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Abstract
The present study was carried out to evaluate date pits (DP) as a feed ingredient for juvenile and adult Nile tilapia (Oreochromis niloticus) reared in a recirculating system. Five isonitrogenous (35% crude protein), isocaloric (450 kcal GE/100g) test diets were prepared. Date pits replaced wheat bran in the test diets at 0, 25, 50, 75 and 100% substitution levels. The diets were fed to duplicate groups of Nile tilapia fingerlings (10 g) and adults (50 g) at 3-4% of their live weights per day, twice a day, for 70 days. Fish DP-based diets at all inclusion levels exhibited significant retardation in growth rates and feed utilization efficiency. Body composition was not significantly affected by DP inclusion except for body lipid which was significantly reduced in adult fish fed DP at a 100% inclusion level. This result revealed that, despite the sharp retardation in the performance of Nile tilapia fed raw date pits, the expected reduction in the cost of DP-based diets may justify the use of this by-product in Nile tilapia feed. However, further work is urgently needed to improve the quality of DP for tilapia, using proper processing and treatment techniques.  
Introduction


Dates are considered as one of the most important food crops in many countries around the world, especially in tropical and subtropical regions. However a substantial amount of this production is inedible due to its low quality. This portion is used mainly as fertilizer, or animal feed. A number of studies have been conducted on the use of date by-products for sheep (Tag El- Din and Nour 1993; El Hag et al. 1996), poultry (Hussein et al. 1998) and Calves (El Hag and El Khanjari 2000).

Date pits (known also as date stones, kernels, or seeds) represent about 13-15% of the total weight date fruits (Hussein et al. 1998). Date pits contains about 10-20% fiber and 55-70% nitrogen free extract (NFE) depending on date species and varieties (FAO 1999). About 55-73% of NFE in the date pits is mainly starch (Yousif et al. 1996; Hussein et al. 1998; Ali et al. 1999).
The high content of NFE in date pits has attracted the attention of a number of researchers to evaluate its potential use in animal feed, with promising results. Dietary inclusion of date pits significantly improved the growth and feed utilization of sheep (Elgasim et al. 1995), rats (Ali et al. 1999) and poultry (Vandepopulieve et al. 1995; Hussein et al. 1998). Yet, few studies have been conducted on the use of dates and date by-products as feed ingredients in fish diets, with varying results. For example, studies on Nile tilapia (Al Asgah 1988; Omar and Nour 1993; Belal and Al Jasser 1997) revealed that dates and by-products could be used as a nutritional source for these fish.

On contrast, Yousif et al. (1996) reported that the growth and feed efficiency of blue tilapia (O. aureus) fed dates -based diets were very poor. They suggested that those ingredients are not recommended as a carbohydrate source for tilapia because they are almost entirely simple sugars, whereas tilapia are known to assimilate complex sugars more efficiently than simple sugars (Shiau and Lin 1993; Shiau and Chung 1995). 
It is evident, therefore, that more research is needed to settle this dispute. The present study was conducted to further investigate the use of date pits as an energy source for two sizes (10g and 50g) of Nile tilapia.

Materials and Methods

Fish and culture facility
Nile tilapia (Oreochromis niloticus) used in the present study were produced in aquaculture facility, College of Food Systems, UAE University, but the original stock was obtained from Saudi Arabia. The fish were counted and weighed to the nearest g and the average initial weight (g/fish) was calculated. The fish were stocked into 70 l fiberglass tanks in a closed, recirculating indoor system, at a density of 15 fish/tank and 10 fish/tank for the fingerlings and adults, respectively. The tanks were provided with central drainage pipes surrounded by outer sleeves pipes, perforated at the bottom, to facilitate waste removal and continuous self-cleaning. The culture system was also provided with a biological filter, aeration through an air compressor and thermostat to keep water temperature at 27 C. About 15% of the water was replaced by new fresh water daily. Lighting in the culture unit was set at 14:10 L:D cycle. Water quality parameters including dissolved oxygen (DO), ammonia (NH4-N), Nitrites ( NO2-N), nitrates (NO3-N) and pH were monitored weekly. 
Experimental diets
Date pits were obtained from El Sad Date Factory at Al Ain, UAE. The pits were finely grounded using a feed grinder, sieved, and stored in labeled containers until used. The chemical composition of date pits was determined prior to the preparation of the test diets (Table 1).
Five isonitrogenous (35% crude protein), isocaloric (450 kcal GE/100g) test diets were prepared, as described by El-Sayed (1990). Date pits (6.7% crude protein, 12.1% ether extract, 10.42% crude fiber, 1.0% ash and 69.8% nitrogen free extract) replaced wheat bran as an energy source at 0, 25, 50, 75 and 100% substitution levels (Table 2). The fish were fed the test diets for a one-week conditioning period to adapt them to these test diets. After the conditioning period was completed, fish in each tank were reweighed, and their initial weights were recorded. 

