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Abstract

This study evaluated the effects of different inclusion levels of cashew nut shell liquid (CNSL) on
in vitro rumen fermentation and methane production to explore its potential as a methane-
mitigating feed additive. An experimental diet (70% commercial concentrate, 30% timothy hay)
was incubated with rumen fluid mixed with buffer for 48 h in vitro, with CNSL added at 0%,
0.02%, 0.2%, 1%, or 2% of substrate dry matter. Total gas production was measured throughout
incubation, and gas samples were analyzed by gas chromatography for methane content. In vitro
dry matter digestibility (IVDMD) was determined after fermentation, and fermentation end-
products including volatile fatty acid (VFA) profiles and ammonia nitrogen (NHs-N) concentration
were analyzed. Increasing CNSL levels led to a linear reduction in cumulative gas production (with
significantly lower gas volume at 2% CNSL, particularly after 3648 h; p<0.05). Methane
production was dose-dependently suppressed: the proportion of methane in total gas decreased
linearly as CNSL inclusion increased, and methane yield per unit substrate was reduced by 20%
at the 2% CNSL level compared to the control. CNSL inclusion had no significant effect on
IVDMD, NHs-N, or total VFA production. However, higher CNSL shifted the VFA profile by
decreasing the acetate proportion while increasing the propionate proportion, resulting in a lower
acetate-propionate ratio (with no clear effect on butyrate). In conclusion, CNSL supplementation
reduced ruminal methane emissions without adverse effects on nutrient digestibility or overall
fermentation, indicating that CNSL is a promising natural feed additive for methane mitigation in

ruminant.

Key words : Cashew nut shell liquid; Methane mitigation; In vitro rumen fermentation; Volatile fatty acids;

Greenhouse gas emissions
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338 Tables and Figures

339

340 Table 1. The formulation of experimental diet and their chemical composition

Items"
Ingredients (% DM)
Commercial concentrate mix 70
Timothy 30
Chemical composition (% DM or as stated)
DM (% as fed) 89.6
Cp 14.5
aNDF 46.2
ADF 254
Lignin 4.62
EE 3.29
Ash 8.03
341 DCommercial concentration mix was purchased from (Farmsco Inc., Seongnam-si, Korea); DM, dry matter; CP, crude

342 protein; aNDF, neutral detergent fiber assayed with heat stable alpha-amylase; ADF, acid detergent fiber; EE, ether
343 extract.
344

19



345 Table 2. Gas production and parameters after in vitro incubation of treatments using mixed rumen fluid

CNSL p-value
Item SEM
0% 0.02% 0.2% 1% 2% Linear Quadratic

Gas production (ml/g DM)

3h 62.7% 59.8° 62.2% 63.4% 65.1° 0.82 <0.05 0.6132

6h 102 96.9 101 104 104 2.10 0.0815 0.4180

9h 143 136 143 146 145 3.39 0.1790 0.3559

12h 176 169 176 180 177 3.96 0.2915 0.2644

24 h 263 256 261 260 245 4.16 0.0213 0.0980

36h 312¢ 303° 306° 299° 277° 4.63 <0.001 0.1095

48 h 333¢ 325° 326° 318 294° 4.55 <0.001 0.0945
Fitted parameters of gas

Vinax" 356* 350 347 3330 300° 5.08 <0.001 0.1230

K” 0.06° 0.06° 0.06% 0.06° 0.07* 0.001 <0.001 0.5022
Methane production

% 11.6% 11.8* 11.8° 11.4° 10.6¢ 0.06 <0.001 0.0677

ml/g DM 38.8° 38.2% 38.4% 36.2° 31.2¢ 0.55 <0.001 <0.05

ml/g DDM 66.7* 65.8% 60.3% 62.4% 51.0° 3.30 <0.05 0.1559

346 CNSL, cashew nut shell liquid; SEM, standard error of the mean; DM, dry matter; DDM, Digestible dry matter.

347  DTheoretical maximum gas production (mL/g DM).

348  PFractional rate of gas production (h™).

349 abemeans within a row with different superscript letters indicate significant differences among the treatments (p<0.05)

350
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351  Table 3. Analysis of fermentation characteristics using mixed rumen fluid.

CNSL p-value
Item SEM
0% 0.02% 0.2% 1% 2% Linear Quadratic

IVDMD (%) 58.4 58 64.7 58.2 61.2 3.22 0.9862 0.3784
NH;-N (mg/dL) 42.9 43.1 443 454 44.1 1.15 0.4495 0.3590
Total VFA (mM) 84.5 93.1 91.6 88.2 87.4 5.65 0.6516 0.7020
Fitted parameters of gas

Acetate 619 622* 622* 603° 578¢ 3.70 <0.001 0.5353

Propionate 159¢ 160° 161¢ 176° 195* 0.87 <0.001 0.0568

Butyrate 112 113 112 110 113 0.85 0.8328 <0.05
A:P ratio 3.89* 3.88* 3.86* 3.42° 2.96° 0.02 <0.001 0.5732

352 CNSL, cashew nut shell liquid; SEM, standard error of the mean; IVDMD, in vitro dry matter digestibility; NH3-N,
353 ammonia-nitrogen; A:P ratio, acetate to propionate ratio; VFA, volatile fatty acid
354 abemeans within a row with different superscript letters indicate significant differences among the treatments (p<0.05)
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