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ABSTRACT - The objective of this study was to evaluate water, mineral, feed and nutrient voluntary intakes, in addition 
to dry matter and nutrient digestibility and the nitrogen balance of lambs fed three mineral supplements. The first treatment
consisted of solid salt residue (SSR) from an aquaculture tank; the second contained SSR from desalination waste; and the 
third treatment was control, which corresponded to the supplementation of a commercial mineral supplement. The study lasted 
20 days, the first 15 of which were used for animals to adapt to the pens and diets, and the last five days were used for data
collection. Twenty-four castrated male lambs with a body weight of 19.72±2.52 kg were utilized in the experiment. The mineral 
supplements evaluated did not affect the intake and digestibility of the dry matter and nutrients, the water and mineral-salt 
intake or nitrogen balance. Mineral supplements produced from the SSR from aquaculture tanks and from the desalination 
waste did not reduce feed, nutrient and water intakes or nutrient digestibility, which suggests that these raw materials can be 
used in the elaboration of mineral mixtures for lambs.
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Introduction

One of the biggest obstacles of raising ruminants in the 
Brazilian semi-arid region is the feed scarcity, especially 
during the dry period of the year, which contributes to the 
inadequate productive rates and low profitability of the
rural property (Santos et al., 2011). Among the feeding 
deficiencies, the importance of energy and protein is
known, but mineral deficiencies are also of great relevance
and should not be disregarded in the ruminant production 
systems.

Some mineral deficiencies reported in goats and
sheep from the Brazilian semi-arid region are: phosphorus 
(P) (Silva et al., 2011), copper (Cu), zinc (Zn) (Marques 
et al., 2011), selenium (Se), cobalt (Co) (Riet-Correa, 2004; 
Mendonça Júnior et al., 2011), sodium (Na) (Riet-Correa, 
2004) and calcium (Ca) (Mendonça Júnior et al., 2011; 
Riet-Correa, 2004), and they indicate that, for the animals 
reared in this region, several mineral elements may be 
required for supplementation.

On the other hand, mineral sources, currently regarded 
as environment pollutants capable of degrading the arable 
lands, may have the potential to be used in the formulation 

of mineral mixtures, as is the case of the solid salt residues 
(SSR), originated from aquaculture tanks filled with water
with high salt contents, and the SSR from the desalination 
waste.

The solid salt residue (SSR) from desalination also 
presented a great amount of salts, especially NaCl, as 
demonstrated by Porto et al. (2000), who evaporated 
5,000 L of desalination and obtained 1.81 kg magnesium 
sulfate (MgSO4), 1.98 kg calcium sulfate (CaSO4), 28.93 kg 
sodium chloride (NaCl), 0.79 kg magnesium chloride 
(MgCl2) and 0.27 kg calcium chloride (CaCl2).

Thus, the objective was to evaluate three mineral 
supplements on mineral, feed and nutrient intakes and to 
determine the digestibility of dry matter (DM) and nutrients 
and the nitrogen balance (N) for lambs. 

Material and Methods

The experiment was conducted in August 2012, lasting 
20 days, whose first 15 days were used for adaptation, and
the five other days for data collection.

Twenty-four male castrated lambs of an undefined
breed with an average body weight (BW) of 19.72±2.52 kg 
were distributed in a completely randomized design with 
eight replications. The utilized animals were previously 
weighed and identified with earrings. After, they received
an anthelmintic drug and were housed in metabolic cages 
provided with troughs, drinkers and salt feeder.
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Three mineral supplements were evaluated: control 
(commercial mineral supplement) and two others composed 
of solid salt residues from an aquaculture tank (SSR 
aquaculture) and from the desalination waste (SSR waste) 
(Table 1). 

For the manufacture of the supplements constituted 
by SSR from aquaculture tanks and from the waste, it was 
necessary to macerate these saline sources in a mortar until 
they reached a meal aspect. Subsequently, other mineral 
sources were included, e.g., dicalcium phosphate; calcitic 
limestone; zinc, copper, cobalt and manganese sulfates; 
sodium selenite; calcium iodate; sulfur powder; and sodium 
chloride, standardizing the inclusion of the SSR at 20% of 
DM of the mineral supplements.

