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The global warming crisis is partially caused by ruminants through greenhouse gas production when they ferment
their feed. The objective of this study was to evaluate tamarind seed husk (TSH) and sodium nitrate (SN) as alternative
raw materials in a concentrate diet to reduce methane production in rumen fermentation. The experimental |, concentrate
diets were formulated in four types, including no TSH in the diet (0TSH), and diet including 7.5%, 15.0% and 22.5% of
TSH (7.5TSH, 15.0TSH and 22.5TSH), respectively. In experimental Il, diet types included 10% of TSH (10TSH), 0%
of TSH with 1% SN (0TSH&1SN) and 10% of TSH with 1% SN (10TSH&1SN). These concentrates were added in
Hungate tubes with rice straw in a 50:50 ratio. Rumen fluid was collected from two rumen-fistulated crossbred Brahman
steers and mixed with artificial saliva in a 1:1 ratio. Inoculums were incubated at 39 °C for 24 hours under anaerobic
conditions. Gas and fluid were analyzed after incubation. The results of experiment | showed that pH was not different
among the diets. However, ammonia nitrogen, microbial protein (MCP), volatile fatty acids, acetate/propionate ratio, dry
matter digestibility, total gas, methane, and carbon dioxide production were significantly decreased as the level of
tamarind seed husk increased. The results of experiment Il found that 10TSH&1SN group had the lowest NH;-N, MCP,
total gas, methane and carbon dioxide production. The pH, total SCFA, and A/P ratio did not differ among all diets. In
conclusion, TSH could be used in the concentrate diet up to 15% which reducing methane production ability. Using 10%

TSH in the concentrate with 1% SN could reduce methane production better than using 10% TSH or 1% SN alone.
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Table 1 Feed ingredients and chemical composition of the experimental diet.

Item OTSH 7.5TSH 15.0TSH 22.5TSH RS TSH
Feed ingredients (g/kg)

Cassava chips 300 300 300 300 - -
Tamarind seed husk 0 75 150 225 - -
Palm kernel meal 200 200 200 200 - -
Soybean meal 195 195 195 195 - -
Rice bran coarse 300 225 150 75 - -
Premix’ 5 5 5 5 - -
Chemical composition (%DM)

Crude protein 13.42 13.63 13.84 14.37 6.51 8.52
Ether extract 2.48 2.34 2.16 1.92 1.20 0.79
Ash 717 6.16 5.41 4.86 11.22 1.53
Neutral detergent fiber 36.92 33.66 31.70 30.08 72.87 36.11
Acid detergent fiber 31.66 29.72 28.40 26.65 49.54 30.00
Acid detergent lignin 10.10 9.79 9.74 9.50 5.41 12.70
Condensed tannin 0.00 2.73 5.47 8.20 0.00 36.45

TSH = tamarind seed husk; RS = rice straw; DM = dry matter

'Agromix beef No. 46: vitamin A = 2,160,000 U, vitamin B3 = 100,000 U, vitamin E = 5,000 IU, Mn =85 g, Zn =6.4 g, Cu= 1.6 g,
Mg = 16 g, Co = 320 mg, | = 800 mg, Se = 32 mg (Agromix beef No.46: A.l.P. Co. LTD, Nakhon Pathom, Thailand)
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Table 2 Fermentation characteristics of tamarind seed husk with increasing levels at 0, 7.5, 15.0 and 22.5% in concentrate diets

Parameter 0TSH 7.5TSH 15.0TSH 22.5TSH SEM P-value

linear quadratic cubic
pH 6.54 6.51 6.64 6.60 0.09 0.06 0.94 0.50
NH;-N (mgN/L) 34.53? 31.78% 30.00% 28.49° 2.92 <0.01 0.68 0.91
MCP (ug/ml) 137.712 98.84% 85.94° 85.59° 321.43 <0.01 0.06 0.79
Total SCFA (mmol/L) 338.22 349.54 278.87 275.11 56.17 0.18 0.03 0.75
Acetate (mmol/L) 256.912 263.71° 210.34° 208.26° 42.79 0.03 0.72 0.22
Propionate (mmol/L) 39.98 43.85 35.28 35.09 6.62 0.11 0.42 0.15
Butyrate (mmol/L) 25.99° 26.56% 21.35° 20.86° 4.58 0.03 0.66 0.27
Other SCFAs (mmol/L) 15.342 15.42° 11.90% 10.90° 2.52 <0.01 0.52 0.60
Acetate (%) 75.94 75.42 75.42 75.73 0.70 0.60 0.20 0.88
Propionate (%) 11.85° 12.56%° 12.69% 12.76% 0.50 0.01 0.16 0.63
Butyrate (%) 7.67 7.61 7.64 7.55 0.25 0.47 0.90 0.68
Other SCFAs (%) 4,532 4.41° 4.25%° 3.97° 0.19 <0.01 0.34 0.85
Acetate/Propionate ratio 6.41 6.02 5.95 5.94 0.29 0.02 0.15 0.67

TSH = tamarind seed husk; NH;-N = ammonia nitrogen; MCP = microbial crude protein; Other SCFAs = iso-butyrate + valerate +

isovalerate

3 Means in a row superscripted with different lowercase letters are significantly different (p < 0.05). SEM = standard error of means