The diets were fed to the fish, two times a day at 8:00-9:00 am and 15:00-16:00 pm, 6 days a week. The initial feeding levels were 5% for the fingerlings and 4% for the adult fish, reduced to 4% and 3%, respectively, beginning of the second month. Fish were weighed at 10-day intervals, and the amounts of feed offered readjusted accordingly.

Body composition analysis
At the termination of the study, all fish in each tank were netted, weighed and frozen for final body composition analyses. Initial body analyses were performed on a sample of fish, which were weighed and frozen prior to the study. Proximate analyses of body water, protein, lipid, and ash were performed according to standard AOAC (1995) methods.

Statistical analysis
Simple linear and non-linear regressions were performed to correlate the obtained results. One-way and tow-way analysis of variance (ANOVA) were performed using Tuky Test (Tuky, 1953), to lest the effect of dietary treatments, fish size and their interaction on fish performance of both fingerling and adult fish.

Results

Fingerling fish

The present results indicated that fish performances of fingerling and adult Nile tilapia were significantly affected (P<0.05) by dietary treatments (Table 3). Growth rates, including weight gain and specific growth rate (% SGR) of fish fed the control diet (wheat bran-based diet) were significantly higher than fish fed DP-based diets (P<0.05). However, the difference in growth rates of fish fed date pits at 25%-100% was not significant (P> 0.05).
The feed conversion ratio (FCR) of Nile tilapia fed DP at 25% inclusion levels was significantly poor (P<0.05), compared with those fed wheat bran-based diets. Increasing dietary DP levels from 25 to 100% did not cause any further deterioration in FCR (P>0.05). Protein production value (PPV) was also significantly affected (P<0.05) by dietary DP in both fingerling and adult fish, where increasing date pits levels significantly reduced PPV.

Body composition of fish fingerlings is summarized in Table 4. Body moisture, crude protein, and ash were almost similar for all groups, indicating that they were not significantly affected by dietary treatments. On the other hand, crude lipid was significantly affected. Increasing DP level up to 100% caused significant retardation (P<0.05) in body crude lipids.

Adults fish
The trends in the performance of adult fish (50 g) were similar to that of fingerlings (Table 3). The ADG, % weight gain % SGR, FCR and PPV of fish fed the control diet was significantly better (P<0.05) than those fed the DP-based diets. Meanwhile, the performance of fingerlings was better than that of adults. This finding indicates that Nile tilapia fingerlings can utilize date pits more efficiently than adults. On the other hand, body composition of adult Nile tilapia was not significantly affected by DP inclusion levels. 
Discussion

The significant deterioration in the growth and feed utilization efficiency of fingerling and adult Nile tilapia fed DP-based diets in present results, suggests that DP may not be a proper feed ingredient in tilapia feeds. Similar results have been reported by Yousif et al. (1996) found that who found that blue tilapia (O. aureus) fed dates and date pits as carbohydrate sources had significantly poor performance. 
The poor performance of tilapia fed DP may have been due to their high contents of simple sugars (Yousif et al. (1996), whereas tilapia are known to utilize complex sugars more efficiently than simple sugars. In support, Shiau and Lin (1993) studied the effects of starch or fructose on the growth and feed efficiency of O. niloticus x O. aureus hybrids. They found that starch was better utilized than glucose. In addition, when the same fish were fed diets containing polysaccharides (starch), disaccharides and glucose, they grew better on starch followed by disaccharides, while glucose produced the lowest growth rates (Shiau and Chung 1995). 

