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Abstract

This study aimed to evaluate the effect of low—methane (LM) feed supplementation on milk productivity and quality in—
dicators across different parities in dairy cows. Milk testing records from 2021 to 2023 were analyzed, with 2023 des-
ignated 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, 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.
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Table 2. Total mixed ration (TMR) composition and

feeding rate

Ingredient Amount (kg/head/day)
3 =75}0 J HS B}
78 a9loR SARkoRH 24ef B HSHIC. Methane-reducing feed 9.80
A& AFmo] Auk AEL Table 1], AFH TMR«] Hj 3]
Alpha corn 2.00
+ Table 2°f| AA|s}t
Milkgen Top 0.30
MAIM 2 X2 2F Cottonseed 2.50
a0 Yibd B h?n% 9 AATNFARIAOIA 1 Beet pulp 2.30
] dAlek= ‘?“PF AR7152 7R ekt 24t Ryegrass (35% moisture) 6.67
717E2 20219 195H 2 231«% 12¥€71x]oH, sl 7]7F ot Affalfa 950
o mE 3% tﬂOlEiE 83 7o A4 Y=L 4% |
(milk yield), -4 S(milk fat), T%ﬂ*,é‘_ FeK(milk protein), & Oat hay 3.1
A 7P E(solids-not-fat, SNF), & W 24FA(milk urea Water 1.50
nitrogen, MUN), H|A|2 <(somatic cell count, SCC), 305¥ & Probiotics (yeast) 0.10
% T2 A HE(305-day milk productivity traits) 50|, Z- F= Limestone 0.05
3o 315191
9] A9l= Table 39 A sHITh Salt 0.04
=7 2 Sodium bicarbonate 0.20
435 AlF= statistical analysis system(SAS ver. 9.1, SAS Total 31.12
Table 1. Nutritional composition of experimental and conventional feeds
[tem Low-methane Feed Conventional feed
Feed type Pelleted, crumbled Pelleted, crumbled

Feed classification

Feed name

Compound feed / Dairy cattle
High—performance dairy feed

Compound feed / Dairy cattle
High—performance dairy 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, Additive 3" Not included

" The specific methane-reducing additives are not disclosed due to company confidentiality.
ADF, acid detergent fiber; NDF, neutral detergent fiber; TDN, total digestible nutrient.
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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 (%)
SNF (%)

Somatic cell count (x10%/mL) health

MUN (mg/dL) protein.

305-day milk vyield (kg)

305-day milk fat vyield (kg)

305-day milk protein vyield (kg)
305-day solids—not-fat yield (kg)
Mature equivalent milk yield (kg)
Mature equivalent milk fat yield (kg)

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

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.

Mature equivalent milk protein vield (kg) Estimated milk protein yield adjusted to a standard cow maturity.

Mature equivalent SNF vield (kg)

Estimated SNF yield adjusted to a standard cow maturity.

SNF, solids—not-fat; MUN, milk urea nitrogen.

Institute, Cary, NC, USA)E ©]-&-s}o] E4I519ict. dut A
&(general linear model, GLM)Z Z83s}3om, 14291
(fixed effects) O 2= H%E(2021-2022: AHALE Folt, 2023
W A AR ol ® ARME A5t F5 WgeEe
3059 R, AR, AR, FALEES, MUN, SCC 5
A 2 4 AmE AAsISith BE Hapo] His] B4R
A(ANOVA)YE AAlotgl o, A 7+ B Z}o|= Duncan®]
TS dH(Duncan’s Multiple Range Test, 1955)& =3 p<
0.05 oA Fo/d= A5t

21

Table 4= 2021 dXE] 2023714 AR 7|12H 28 4
4 A=E v R, A4 d¥(age at test), ARK(parity), +2]
Z-3- A4 (cumulative days in milk)o]] thgt 24 235 YEHY
Ak A% D=L 20219 49.570%, 2022 50.771€, 20234
5127192 yehgon, Ak 7+ §o)4Ql Aol EE|R| ¢
otk 72 Zads 9A] 20219 185.789, 20224 1693,
20231 184.6UR, SAH 2R o4 Aol §igitt. K, 4t
A Ao mEh 7R AolE HYCH(p<0.05), 20231