Table 3 Digestibility and gas production of tamarind seed husk with increasing levels at 0, 7.5, 15.0 and 22.5% in concentrate diets

Parameter 0TSH 7.5TSH 15.0TSH 22.5TSH SEM P-value

linear quadratic cubic
IVDMD 36.56° 37.38° 31.65% 29.79° 3.31 <0.01 0.35 0.16
Total gas (mL) 36.73° 35.778 35.41% 34.22° 0.84 <0.01 0.66 0.37
CO, (mL) 22.17° 21.522 20.76% 19.81° 1.57 0.40 0.96 0.01
CH, (mL) 5.26° 5.112 4.47° 3.97° 0.37 <0.01 0.32 <0.01
CO,/CH, 4.21° 4.21° 4.65° 5.012 0.25 <0.01 0.10 0.24
CH,/dDM (mL/g) 78.67 74.07 77.72 71.51 10.98 0.34 0.96 0.52

TSH = tamarind seed husk; IVDMD = in vitro dry matter digestibility; CH, = methane; CO, = carbon dioxide; CH,/dDM, methane/digested

dry matter

3 Means in a row superscripted with different lowercase letters are significantly different (P < 0.05). SEM = standard error of means

3.2 MINAREITA 2 TSH $29A1 SN
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manaunugissde luamlnaiindranudunsa-dslu
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nlulaInaaas (Nolan et al., 2016) 7Ind lulasndnarinla
nﬁﬂ'ayvl,ﬁmaaﬂuam,ﬁ'a‘l,ﬂ‘lugﬂ NDF aaad (Newbold ef al.,
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28uNITanas uazaInNIUANBIa9 Abdelbagi et al. (2021) 1o

v‘iwmﬁLﬂﬂ:ﬁi@gaﬁauﬁﬁmuu meta-analysis (10 91%4398)
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Vl,ul,mﬂﬁl% (Duthie et al., 2018; van Wyngaard et al., 2019;
Welty et al., 2019; Adejoro et al., 2020; Wang et al., 2023)

USunatudasin ansvanlasenlod uazdinuinag
aﬂaa@iﬂqﬂ IuﬂQumaaaﬁlﬁwz&mﬁanﬁmu5@13J:°mui'mﬁ'u
luias mm@mmnmsaiaU"L@Tﬁa@mmnmmaumuﬁulu
wienfuwianzam uaznavaslwamaanisgissnmvinam
pa3AunIInfauiafinuuazanivanlasanled (Yang etal,
2016) wananinuafisesisuisaaswluasmlwloide
Tulasd waznanludieldaudran lunszuawmadasuudas
Tasnldduenlufouitaziinslelalasan (Hy) Szl
fusinalalasiauiildlslunssuaunsdaamefiinunss
msl.ﬁ'mf{iwmmema‘maag'ﬁuw%ﬁnsﬁuﬁwﬁmLLﬁ”aﬁmua@aa
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Table 4 Fermentation characteristics of tamarind seed husk, sodium nitrate and their combination in concentrate diets

Parameter 10TSH 0TSH&1SN 10TSH&1SN SEM P-value
pH 6.54 6.51 6.59 0.08 0.25
NH;-N (mgN/L) 37.90% 40.70° 34.50° 2.33 <0.01
MCP (ug/ml) 119.19° 88.89%° 77.17° 22.68 0.03
Total SCFA (mmol/L) 271.28 263.13 261.88 17.66 0.65
Acetate (mmol/L) 205.14 195.63 199.63 14.91 0.59
Propionate (mmol/L) 35.00 34.72 33.45 2.06 0.43
Butyrate (mmol/L) 20.62 21.07 18.85 1.79 0.12
Other SCFAs (mmol/L) 10.48% 11.68° 9.90° 0.94 0.02
Acetate (%) 75.59% 74.34° 76.18% 1.12 0.04
Propionate (%) 12.93 13.20 12.80 0.71 0.62
Butyrate (%) 7.59% 8.01% 7.20° 0.44 0.03
Other SCFAs (%) 3.87° 4.442 3.79° 0.33 0.01
Acetate/Propionate ratio 2.16 2.15 2.28 0.14 0.28

TSH = tamarind seed husk; SN = sodium nitrate; NH;-N = ammonia nitrogen; MCP = microbial crude protein; Other SCFAs = iso-

butyrate + valerate + isovalerate

a Means in a row superscripted with different lowercase letters are significantly different (p < 0.05). SEM = standard error of means

Table 5 Gas production of tamarind seed husk, sodium nitrate and their combination in concentrate diets

Parameter 10TSH O0TSH&1SN 10TSH&1SN SEM P-value
Total gas (mL) 29.56° 28.23% 27.78° 1.13 <0.05
CO, (mL) 11.802 10.72% 10.38° 0.91 <0.05
CH, (mL) 4722 463 4.25° 0.20 <0.01
CO,/CH, 2.50 2.31 2.44 0.12 0.05

TSH = tamarind seed husk; SN = sodium nitrate; CH, = methane; CO, = carbon dioxide

a Means in a row superscripted with different lowercase letters are significantly different (P < 0.05). SEM = standard error of means
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