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Effects of Low-Methane Functional Feed on Parity-Specific Milk Productivity and

Quality traits in Dairy Cows

Abstract

This study aimed to evaluate the effect of low-methane (LM) feed supplementation on
milk productivity and quality indicators across different parities in dairy cows. Milk
testing records from 2021 to 2023 were analyzed, with 2023 designated as the LM feed
group. The analysis showed that milk productivity (305-day milk yield, mature equivalent
milk yield) generally increased with parity up to the 5th parity, followed by a decline
from the 6th parity, consistent with known physiological trends. Importantly, this pattern
remained stable even in the LM feed group, indicating that LM feed supplementation did
not disrupt the natural parity-based performance trends. No significant decline in milk
yield, milk protein, or solids-not-fat was observed in the LM group compared to the
conventional feed group. On the contrary, some indicators, such as Milk Urea Nitrogen
(MUN), showed improvements, suggesting enhanced nitrogen utilization efficiency.
These findings support the feasibility of LM feed as a practical mitigation strategy that
does not compromise dairy cow performance and highlight its potential for sustainable

dairy farming under varying physiological stages.

Keywords: Low-methane feed, Milk productivity, Parity, Methane reduction
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Table 1. Nutritional composition of experimental and conventional feeds

Item Low-methane Feed Conventional feed
Feed type Pelleted, crumbled Pelleted, crumbled
Feed classification Compouré(iétla:d / Dairy Compouré(iétla:d / Dairy
Feed name High-performance dairy High-performance dairy
feed feed
Intended milk yield Over 40 kg/day Over 40 kg/day
Crude protein (%) 20.00 18.24
Crude fat (%) >3.50 4.53
Crude ash (%) <10.00 6.01
Crude fiber (%) <15.00 6.24
Calcium (%) >1.00 -
Phosphorus (%) <1.20 -
ADF (%) - 11.23
NDF (%) - 23.54
TDN (%) 75.00 -
Moisture (%) - 11.22
Methane-reducing additives Additive 1, Additive 2, Not included

Additive 3*

400  *Note: The specific methane-reducing additives are not disclosed due to company

401 confidentiality.

402
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Table 2. TMR composition and feeding rate

Ingredient Amount (kg/head/day)
Methane-reducing feed 9.80
Alpha corn 2.00
Milkgen Top 0.30
Cottonseed 2.50
Beet pulp 2.30
Ryegrass (35% moisture) 6.67
Alfalfa 2.50
Oat hay 3.17
Water 1.50
Probiotics (yeast) 0.10
Limestone 0.05
Salt 0.04
Sodium bicarbonate 0.20
Total 31.12

404
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Table 3. Definitions of key milk productivity traits in dairy cows

Variable Name

Definition

Milk yield (kg/day)
Milk fat (%)

Milk protein (%)
Solids-not-fat (SNF) (%)

Somatic cell count (x103/mL)

Milk urea nitrogen (MUN,
mg/dL)

305-day milk yield (kg)

305-day milk fat yield (kg)

305-day milk protein yield
(kg)

305-day solids-not-fat yield
(kg)

Mature equivalent milk yield
(kg)

Mature equivalent milk fat
yield (kg)

Mature  equivalent
protein yield (kg)
Mature equivalent SNF yield
(kg)

milk

The amount of milk produced per cow per day (in
kilograms).

The percentage of fat content in milk.
The percentage of protein content in milk.

The proportion of non-fat solids in milk, excluding milk fat.
The number of somatic cells per milliliter of milk, used as
an indicator of udder health.

The concentration of urea nitrogen in milk, reflecting the
balance of dietary protein.

The total amount of milk produced over a standardized 305-
day lactation period.

The total amount of milk fat produced over 305 days.

The total amount of milk protein produced over 305 days.

The total amount of SNF (non-fat solids) produced over 305
days.

Estimated milk yield adjusted to a standard age (72 months)
and lactation length.

Estimated milk fat yield adjusted to a standard cow
maturity.

Estimated milk protein yield adjusted to a standard cow
maturity.

Estimated SNF yield adjusted to a standard cow maturity.
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413

Table 4. Analysis of age at Test, Parity, and Cumulative days in Milk by year

Conventional feed Low-methane Feed

sigV
2021 2022 2023
Age at test (mouths) 49.5+16.8° 50.7£19.42 51.2+18.9° ns
Parity 2.2+1.15 2.3+1.3% 2.4+1.3° *
Cumulative Days in 185.7+119.8° 169.3+109.7 184.6+121.9° ns
Milk (days)
MeanxSD

ULevel of significance: NS, not significant; *P < 0.05

#byalues with different superscripts in the same row differ significantly



414 Table 5. Changes in Milk Productivity and Quality by Year Following Low-Methane Feed

415  Supplementation

Conventional feed Low-methane

Feed Sigl)
2021 2022 2023
Milk yield(kg/day) 30.8+9.62 30.0£8.62 30.948.72 ns
Milk fat(%) 3.8+0.9° 3.5+0.7" 3.7+0.7° o
Milk protein(%) 3.4+0.4° 3.320.3° 3.3+0.4° falolel
Non-fat milk a b c .
2olid(%) 8.9+0.5 8.8+0.4 8.7+0.4
Somatic cell count a a a
<10%mL) 134.6+382.5 110.6+179.7 113.1+238.6 ns
MUN(mg/dL) 17.6+5.12 17.5+3.42 14.6+2.2b o
305-daymilk 74001160132 0840.4+1836.4°  9738.3+1500.5°  ns
yield(kg)
305”?{5"‘( fat 345945862 330.2+59.4 343.7+60.02  **x
305-day protein 39¢ 45 ga 316.8+55.5° 307.4445.7°  *
yield (kg)