The mineral supplements produced with the SSR 
(Table 2) were formulated to have a similar composition to 
the mineral supplements for sheep available in the market, 
whose values were: (in g kg−1) Na - 125; P - 71; Ca - 152; 
S - 15; Mg - 9; and (in mg kg−1) Fe - 1,688; Mn - 1,649; 
Se - 21; Zn - 3,508; Co - 62; Cu - 463; Cr - 20; Ni - 20; 
Mo - 300; and I - 82.

The experimental diet was composed of Tifton 85 hay 
(Table 3), in addition to a mineral supplement and water. 
The Tifton grass hay was chopped in a stationary chopper 
and offered twice daily, at 08.30 h and 15.00 h. The amount 
of hay provided was calculated daily according to the intake 
on the previous day, considering orts of up to 10%. Thirty 
grams of the mineral supplement and 4.0 kg of water were 
offered daily per animal.

During the period of data collection, voluntary intakes 
of mineral supplement, water and hay were recorded, 
and fecal and urinary outputs were quantified. The daily

supplies and orts in a 24-hour interval were also recorded. 
In this period, samples of feed, water, mineral supplement, 
feces and urine were collected and stored in a freezer, 
except for the mineral supplement, which was stored at 
room temperature.

To collect the feces, nappa-leather bags were attached 
to the animals by harnesses. Bags were emptied twice 
daily, at 08.00 h and 15.00 h, and only 10% of the total 
feces produced were collected. For the collection of urine, 

Table 1 - Chemical composition of solid salt residues from 
aquaculture tank and from desalination waste 

Mineral Unit
Solid salt residues

Aquaculture tank Desalination waste

Nitrogen (N) g kg−1 21.10 NA
Phosphorus (P) g kg−1 3.07 2.62
Potassium (K) g kg−1 3.11 3.37
Calcium (Ca) g kg−1 79.46 37.00
Magnesium (Mg) g kg−1 2.26 70.62
Sulfur (S) g kg−1 5.98 19.94
Sodium (Na) g kg−1 5.11 580.88
Chlorine (Cl) g kg−1 0.02 423.0
Boron (B) mg kg−1 16,514.00 NA
Copper (Cu) mg kg−1 16.90 0.39
Iron (Fe) mg kg−1 1,241.30 6.96
Manganese (Mn) mg kg−1 192.9 34.80
Zinc (Zn) mg kg−1 225.50 173.9
Nickel (Ni) mg kg−1 43.90 0.57
Lead (Pb) mg kg−1 40.90 0.30
Cadmium (Cd) mg kg−1 5.51 0.15
Chromium (Cr) mg kg−1 24.40 0.23
NA - not analyzed.

Table 2 - Proportions of ingredients and concentration of 
minerals in the mineral supplements used in this 
experiment (g kg−1)

Mineral source
Solid salt residues (SSR)

SSR waste SSR aquaculture

SSR waste 200.00 -
SSR aquaculture - 200.00
Dicalcium phosphate 376.50 373.00
Zinc sulfate 7.36 7.36
Copper sulfate  1.69 1.68
Manganese sulfate 4.10 4.91
Sodium selenite 0.05 0.05
Calcium iodate 0.12 0.12
Sulfur sulfate 12.00 10.00
Cobalt sulfate 0.31 0.31
Sodium chloride 265.00 298.00
Calcitic limestone 133.00 105.00

Concentration of minerals in the supplements offered to lambs1

Mineral Control SSR waste SSR aquaculture

Phosphorus (g kg−1) 81.10 73.79 71.00
Potassium (g kg−1) 0.99 1.02 1.04
Calcium (g kg−1) 197.63 145.78 193.11
Magnesium (g kg−1) 15.18 7.17 6.62
Sulfur (g kg−1) 9.29 9.80 10.67
Sodium (g kg−1) 135.32 220.05 185.44
Copper (g kg−1) 0.06 0.26 0.28
Iron (mg kg−1) 4.56 5.51 5.52
Manganese (mg kg−1) 1.31 1.01 1.14
Zinc (mg kg−1) 1.92 0.72 0.84
1 Analyzed data.

Table 3 - Chemical composition of the Tifton 85 hay offered to 
animals

Nutrient g kg−1 of DM

Dry matter 872.0
Organic matter 927.5
Crude protein  113.2
Ash 72.5
Ether extract 18.9
Total carbohydrates 795.3
Non-fibrous carbohydrates 56.0
Neutral detergent fiber 739.4
Neutral detergent fiber corrected for residual ash and protein 711.5
Acid detergent fiber 372.5
Neutral detergent insoluble nitrogen 5.5
Acid detergent insoluble nitrogen 2.0
Lignin 75.8
Neutral detergent insoluble ash 2.0
Neutral detergent insoluble protein 27.3
DM - dry matter.
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properly sanitized plastic buckets containing 100 mL 
sulfur acid (10%) were placed below the cages. The urine 
collected was filtered through a fine mesh with gauze, and
then quantified with the aid of a graduated cylinder. After
its volume was measured, the urine was stored in plastic 
containers for later analyses.