Carbohydrate utilization by tilapia may also be affected by fish size and carbohydrate source. In the present study, despite the poor performance of Nile tilapia fed DP-based diets (which contained high carbohydrate level), fingerling fish (10g) utilized date pits more efficiently than adult fish (50g). On the other hand, Tung and Shiau (1993) found that when two sizes of tilapia hybrids (0.46 and 4.55 g) were fed glucose or starch, larger fish utilized glucose more efficiently than smaller fish, while starch was utilized equally by both sizes.
The date pit carbohydrates may contain amylase inhibitors, or other anti-nutrients that would reduce their utilization by tilapia. For example, El-Sayed et al. (2000) found that wheat bran contains protease inhibitor, the activity of which may negatively affect food digestibility. Therefore, proper processing of carbohydrate sources may improve their quality for tilapia. In support, El-Sayed (1991) found that cooking sugar cane bagasse slightly improved its utilization by T. zillii. More recently, this author (2003) found also that fermented water hyacinth was better utilized than fresh water hyacinth when incorporated in Nile tilapia diets at 20% levels, while at 10% inclusion level both fermented and fresh hyacinth were utilized equally. These results suggest that proper processing of date pits may improve their quality for tilapia.
A number of studies have considered the effects of processing of date pits on their quality for fish and land animals. Yet, the results have not been not encouraging. Al-Darmaki (2003) found that treating date pits with sulfuric acid, or supplementing date pits-based diets with exogenous enzymes did not improve their quality for Nile tilapia. Similarly, acid treatment of date pits with sulfuric acid had no significant effect on growth performance and feed utilization of broilers (Hussein et al. 1998) or rats (Ali et al. 1999). It is evident that other treatment and processing methods must be tested.
In contrast to the present study, Al Asgah (1988) found that date pits can replace wheat bran-barley mixture in common carp feed at up to 75% inclusion level, without any significant retardation in fish growth and feed utilization efficiency. That result may indicate that the effect of dietary date pits on fish performance is species specific. Moreover, the chemical composition of date pits used in that study was different from that used in the present study. That difference may have also affected the results, and made the comparison inappropriate. 
It has been suggested that the increased fiber content of date pits may reduce their quality for fish and decrease fish growth. In monogastric animals, the high fiber content of date pits was reported to cause decreased weight gain (Vandepopuliere et al. 1995). However, the low fiber content of the DP-based diets in the present study (4.3-5.7%) may exclude this assumption, since tilapia have been shown to grow extremely well at up to 5% supplemental fiber (Dioundick and Stom 1990). 
In conclusion, the present study revealed that raw date pits may not be good source of energy for cultured Nile tilapia. Lower inclusion levels (<25%) must also be tested in order to determine the most appropriate substitution level that would provide reasonable growth of tilapia. However, the expected reduction in the cost of DP-based diets may justify the use of this by-product in Nile tilapia feed. Further work is also needed to improve the quality of DP for tilapia, using proper processing and treatment techniques. 
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Table 1. Composition and proximate analysis of the test diets.
	Ingredient (%)
	Percentage of date pits:

