermentation of 1 :  and 1 :  fish : DP treatments with and without added sorbic acid. Differences in counts between LAB and total viable counts were not appreciable. This suggest that the majority of microorganisms present in the silage are LAB. Visual inspection of colonies grown on total plate count agar and tomato juice agar indicated that they are homogenous. It was reported that lactic acid organisms that grow in food products or vegetable silage are capable of producing antibacterial factors which eliminate other natural flora particularly Gram negative organisms (Ibrahim et. al., 2021). The results presented in Tables 4 and 5 indicate that the incorporation of 0.15% sorbic acid (w/w, relative to fish weight) markedly suppressed the proliferation of mold and yeast during fermentation in 1 :  and 1 :  fish : DP treatments. Mold and yeast inhibition was evident at both 3 and 6 days of fermentation, in contrast to the mold and yeast counts recorded at the onset (zero time). These findings agree with Santana et.al.(2023) who reported that the incorporation of sorbic acid at a concentration of 0.25% (W/W) in fish viscera silage effectively inhibited mold growth and maintained a pH level conducive to silage preservation. 
The observed suppression of mold and yeast proliferation following the addition of 0.15% sorbic acid underscores its effectiveness as a preservative in fermented fish systems. Sorbic acid is widely recognized for its antifungal properties, primarily through inhibition of microbial respiration, which prevents the growth of spoilage yeasts and molds (Stratford et al., 2020). In the present study, the inhibition of fungal growth at both 3 and 6 days of fermentation compared to initial levels suggests that sorbic acid maintained its inhibitory activity throughout the fermentation process. 
Similar findings have been reported by Santana et.al.(2023) who reported that the incorporation of sorbic acid at a concentration of 0.25% (W/W) in fish viscera silage effectively inhibited mold growth and maintained a pH level conducive to silage preservation.  Moreover, sorbic acid has been shown to be effective across diverse food matrices, including fruit-based products, where it prevents fungal spoilage and extends shelf life (Bento de Carvalho et al., 2024).




Table 4. Effect of adding sorbic acid on total viable counts, Lactic acid bacteria (LAB) counts and mold and yeast counts of 1 :  fish to DP ratio
	


Fermentation period
(Days)
	1 :  fish to DP ratio

	
	Total viable counts
cfu/gm
	LAB counts
cfu/gm
	Mold & yeast counts
cfu/gm

	
	*Control
	Sorbic acid
	Control
	Sorbic acid
	Control
	Sorbic acid

	0
	90x105
	90x105
	10x106
	10x106
	20x102
	20x102

	3
	10x108
	16x107
	60x107
	90x106
	30x102
	nd

	6
	16x107
	60x106
	90x106
	40x106
	10x103
	nd


*Treatment without adding sorbic acid
Nd: No growth observed. 

Table 5. Effect of adding sorbic acid on total viable counts, Lactic acid bacteria (LAB) counts and mold and yeast counts of 1 : fish to DP ratio
	


Fermentation period
(Days)
	1 : fish to DP ratio

	
	Total viable counts
cfu/gm
	LAB counts
cfu/gm
	Mold & yeast counts
cfu/gm

	
	*Control
	Sorbic acid
	Control
	Sorbic acid
	Control
	Sorbic acid

	0
	12x105
	12x105
	13x106
	13x106
	30
	30

	3
	45x109
	40x108
	40x109
	50x108
	nd
	nd

	6
	80x104
	80x104
	80x105
	50x105
	nd
	nd


*Treatment without adding sorbic acid
Nd: No growth observed. 

Collectively, the findings demonstrate that sorbic acid constitutes an effective intervention for the suppression of fungal contamination in fish silage fermentation, thereby contributing to improved product safety and quality. The reproducibility of its antifungal activity across diverse food matrices substantiates its continued utilization in both traditional and industrial fermentation practices. 

4. Conclusion

The results from this study showed that DP can be used as a source of fermentable sugar in fish silage production by biological fermentation. The optimum fish to DP ratio is 1 :   needed to achieve successful fermentation to drop pH of fish to < 4.5 . It is strongly recommended to use sorbic acid at level 0.15% on fish weight in order to avoid risk of mold and yeast growth in fish silage. 
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