All the samples of feces, feeds and orts were pre-dried 
in a forced air-circulation oven at 55 ºC for 72 hours, and 
then ground in a knife mill with 1 mm screen sieve. These 
samples were mixed to form a composite sample, and 
subsequently analyzed.

Samples of feeds, orts and feces were analyzed and 
dry matter (DM), ash, organic matter (OM), crude protein 
(CP), ether extract (EE), neutral detergent fiber (NDF),
neutral detergent fiber corrected for residual ash and
protein (NDFap), acid detergent fiber (ADF) and lignin
contents were determined according to methodologies 
described by Silva & Queiroz (2002). The acid (ADIN) and 
neutral (NDIN) detergent insoluble nitrogen compounds 
were determined according to Licitra et al. (1996).

The equation proposed by Sniffen et al. (1992) was 
used to estimate the total carbohydrate (TC) content: 
TC = 100 – (%CP + %EE + %Ash). And to estimate the 
non-fibrous carbohydrates (NFC), the following equation
was used: NFC (%) = %TC – %NDF, as recommended by 
Hall et al. (1999).

The concentrations of nitrogen, potassium, calcium, 
magnesium, sulfur, boron, copper, iron, manganese, zinc, 
sodium, chlorine and phosphorus present in the samples of 
feed and waste were determined according to methodologies 
described by Nogueira and Souza (2005).

Dry matter (DMI) and nutrient intakes in g/animal day–1 
were estimated according to the following equations: 
intake (I) (g/animal day–1) = total DM, OM, CP, NDF, ash, 
EE, TC and NFC provided – amount of DM, OM, CP, NDF, 
ash, EE, TC and NFC in the orts.

The digestibilities (D) of DM, CP, OM, NDF, EE and 
TC were estimated by the total fecal collection method, 
calculated by equation proposed by Silva & Leão (1979): 
D = [(DM or nutrient intake (g) – DM or nutrients in the 
feces (g)/(DM or nutrient intake (g)] × 100.

Water intake (WI) was estimated by the equation: 
WI = (WS – WL) – EVPW, in which WS = water supplied; 
WL = water left; and EVPW = evaporated water. The 
evaporated water was estimated by placing five plastic 
buckets along the shed, containing the same volume of 
water in the water drinker of animals.

The mineral supplement intake (MSI) was determined 
as: MSI = MSS – MSL, in which MSS = mineral supplement 
supplied; and MSL = mineral supplement left.

To determine intake and excretion, samples of diet 
and orts as well as feces and urine of each animal were 
analyzed for nitrogen concentration in each one of them. 
Afterwards, nitrogen balance (NB) was calculated by the 
following equation: NB = N intake – (N feces + N urine) 
and the percentage of nitrogen retained, as follows: net 
utilization = (NB × 100)/N intake.

Statistical analyses were carried out with the Statistical 
Analysis System (SAS, version 9.0), performing variance 
analyses, followed by the test of means (Tukey), considering 
probability values lower than 5% as significant (P<0.05).

Results

The mineral supplements did not affect DM, water or 
mineral supplement intakes by lambs (Table 4). The mean 
values were 677.40 g/animal day−1, 1,283.63 g/animal day−1 
and 4.62 g/animal day−1 for DM, water and supplement 
intakes, respectively.

 The different mineral supplements did not affect CP, 
NDF, OM, ash, EE, TC or NFC intakes (Table 5). Lambs 
ingested on average 75.18 g day−1 of CP, 473.59 g day−1 of 
NDF and 341.00 g day−1 of TDN, equivalent to 11.09% of 
CP, 69.91% of NDF and 50.34% of TDN in the diet.

The apparent digestibility of DM and CP, NDF, OM, 
EE and TC were not affected by the mineral supplements 
(Table 6). Dry matter digestibility averaged 545.20 g kg−1; CP 
and NDF digestibilities were 647.30 g kg−1 and 570.40 g kg−1, 
respectively. Total nitrogen intake, excretion of nitrogen 
in the feces and in the urine, total nitrogen excretion and 
nitrogen balance were not affected by the different types of 
mineral supplements (Table 7).