Table 4. Analysis of age at test, parity, and cumulative days in milk by year

Conventional feed

Low-methane feed

sig
2021 2022 2023
Age at test (mouths) 49.5+16.8° 50.7+19.4° 51.2+18.9° ns
Parity 2.2+1.1° 2.3+1.3® 24+1.3°
Cumulative days in milk (days) 185.7+119.8° 169.3+109.7° 184.6+121.9° ns

yalues are mean=SD.
0.05

& values with different superscripts in the same row differ significantly.

NS, not significant.
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Table 5. Changes in milk productivity and quality by year following low—methane feed supplementation

Conventional feed

Low-methane feed

2021 2022 2023 >0
Milk vield (kg/day) 30.8+9.6° 30.0+8.6° 30.9+8.7° ns
Milk fat (%) 3.8+£0.9° 35+0.7° 3.7x0.7°

Milk protein (%) 3.4+0.4° 3.3+0.3" 3.3+0.4°
Non—fat milk solid (%) 8.9+0.5° 8.8+0.4° 8.7+0.4°
Somatic cell count (x10°/mL) 134.6+382.5° 110.6+£179.7° 113.1+238.6° ns
MUN (mg/dL) 17.6+5.1° 17.5+3.4° 14.6+2.2° -
305-day milk yield (kg) 9,736.0£1691.3° 9,840.4+1,836.4° 9,738.3£1,690.5° ns
305-day milk fat (kg) 345.9+58.6° 330.2+59.4° 343.7+60.0° "

305-day protein yield (kg) 315.0+45.9° 316.8+55.5° 307.4+45.7°
305-day SNF (kg) 849.1+136.1° 851.5+154.2° 838.6+132.6° ns
Mature equivalent milk yield (kg) 10,084.0+1,662.2° 10,214.6+1,849.0° 10,094.1+1,485.4° ns
Mature equivalent milk fat (kg) 363.7+62.5° 347.2+64.6° 360.7 +59.4°
Mature equivalent milk protein (kg) 332.7+46.1° 333.9+56.22 324.1+42.0° "
Mature equivalent SNF (kg) 902.4+139.7° 902.6+156.9° 888.3+122.3° ns

Values are mean+SD.

0.05, ~ X0.01, — pX0.001.
& values with different superscripts in the same row differ significantly.
SNF, solids—not-fat; MUN, milk urea nitrogen: NS, not significant.
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Table 6. Changes in milk quality by parity in the analyzed dairy farm

Milk yield

Somatic cell count

(ka/day) Milk fat (%) Milk protein (%) SNF (%) (x10%/mL) MUN (mg/dL)
1st 27.2+5.9° 3.9+0.7° 3.4+0.4° 8.9+0.4° 86.6+177.6° 17.5+3.7°
2nd 30.9+9.6° 3.7+0.8% 3.4+0.4° 8.8+0.4° 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% 8.7+0.3° 235.5+559.6° 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° 15.8+5.2°
6th 27.7+10.2° 3.5+0.7° 3.4+0.3° 8.7+0.5° 249.2+308.7° 14.2+4.0°
sig

Values are mean=SD.
@4 \/alues within the same column with different superscripts differ significantly (£0.001).

*hk

£X0.001

SNF, solids—not-fat; MUN, milk urea nitrogen.
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Fig. 1. Changes in milk quality before and after low-methane feed supplementation by parity (milk vyield, milk
fat, milk protein, SNF, somatic cell count, MUN). = 0{0.01, 0€0.001. SNF, solids—-not-fat; MUN, milk urea
nitrogen; NS, not significant.

