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Abstract

This study was conducted to investigate the effect of a deep sea water (DSW) supplement on the quality characteristics of
chicken meat. One-day-old broiler chicks (Ross 308) were assigned to three groups and supplemented with water (control)
or DSW diluted with deionized water at 1:40 (DSW1:40) and 1:20 (DSW1:20) ratios, respectively, for 28 d. The control was
fed a basal diet containing 0.18% salt. Five birds were slaughtered from each group, and the breast meat was collected and
stored at 4°C for 9 d. The DSW supplementation did not affect cholesterol content in the chicken meat. The DSW 1:40 sup-
plement decreased fat content (p<0.05), water-holding capacity (p<0.05), and sodium and potassium contents (p<0.05) but
increased unsaturated fatty acid content (p<0.05) and the L" value (p<0.05) of the meat. The DSW 1:20 supplement
increased the a" value (p<0.05) but decreased thiobarbituric acid reactive substance inhibition, the L* value (p<0.05), and
the b" value (p<0.05) in chicken meat. However, the DSW 1:20 supplement did not affect water-holding capacity, fatty acid
composition, or mineral content. DSW supplementation at a higher concentration increased red color but decreased lipid
oxidation stability. However, further studies are needed to support our findings.
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Table 1. Mineral composition of water and original deep sea

water

Items (mg/L) Water" Original deep sea water”
Chlorine (Cl) 478.000 36367.357
Sodium (Na) 55.100 14179.546
Magnesium (Mg) 14.300 2261.631
Sulfur (S) 135.900 1618.226
Nitrate (NO;) - 571.586
Calcium (Ca) 57.100 389.772
Potassium (K) 4.300 659.751
Bromine (Br) - 149.109
Fluorine (F) - 73.480
Strontium (Sr) - 6.679
Boron (B) - 2.849
Silicon (Si) - 0.944
Lithium (Li) - 0.102
Phosphorous (P) 0.087 0.013
Barium (Ba) - 0.005
Molybdenum (Mo) - 0.006
Arsenic (As) - 0.006
Vanadium (V) - 0.030
Titanium (Ti) - 0.001
Zinc (Zn) 51.8000 0.128
Nickel (Ni) - 0.002
Aluminum (Al) - 0.057
Selenium (Se) 0.016 -
Manganese (Mn) 29.400 0.001
Cadmium (Cd) - 0.003
Copper (Cu) 13.800 -
Iron (Fe) 43.900 0.001

DThis data isobtained from NRC (1974).
DThis data isobtained from Keohavonget al. (2010).
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Table 2. Ingredient and nutrient composition of basal diet at

grower (1-14 d)

Treatments"
Items
Water (control) DSW1:40 DSWI1:20
Ingredient (%)
Corn meal 51.68 51.86 51.86
Wheat meal 10.00 10.00 10.00
Soybean meal 22.80 22.80 22.80
Rapeseed meal 1.52 1.52 1.52
Meat meal 4.00 4.00 4.00
Feather meal 2.00 2.00 2.00
Limestone 0.55 0.55 0.55
Tricalcium phosphate 1.32 1.32 1.32
Tallow 4.72 4.72 4.72
Choline 0.14 0.14 0.14
DL-methionine 0.25 0.25 0.25
L-lysine 1.43 1.43 1.43
Threonine 0.05 0.05 0.05
Vitamin premix” 0.15 0.15 0.15
Mineral premix’ 0.12 0.12 0.12
Enramycin 0.05 0.05 0.05
Clinacox 0.05 0.05 0.05
Salt 0.18 0.00 0.00
Total 100.00 100.00 100.00

Calculated nutrient

ME (kcal/kg) 3,150 3,150 3,150

Dry matter (%) 88.29 88.29 88.29

Crude protein (%) 21.00 21.00 21.00

Ash (%) 5.30 5.12 5.12

Fiber (%) 3.37 3.37 3.37

Fat (%) 7.48 7.48 7.48

Calcium (%) 0.90 0.90 0.90

"Water (control), Broiler supplemented with water and basal diet
containing 0.18% salt; DSW1:40 and DSW1:20, Broiler supple-
mented with deep sea water diluted with deionized water at 1:40
and 1:20 ratio (deep sea water:deionized water), respectively,
and basal diet

DSupplied per kilogram of diet: Vitamin A, 18.0 IU; vitamin D,
4.5 1U; vitamin E, 31.5 IU; menadione, 3.6 mg; thiamine, 1.8
mg; riboflavin, 4.8 mg; pyridoxine, 3.6 mg; cobalamin, 0.03 mg;
niacin, 22.5 mg; pantothenic acid, 15 mg; folic acid, 0.45 mg