Table 4 - Dry matter, water and mineral supplement intakes by lambs fed different mineral supplements

Intake (g day−1)
Mineral supplement

Mean SEM P-value
Control SSR waste SSR aquaculture

Dry matter 674.40 546.90 677.40 632.90 60.25 0.24
Water 1250.20 1147.90 1283.63 1227.20 77.40 0.45
Mineral supplement 3.86 4.08 4.62 4.19 0.74 0.76
SSR - solid salt residue; SEM - standard error of the mean; P-value - probability at 5%.
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Table 5 - Nutrient intake by lambs fed different types of mineral supplement

Intake (g day−1)
Mineral supplement

Mean SEM P-value
Control SSR waste SSR aquaculture

Crude protein 79.99 65.18 80.36 75.18 6.82 0.22
Ether extract 13.51 9.93 13.42 12.29 1.42 0.15
Ash 45.00 36.00 46.00 42.33 3.93 0.18
Neutral detergent fiber 505.30 408.86 506.60 473.59 45.29 0.24
Non-fibrous carbohydrates 38.00 27.63 38.36 34.69 4.30 0.16
Organic matter 636.87 517.00 638.73 597.55 56.84 0.25
Total carbohydrates 543.36 387.71 544.95 492.00 58.40 0.12
Total digestible nutrients 378.55 245.49 399.19 341.00 56.08 0.13
SSR - solid salt residue; SEM - standard error of the mean; P-value - probability at 5%.

Table 6 - Digestibility of dry matter and nutrients of Tifton 85 hay offered to lambs supplemented with different types of mineral

Nutrient (g kg−1)
Mineral supplement

Mean SEM P-value
Control SSR waste SSR aquaculture

Dry matter 547.70 511.10 576.80 545.20 50.00 0.65
Crude protein 656.60 612.00 673.20 647.30 43.50 0.60
Neutral detergent fiber 574.10 544.90 592.20 570.40 43.70 0.75
Organic matter 573.70 542.50 599.60 571.90 46.30 0.69
Ether extract 444.50 357.40 524.80 442.20 81.80 0.37
Total carbohydrates 564.30 452.50 591.20 536.00 58.50 0.23

SSR - solid salt residue; SEM - standard error of the mean; P-value - probability at 5%.

Table 7 - Nitrogen-related variables in lambs supplemented with different mineral supplements

Variable (g day−1)
Mineral supplement

 Mean  SEM P-value
Control SSR waste SSR aquaculture

Total nitrogen intake  11.66 9.49 11.72 10.09 0.99 0.22
Nitrogen excreted in the feces  4.02 3.74 4.06 3.94 0.41 0.84
Nitrogen excreted in the urine  0.33 0.41 0.33 0.35 0.07 0.71
Total nitrogen excretion  4.31 4.11 4.36 4.26 0.43 0.91
Nitrogen balance  7.34 5.37 7.35 6.69 0.77 0.14
SSR - solid salt residue; SEM - standard error of the mean; P-value - probability at 5%.

Table 8 - Intake of minerals from hay, mineral supplement and water, mineral requirements and mineral balance of lambs fed mineral 
supplements

Variable
K Ca Mg S Na Cl P Cu Fe Mn Zn

g day−1 mg day−1

Control

Hay mineral intake 11.58 3.24 1.06 1.24 0.32 2.41 1.92 3.82 62.49 38.41 17.23
Supplement mineral intake 0.00 0.76 0.06 0.04 0.52 0.00 0.31 0.22 17.59 5.07 7.40
Water mineral intake 0.00 0.03 0.01 0.00 0.00 0.01 0.00 0.01 0.10 0.11 0.01
Total mineral intake 11.58 4.03 1.13 1.28 0.84 2.42 2.23 4.05 80.18 43.59 24.64
Mineral requirements 2.90 2.20 0.60 1.10 0.40 0.30 1.50 3.10 32.00 12.00 13.00
Mineral balance 8.68 1.83 0.53 0.18 0.44 2.12 0.73 0.95 48.18 31.59 11.64