Table 7. Changes in 305-day milk productivity by parity in the analyzed dairy farm

305-day milk vield (kg) 305-day milk fat vyield (kg) 305-day protein yield (kg) 305-day SNF vyield

Tst 8,884.0+1471.8¢ 318.5+57.0° 280.7+41.1° 758.6+118.3¢
2nd 9,969.6+1717.6° 346.9+54.6° 325.0+40.6° 876.4+125.2°
3rd 10,231.4+1702.1° 352.9+67.8% 326.4+50.4° 883.6+143.8°
4th 10,343.3+1,258.6° 339.0+48.9° 329.2+41.0% 900.6+113.6®
5th 10,857.7+1,609.7° 365.9+45.9° 340.6+53.4° 933.2+142.6°
6th 9,485.2+1,717.6° 318.1+53.7° 318.8+41.4° 833.6+132.2°
sig

Values are mean+SD.

4 Values within the same column with different superscripts differ significantly (£¢0.001).
™ X0.001.
SNF, solids—not-fat.

oA BT AEE Abzo] SOl B S-S BY rqe} Q3] koS LERE, ol 7t 4bpa ARiEe] X
THp<0.05). olefet Aak Avlg Abge] e wgol o] Aeld At ofudX] aTSE, Al o]8 5] Fjolo]



130 Food and Life (2025) 2025(3):123-133

305-day milk yield by parity
NS w
1st 2nd
uC i
305-day milk protein yield by parity

Ns e Ns N:
1st 2nd 3rd 4th
BC

15000

Ns
92000
7000
5000

overall

NS

Ns
3rd 4th
Feed

feed mlo th

Ns

6th

-
6th

L
th
NS

5

500
450
400

-
350 T
300
250
200
150
100
50
0

overall th

S
ional feed = Loy th Feed

305-day milk fat yield by parity
500
450
400

ar - NS o - * wkk
350
300
250
200
150
100
50
1]
overall 1st 2nd 3rd 4th Sth 6th
*
1200 = - NS N5 =
900
600
300
1]
st 2nd 3rd 4th 5th 6th

3¢

m Conventional feed = Low-methane Feed
305-day solids-not-fat (SNF) yield by parity
1500

NS N N

overall 1

m Conventional feed = Low-methane Feed

Fig. 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). © p{0.01, ™" ©{0.001. SNF, solids—not-fat; MUN, milk urea nitrogen;

NS, not significant.

7108 4= Ut 3059 FATI=RS A HaHoverall)oll A A
g AlEsto] At AlEET oo R =2 FAE B0
H(p<0.001), 1, 3, 4, SAEROIME Aet Al77] 27} &
ol- o= =A UeRFTtHp<0.05 EX p<0.01). ¥HH, 64E]ol|A]
= Aule AlES] ARl A WERATHp<0.001). o=
Aet A= o] §-A] A4t B AbRjo] wet AdolstA vekd
T USS HojErt 305Y FehEollAls 24119} 64ER}ollA]
Auek Abgto] YRt AbRrtE Tt WS S B0 m(p<0.001),
A B overal) oA = AHEr AlE o] GoH o= Woprt
(p<0.05). 305U SNF-Z 24Fzjol| 4] Au|gk AlE ko] Uyt Als
THEY FoH0 R U oH(p<0.01), 6AAA = Witz A
g AlEato] W g2 Hthp<0.05). Adtao=, B A
Ao A Aulet AbEatat Ayt AbEat 749] R-9)4 Zpo|7F EX)
stgout, 11 Hadat Ak A3 9 AR whet IRttt &
3], SAElolA = tiFEe] A|FoA ARt Aba<to] AB4Hd
HollA FHARN ATE Helom, B 24k} 64bRjolAl=
A5 oA Auet Abeto] X7} BA| UEkyitt ol2fgt
A= Avet AFR] G3p7f AbAjol weh Ao R Uk
4= 9loH, Ao B84 B7F Al AR} 291 a1Edt E4o]
ZaTS AT

Table 8 A% F7loA 4xfo] W JAE A5 4 4=
FHEAE, =, FALZED #HeE vehd Zo]
o 98 RS SARIOlA] H 10,984 kg &2 7Y &3O
™, 14E2H9,679 k)2t 64E2H9,779.5 kg)ollAl= iz og &