9Supplied per kilogram of diet: Mn, 86.4 mg; Zn, 72 mg; Fe, 57.6
mg; Cu, 6 mg; [, 1.5 mg; Co, 0.288 mg; Se, 0.216 mg
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Table 3. Ingredient and nutrient composition of basal diet at
finisher (15-28 d)

Treatments!
Items
Water (control) DSW1:40 DSW1:20
Ingredient (%)

Corn meal 53.97 54.15 54.15
Wheat meal 10.00 10.00 10.00
Soybean meal 20.60 20.60 20.60
Rapeseed meal 1.52 1.52 1.52
Meat meal 4.00 4.00 4.00
Feather meal 2.00 2.00 2.00
Limestone 0.58 0.58 0.58
Tricalcium phosphate 1.11 1.11 1.11
Tallow 5.00 5.00 5.00
Choline 0.16 0.16 0.16
DL-methionine 0.22 0.22 0.22
L-lysine 0.29 0.29 0.29
Threonine 0.01 0.01 0.01
Vitamin premix? 0.15 0.15 0.15
Mineral premix’ 0.12 0.12 0.12
Enramycin 0.05 0.05 0.05
Madulamycin 0.05 0.05 0.05
Salt 0.18 0.00 0.00

Total 100.00 100.00 100.00

Calculated nutrient

ME (kcal/kg) 4,503 4,503 4,503
Dry matter (%) 88.27 88.27 88.27
Crude protein (%) 20.72 20.72 20.72
Ash (%) 5.02 4.84 4.84
Fiber (%) 3.30 3.30 3.30
Fat (%) 7.78 7.78 7.78
Calcium (%) 0.85 0.85 0.85

DWater (control), Broiler supplemented with water and basal diet
containing 0.18% salt; DSW1:40 and DSW1:20, Brolier supple-
mented with deep sea water diluted with deionized water at 1:40
and 1:20 ratio (deep sea water:deionized water), respectively,
and basal diet.

BSupplied per kilogram of diet: Vitamin A, 18.0 IU; vitamin D,,
4.5 1U; vitamin E, 31.5 IU; menadione, 3.6 mg; thiamine, 1.8
mg; riboflavin, 4.8 mg; pyridoxine, 3.6 mg; cobalamin, 0.03 mg;
niacin, 22.5 mg; pantothenic acid, 15 mg; folic acid, 0.45 mg

ISupplied per kilogram of diet: Mn, 86.4 mg; Zn, 72 mg; Fe, 57.6
mg; Cu, 6 mg; I, 1.5 mg; Co, 0.288 mg; Se, 0.216 mg
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Table 4. Analytical methods of fatty acid composition and
cholesterol content using GC

Instrumentation

Agilent 6890N
Agilent 7683

Chromatographic system
Automatic sampler

Fatty acid composition
Column HP-Innowax (30 m lengthx0.25 mm

idx0.50 um film thickness, J] & W

Scientific, USA)

Inlet temperature 260°C

Split ratio 1:10

Carrier He at 1 mL/min constant flow

150°C for 1°C, 150-200°C at 15°C/

min, 200-250°C at 2°C/min, 250°C

for 10 min

280°C

Oven program

FID temperature

Cholesterol content
Column HP-5 (30 m lengthx0.25 mm
idx0.25 pm film thickness, J] & W

Scientific, USA)

Inlet temperature 290°C
Split ratio 1:100
Carrier He at 1.5 mL/min constant flow

Oven program 180-260°C at 8°C/min, 260-280°C at
2°C/min, 280°C for 13 min

FID temperature 300°C
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Table 5. Effect of deep sea watersupplementation on the proximate composition, pH value, water-holding capacity, and cooking

loss of chicken meat

Treatments"
Items
Water (control) DSW1:40 DSW1:20
Proximate composition (%)
Moisture 73.28+0.35 73.55+0.44 73.33+£0.40
Crude fat 1.9741.02° 0.91£0.11° 1.3940.53%
Crude protein 23.3740.73° 24.89+0.82° 24.42+40.72%
Crude ash 1.04£0.05 1.08£0.01 1.07£0.03
pH 5.9140.06° 5.7540.06° 6.14+0.13*
Water-holding capacity (%) 65.30+6.98* 51.15+4.60° 68.77£9.57*
Cooking loss (%) 24.19+1.11 24.85+2.68 24.16£1.52