Solid salt residue (SSR) from waste

Hay mineral intake 9.39 2.63 0.86 1.01 0.26 1.95 1.55 3.10 50.68 31.15 13.97
Supplement mineral intake 0.00 0.59 0.03 0.04 0.90 0.00 0.30 1.04 22.48 4.11 2.95
Water mineral intake 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.10 0.10 0.01
Total mineral intake 9.39 3.25 0.89 1.05 1.16 1.95 1.85 4.15 73.26 35.36 16.93
Mineral requirements 2.90 2.20 0.60 1.10 0.40 0.30 1.50 3.10 32.00 12.00 13.00
Mineral balance 6.49 1.05 0.29 −0.05 0.76 1.65 0.35 1.05 41.26 23.36 3.93

Solid salt residue from aquaculture

Hay mineral intake 11.64 3.26 1.07 1.25 0.32 2.42 1.92  3.84 62.77 38.58 17.30
Supplement mineral intake 0.00 0.89 0.03 0.05 0.86 0.00 0.33 1.29 25.52 5.27 3.87
Water mineral intake 0.00 0.03 0.01 0.00 0.00 0.01 0.00 0.01 0.11 0.11 0.01
Total mineral intake 11.64 4.18 1.11 1.30 1.18 2.43 2.25 5.14 88.40 43.96 21.18
Mineral requirements 2.90 2.20 0.60 1.10 0.40 0.30 1.50 3.10 32.00 12.00 13.00
Mineral balance 8.74 1.98 0.51 0.20 0.78 2.13 0.75  2.04 56.40 31.96 8.18
Mineral intakes were estimated considering dry matter intakes of 0.68, 0.55 and 0.68, respectively, for control, SSE aquaculture and SRR waste. 
Mineral requirements from National Research Council (NRC, 2007) considering lambs with 20 kg of body weight.
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Most mineral requirements (K, Ca, Mg, S, Na, Cl, P, 
Cu, Fe, Mn and Zn) were supplied by mineral supplements 
provided in association with Tifton hay. Only for sulfur 
when lambs were supplemented with SSR waste was the 
mineral balance negative (Table 8).

Discussion

The average DMI in this study was very close to the 
630 g/animal day–1 described by NRC (2007) for lambs in 
the same weight range (20 kg of body weight). Ferreira 
et al. (2009) also found similar DMI to that obtained 
herein: 650 g/animal day–1, working with lambs of about 
20 kg of body weight fed roughage-based diets. 

For mineral supplement intake, the animals fed the 
control supplement averaged 3.86 g/animal day–1, whereas 
those fed the supplements containing SSR originated from 
the aquaculture tank and from the desalinization waste 
showed 4.62 and 4.08 g/animal day–1, respectively. These 
values are similar to the 2.08 and 3.7-4.2 g day–1 of mineral 
supplement reported by Selaive-Villarroel et al. (1991) and 
Malafaia et al. (2004), respectively, for animals in the same 
weight range, indicating that the mixtures made with the 
SSR were well-accepted by lambs.

Regarding water intake, the mean value obtained in the 
present study was 1,227.2 g/animal day–1, which is close to 
the 1,480 g/animal day–1 predicted by the equation described 
in the NRC (2007): TWI (kg day−1) = DMI (kg day−1) × 3.86 
– 0.99, in which TWI = total water intake and DMI = dry 
matter intake. This difference can be related to factors such 
as breed, water content in the feed and physiological state 
of the animal.

Overall, the differences in nutrient intake are related 
to the DM intake and the participation of each nutrient in 
the diet. In this study, the diets were similar, because all 
animals were fed a diet based on Tifton 85 hay, and their 
DM intakes were similar and resulted in similar feed intake 
values.

The average CP intake (80.0 g/animal day−1) was above 
the 70 g day−1 described by the NRC (2007) for animals of 
20 kg BW at eight months of age due to the appropriate 
DM intake coupled with the CP content of the forage 
(11.32% CP in DM). The CP intake in the present research 
was similar to that reported by Bernardino et al. (2009), 
who evaluated sheep diets based on elephant grass and 
concentrate ingredients with approximately 12% of CP in 
the DM and obtained CP intakes from 50 to 110 g/animal 
day–1, which is consistent with the values found herein. 
In the same study, Bernardino et al. (2009) found average 
NDF intakes, in the diets with inclusion of 0 to 30% of 

coffee husks in the DM, of 550 g/animal day–1, which is 
close the 470 g/animal day–1obtained in the present study.

Overall, nutrient intake (CP, NDF, OM, ash, NFC, TC) 
was appropriate for the animals, not showing any damage 
caused by supply and ingestion of the mineral supplements 
made with non-traditional ingredients on these parameters.