	
	0 (Control)
	25
	 50
	 75
	 100

	Fish meal
	38.0
	40.0
	41.0
	42.0
	43.0

	Wheat bran
	53.0
	39.0
	26.0
	13.0
	0.0

	Date pits
	0.0
	13.0
	26.0
	39.0
	51.0

	Soybean oil
	5.0
	4.0
	3.0
	2.0
	2.0

	(Vit.+ Min. Mix)1
	3.0
	3.0
	3.0
	3.0
	3.0

	Binder (CMC)2
	1.0
	1.0
	1.0
	1.0
	1.0

	Protein
	38.6
	39.3
	37.8
	37.7
	36.9

	Lipids
	10.4
	10.7
	10.7
	10.5
	9.4

	Fiber
	4.4
	5.7
	4.3
	5.2
	5.4

	Ash
	8.9
	8.9
	8.6
	8.2
	8.1

	NFE3
	37.8
	35.4
	38.7
	38.5
	40.3

	GE (kcal/100g)4
	468.4
	465.1
	470.0
	466.5
	459.3


1Vitamin mix (per kg of feed): A, 10 000 IU; D, 1500 IU; E, 200 IU; C, 300 mg; K, 6 mg; B2, 20 mg; B12, 0.05mg; niacin, 200 mg; folic acid, 4 mg; pantothenic acid, 25 mg; biotin, 1mg; antioxidant, 100mg. Mineral mix (mg per kg): cobalt, 1; copper, 5; iron, 20; manganese, 75; selenium, 0.1; zinc, 150.
 2Carboxymethylcellulose.
3Nitrogen free extract; determined by difference (100 – (protein +  lipid + Ash)

4Gross Energy: Calculated based on 5.65, 4.1 and 9.5 for protein, carbohydrates and lipids, respectively.

Table 2. Growth rates and  feed utilization efficiency  of Nile tilapia fingerlings (10 g) and adults (50 g) fed the test diets  for 70 days. Values in the same column for each size group with different superscripts are significantly different (P < 0.05).
	Fish size

(g)
	% date pits 
	WI*
	WF**
	ADG1
	% gain2
	SGR3
	FC4
	PPV5

	10
	0
	10.2
	52.1
	0.60a
	411.3a
	2.3a
	1.7a
	27.0a

	
	25 
	10.6
	37.9
	0.39b
	258.5b
	1.8b
	2.2b
	21.8b

	
	50 
	9.8
	34.1
	0.35b
	252.8b
	1.8b
	2.5b
	18.9b

	
	75 
	10.2
	35.4
	0.37b
	250.5b
	1.8b
	2.3b
	20.5b

	
	100 
	10.3
	30.4
	0.28b
	193.0b
	1.5b
	2.8b
	16.8c

	50
	0
	50.6
	137.3
	1.2a
	171.4a
	1.4a
	2.4a
	21.3a

	
	25 
	50.7
	96.0
	0.7b
	89.5b
	0.9b
	4.0b
	18.4a

	
	50 
	49.5
	89.6
	0.6b
	81.0b
	0.9b
	4.4b
	11.1b

	
	75 
	50.8
	97.6
	0.7b
	92.1b
	0.9b
	4.0b
	9.0b

	
	100 
	51.0
	89.9
	0.6b
	75.5b
	0.8b
	4.4b
	9.8b


*WI is average initial fish weight (g/fish)

**WF is the average final fish weight (g/fish)

1Average Daily Gain = Fish weight gain (g)/experimental period (days)

2Percent eight gain = 100(WF-WI)/WI

3%Specific Growth Rate =

4FC: Feed Conversion

5PPV: Protein Productive Value. 
Table 3. Body composition in (on dry weight basis) of Nile tilapia fingerlings 

(10 g) and adults (50 g) fed the test diets. Values in the same column for each 
size group with different superscripts are significantly different (P<0.05).
	Fish size (g)
	Date pits (%)
	Moisture
	Crude Protein
	Crude lipid
	Ash

	10
	0
	77.2a
	76.7 a
	12.4a
	10.5 a

	
	25 
	76.1a
	76.5a
	13.4a
	11.2a

	
	50 
	77.1a
	77.0a
	12.0a
	10.8a

	
	75 
	76.6a
	77.9a
	12.4a
	9.0a

	
	100 
	78.0a
	78.1a 
	10.8b
	11.5a

	50
	0
	76.1a
	80.6a
	10.9a
	9.2a

	
	25 
	76.7a
	78.7a
	10.3a
	10.3a

	
	50 
	76.9a
	77.4a
	11.8a
	11.2a

	
	75 
	77.2a
	77.3a
	11.4a
	12.5a

	
	100 
	76.9a
	77.6a
	11.7a
	11.8a


[image: image1.emf]Fig. 1. Growth of Nile tilapia fingerlings fed the test 
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[image: image2.emf]Fig. 2. Growth of Nile tilapia adults fed the test diets
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