305-day SNF (kg) 849.1+136.1° 851.5+154.22 838.6+132.62 ns

Mature Equivalent 10084.0£1662.2 10214.6+1849.0 10094.1+1485.4
Milk Yield(kg) 2 2 a

Mature Equivalent
Milk milk fat(kg)

Mature Equivalent
Milk milk 332.7+46.17 333.9456.22 324.1+42.0° **
protein(kg)

363.7+62.5% 347.2+64.6° 360.7+59.42 folakel

Mature Equivalent
SNF(kg)

416  MeanzSD
417  YLevel of significance: NS, not significant; *P < 0.05;**P < 0.01; ***P < 0.001.

902.4+139.7¢ 902.6+156.9° 888.3+122.3? ns

418  @byalues with different superscripts in the same row differ significantly

419



420  Table 6. Changes in Milk Quality by Parity in the Analyzed Dairy Farm

Milk yield i ror ) MK SNF(%) Sorr;t:;%tce" MUN
(kg/day) Protein(%) (x109/mL) (mg/dL)
1st 27.245.9¢ 3.9+0.72 3.4+0.42 8.9+0.42 86.6+177.6" 17.5+3.78
2nd 30.949.6° 3.7+0.8% 3.4+0.42 8.8+0.42 102.6+157.0° 16.9+4.0?
3rd 32.0+9.9° 3.6+0.9° 3.3+0.4% 8.7+0.5° 117.0+193.5° 15.6+3.7°

4th 32.4+9.3° 3.5+0.8" 3.3+0.3 8.740.3 235.54559.6°  15.2+3.1°

5th 36.3£10.1° 3.5+0.9° 3.1+0.5¢ 8.6+0.4¢ 200.8+565.9° 15.845.2°

6th 27.7£10.2° 3.5+0.7° 3.4+0.3? 8.7+0.5° 249.2+308.72 14.2+4.0°

Sigl) . - - o~ KAk -
421 Mean + SD

422 ¥4 Values within the same column with different superscripts differ significantly (p < 0.001)
423 tLevel of significance: ***p < 0.001
424
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426
427
428
429
430

Table 7. Changes in 305-Day Milk Productivity by Parity in the Analyzed Dairy Farm

305-Day Milk 305-Day Milk Fat ~ 305-Day Protein 305-Day SNF
Yield (kg) Yield (kg) Yield (kg) Yield
1st 8884.0+1471.8¢ 318.5+57.0° 280.7+41.1° 758.6+118.3¢
2nd 9969.6+1717.6" 346.9+54.6" 325.0+40.6° 876.4+125.2°
3rd 10231.4+1702.1° 352.9+67.8% 326.4+50.4° 883.6+143.8°
4th 10343.3+1258.6° 339.0+48.9° 329.2+41.0% 900.6+113.6%
5th 10857.7+£1609.72 365.9+45.9° 340.6+53.4% 933.2+142.6%
6th 9485.2+1717.6° 318.1+53.7° 318.8+41.4° 833.6+132.2°
Sigl) Kk kK Hkk kK
Mean + SD

d: Values within the same column with different superscripts differ significantly (p <

0.001)

1Level of significance: ***p < 0.001
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Table 8. Changes in Mature Equivalent Milk Productivity by Parity in the Analyzed Dairy

Farm
Mature Equivalent ~ Mature Milk Fat Mature Milk Mature SNF
Milk Yield (kg) Yield (kg) Protein Yield (kg) Yield(kg)

1st 9679.0+1596.4¢ 354.7+63.4% 313.0+46.1° 852.3+133.0°
2nd  10269.2+1751.5° 362.3+58.52 342.8+43.0° 930.9+133.67
3rd  10281.7+1628.1° 357.4+69.0%° 332.8+50.3% 905.6+143.4
4th 10356.8+1454.7° 340.5+55.3 331.0+45.1% 908.3+129.042
5th  10984.0+1736.12 369.1+46.5 342.7+58.22 939.9+156.4°
6th 9779.5+1558.8° 326.0+60.3° 323.9+40.2¢ 844.9+115.0
sigl) *kk *kk *kk *kk

dyalues with different superscripts in the same column differ significantly (p<0.001)

Mean+SD

ULevel of significance
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Figure 1. Changes in Milk Quality Before and After Low-Methane Feed
Supplementation by Parity (Milk Yield, Milk Fat, Milk Protein, SNF, Somatic Cell Count,
MUN)
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Figure 2. Changes in Milk Productivity Before and After Low-Methane Feed
Supplementation by Parity (305-Day Milk Yield, Milk Fat Yield, Protein Yield,
SNF Yield)
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