2 5418 BATKp<0.001). A, FTHAL, SNF K] 1
SHROA 714 S 3 EILCBI(p<0.001), GHERIOIAIE 7
21K <0001, 0|9} 2 ATk AT K vl
o} 201, QY A BAPEo] 27Kt o] adhe
Al(Ferreira et al., 2021; Walter et al., 2022)3} AA|5tt}. E5|
FARKA-5 Do A gt =8 AR gFdo] Fdjof =gst
£ Zlo] YRkAQl o0& HiE o] QIrth Table 82] AHpE /3
Ug A ARE 7|80 2 Fig. 3 E3) gt Al Zojit
I AHlet AbR gl 7ke] ARRPE ApolE Btk

Fig. 32 URtAtR Folotdt AHe Al Jo29] 93
S5 AT e AR SRR, A, S 74
TPE)9 AP HekE A|ZBleE Aijolot. Jdd /52
ARto] whet & o 7F AlolE Helom, B3] sikRjol| A Afgt
Al Fojeto] 7MY =2 BAkES 715SIqin BhE, 2419}
OAER}O| A= At Aato] AWt Akt thH] FofohA] R
e U AT (p<0.01, p<0.05). 49F A A
Bt @ thFBE0] AN, 3, 4, 5, 6AEhol|A] A|H|EF AL Fof
o] foFog =2 S HUOH(p<0.05, p<0.001), o=
At Alm7t FA Aol 378491 I nE o S
AARRTE BFH, /Y Rehile 249} 64RO A Afwet
AtEsto] fojF o' e ZhE BN (p<0.001), AA| Batol
A= folRt 4Tt EE ITH(p<0.01). AJHFSNFL T2
9] ARtol|A] f-2J3t Aol & HolR] AtoLt, 24k e} 64kxte]|
A AHgr AbR Folgto] fostA W2 £AE UEi
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Table 8. Changes in mature equivalent milk productivity by parity in the analyzed dairy farm

Mature equivalent milk yield

Mature milk fat yield (kg)

Mature milk protein yield Mature SNF yield(kg)

(kg) (kg)

Tst 9,679.0+1,596.4° 354.7+63.4% 313.0%46.1° 852.3+133.0°
2nd 10,269.2+1,751.5° 362.3+58.5° 342.8+43.0° 930.9+133.6°
3rd 10,281.7+1,628.1° 357.4+69.0°° 332.8+50.3% 905.6+143.4°
4th 10,356.8+1,454.7° 340.5+56.3% 331.0+45.1% 908.3+129.04°
5th 10,984.0+1,736.1° 369.1+46.5° 342.7+58.2° 939.9+156.4°
6th 9,779.5+1,558.8° 326.0+60.3° 323.9+40.2 844.9+115.0°
sig

a4 yalues with different superscripts in the same column differ significantly (££0.001).
Values are mean+SD.

£X0.001.
SNF, solids—not—fat.
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Fig. 3. Comparison of mature equivalent milk productivity before and after low-methane feed supplementation
by parity (milk yield, fat yield, protein yield, SNF vyield). ~ p€0.05, =~ ©{0.01, ™ ©0.001. SNF, solids-not-fat; MUN,
milk urea nitrogen; NS, not significant.
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59|, AR Biglol| W A= H|wrt ks HRE A4S
AR oW, 4bAtol| wE AAHRl Fd Ws} FE AR
EATOZH, Aue Alm go] F o]=|gk djdof F-olulgt
3L QIR oHE SR =95t

A, AP EA] A H] AAATE HeF P 7IE A

S AR A BT 5%, 7A1E, FE, SNE, SCC
T T8 AR dFE SRRSOl RIS 7SS
T JAERH64E o holl M Hadhe ARS Btk olett A
= 71& dFoME FEH R Harg v glom, 240 A
24 AAFsE 9] SHAIE UEFHTHGrohn et al., 1995; Hwang
et al., 2002).
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9 P 25T Ao gAe] BES BN & ot
(Munyaneza et al., 2017; Zhang et al., 2025). °o]&]3t HIAHUZ
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Holow, o= 7]& AFollA AbxF SV R HE A
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