““MeanstSD in the same row with different superscripts differ significantly (»p<0.05).
DWater (control), Broiler supplemented with water and basal diet containing 0.18% salt; DSW1:40 and DSW1:20, Broiler supplemented
with deep sea water diluted with deionized water at 1:40 and 1:20 ratio (deep sea water:deionized water), respectively, and basal diet
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Table 6. Effect of deep sea watersupplementationon the fatty
acid composition and cholesterol content of chicken

meat
Treatments"
Items
Water (control) DSW1:40  DSW1:20
Fatty acid (%)
clao - 1.70£0.22  1.730.19  1.59+0.16
(myristic acid)
Cl16:0
e 22.54+0.46  22.30+0.48  22.98+0.58
(palmitic acid)
Cl16:In7 4274035 4184005  4.11%0.53
(palmitoleic acid)
C1.8:0 (stearic 24154093  19.23+1.15° 22.58+1.27°
acid)
Cl:dng(oleic 570000730 311941218 282742210
acid)
Cl8:2n6 15.38£0.80  15.51£1.01  15.42£0.50
(linoleic acid)
Ci8:3n3 0.64£0.04  0.68£0.03  0.66£0.05
(linolenic acid)
€20:In9 0.53£0.02  0.5240.07  0.5140.01
(eicosenoic acid)
€20:4n6 3.00£0.19°  3.860.27°  3.12+0.33"
(arachidonic acid)
C22:4n6 0.75+0.05  0.7940.07  0.77+0.09
(adrenic acid)
SFA? 48.39+1.14°  43.26+0.94°  47.15+1.69°
UFA? 51.60+1.14°  56.74+0.94*  52.85+1.69°
MUFA® 31.83+0.87° 35.89+1.11* 32.89+1.70°
PUFA? 19.7740.62°  20.84+0.74*  19.96+0.16°
n6/n3 29.74+1.03  29.66+0.54  29.43+2.30
Cholesterol
+ + *
(mg/100 g meat) 59.27+1.11  59.16+1.34  59.67+2.47

*®Means+SD in the same row with different superscripts differ

significantly (p<0.05).

DWater (control), Broiler supplemented with water and basal diet
containing 0.18% salt; DSW1:40 and DSW1:20, Broiler supple-
mented with deep sea water diluted with deionized water at 1:40
and 1:20 ratio (deep sea water:deionized water), respectively,
and basal diet

DSaturated fatty acids

9Unsaturated fatty acids

“Monounsaturated fatty acids

dPolyunsaturated fatty acids

ot dF FHzEE TS 39T A, AT 74
TE°] EFRT Sdthal B st o5 2#e o]
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a1, o]2 QI3 ¥F Fe|zHE] 1ol o3| ¢hxds] A
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(Kovanen et al., 1981). Yoshioka 5-(2003)2 4157} o]
3k A Eo A 2] LDL-ZH|2EHE Aol Gaks Fo 24
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Table 7. Effect of deep sea water supplementation on the min-
eral content of chicken meat

Treatments"

Items (ppm)

Water (control)  DSW1:40 DSW1:20
Sodium (Na)  111.43+5.24*  98.84+3.43"  101.46+5.63™
Magnesium 52574248  51.6043.51  51.18+1.51
(Mg)
Calcium (Ca)  12.90+2.29 11.2442.17 12.60+2.05
Potassium (K) 426.67+27.16* 371.20+12.52° 392.60+29.28%
Copper (Cu) 0.61£0.11 0.62+0.11 0.61£0.05
Zinc (Zn) 1.04+0.20 1.09+0.19 1.1140.23
Iron (Fe) 2.09+0.17 2.0140.23 2.0440.19
Manganese 0.330.01 0.3320.01 0.34+0.02
(Mn)

*®Means+SD in the same row with different superscripts differ
significantly (p<0.05).

DWater (control), Broiler supplemented with water and basal diet
containing 0.18% salt; DSW1:40 and DSW1:20, Broiler supple-
mented with deep sea water diluted with deionized water at 1:40
and 1:20 ratio (deep sea water:deionized water), respectively,
and basal diet
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Fig. 1. Effect of deep sea water supplementation on the TBARS
level of chicken meat during storage at 4°C. Water (con-
trol), Broiler supplemented with water and basal diet contain-
ing 0.18% salt; DSW1:40 and DSW1:20, Broiler supple-
mented with deep sea water diluted with deionized water at
1:40 and 1:20 ratio (deep sea water:deionized water), respec-
tively, and basal diet
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Fig. 2. Effect of deep sea water supplementation on the meat
color of chicken meat during storage at 4°C. Water
(control), Broiler supplemented with water and basal diet
containing 0.18% salt; DSW1:40 and DSW1:20, Broiler
supplemented with deep sea water diluted with deionized
water at 1:40 and 1:20 ratio (deep sea water:deionized
water), respectively, and basal diet
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