Moreover, the values found herein are in line with those 
reported in the literature, e.g. Bernardino et al. (2009), for 
CP; Gonzaga Neto et al. (2001), for EE; Bispo et al. (2007) 
for TC; and Medeiros et al. (2007), for NFC.

The average TDN intake of 348.6 g day−1 was below 
the 420 g day−1 described by the NRC (2007) for 20 kg 
animals aiming at weight gains of 100 g day−1. This lower 
intake in relation to that predicted by the NRC (2007) was a 
result of the exclusive ingestion of Tifton 85 in the diet. 

On average, the apparent dry matter digestibility of 
54.52% was similar to the 58.17, 61.53 and 57.02% found 
by Wanderley et al. (2012) using leucaena, pigeon pea and 
elephant grass, respectively, in association with forage palm 
in diets for feedlot sheep with 30 kg BW. Still according to 
these authors, the OM digestibility varied from 51.25 to 
70.71%, which is consistent with the value obtained in the 
present study.

The digestibility of CP and NDF were respectively 
64.73 and 57.04%, and these results are similar to those 
found in the literature for sheep fed roughage-based diets. 
Gonzaga Neto et al. (2001) provided Panicum numidianum 
hay and Caesalpinia pyramidalis hay to feedlot sheep 
with 24.5 kg BW and obtained CP digestibility values 
between 63.4 and 65.7%. Teles et al. (2010) found NDF 
digestibility coefficients varying from 57.5 to 61.1 in sheep
with 18.2 kg BW fed elephant grass silage associated with 
different levels of dried cashew apple.

The similar total nitrogen intakes are a result of the 
similar intakes of DM (0.68, 0.55 and 0.68 kg day−1) and 
protein (0.08, 0.07 and 0.08 g/animal day−1) for the control, 
SSR waste and SSR aquaculture treatments, respectively. 
The nitrogen output in the feces and urine was on average 
3.94 and 0.35 g day−1, respectively, and according to 
Oliveira et al. (2004) the higher N output in the feces may 
be related to the presence of acid detergent insoluble and/or 
indigestible protein, whereas the low N output in the urine 
was probably due to the lower urinary loss of ammonia, and 
consequent production of urea in the liver.

The intake and excretion of N in the feces and urine 
were very close to the values found by Martins et al. (2003), 
who evaluated intake and digestibility of DM, CP and 
gross energy of the silages of four genotypes of sorghum 
in sheep and found 8.0 to 11.93 g day−1 for total N intake; 
4.9 to 7.3 g day−1 for nitrogen output in the feces; 0.3 to 
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0.4 g day−1 for nitrogen output in the urine; and 2.7 to 4.8 g day−1 
for retained nitrogen.

It is important to emphasize that animals had a positive 
N balance, which, according to Souza (2010), demonstrates 
that they did not need to reallocate body protein reserves to 
meet their nutritional requirements.

Mineral balance considering the intake of minerals 
from supplement, hay and water was positive for the most 
of macro- and micronutrients (Table 8). Sulfur presented 
negative balance for SSR waste because lambs ingested 
546.90 g day−1 of DM and 36.00 g day−1 of ash, although 
ingestion of DM and ash for control and SSR aquaculture 
were 674.40 to 677.40 g day−1 and 45.00 and 46.00 g day−1, 
respectively.

Considering the intake of macro- and micronutrients 
only from Tifton 85 hay, the mineral balance was negative 
for Na (control supplement), S and Na (SSR waste) and Na 
and Cu (SSR aquaculture), i.e., the hay was able to supply 
a large part of mineral requirements, suggesting that the 
additional intake of mineral supplement may be excessive. 
But even the additional intake of minerals supplement the 
levels obtained in the diets did not represent toxic values 
for animals. 

Overall, the use of the SSR from the aquaculture 
tanks and from the desalination waste for the preparation 
of mineral supplements for sheep did not lower intake or 
digestibility of DM and nutrients, nor the N balance by 
the animal, which demonstrates the possibility of using 
these sources. However, further research is necessary, 
especially on the field, with studies of longer durations to
better understand the animal responses to these mineral 
sources.

Conclusions

Mineral supplements produced from the solid salt 
residues from aquaculture tanks and from the desalination 
waste provide similar dry matter, nutrient and water intakes 
and dry matter and nutrient digestibility to those provided 
by the commercial mineral supplement.
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