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Article Info ABSTRACT
Article type: Background and Objective: Heat stress is a fundamental challenge in
Research Full Paper dairy cattle production in hot regions, particularly during early lactation,

causing reduced feed intake, metabolic disorders, and decreased milk
production. This stress also disrupts the metabolism of proteins and
essential amino acids. Methionine, the limiting essential amino acid in
dairy cow diets, plays a key role in protein synthesis, energy metabolism,
and metabolic health, but its bioavailability is limited due to ruminal
degradation. Under heat stress conditions, the requirement for specific
amino acids such as methionine may increase due to metabolic changes and
increased need for antioxidants (such as glutathione, in which methionine
plays a role in synthesis). However, limited information exists regarding
the effects of rumen-protected methionine on the performance of early

Article history: lactation dairy cows under heat stress. Rumen-protected methionine, which
Received: 12/05/2025 is resistant to microbial degradation in the rumen, can improve milk
Revised: 07/06/2025 production, protein percentage, and feed efficiency. Under heat stress
Accepted: 07/06/2025 conditions, methionine requirements likely increase due to metabolic

changes and increased antioxidant needs. This research was conducted to
investigate the effect of rumen-protected methionine on milk production
performance and economic parameters in early lactation Holstein cows
under heat stress.

Materials and Methods: This study used 24 lactating Holstein cows (12
cows per treatment) with average days in milk (91 £ 12), milk production

Keywords: (37 £ 3), and parity (2.4 + 0.1) at the University of Tehran research farm.
Dairy cows The present study was conducted using repeated measures designs with 2
Feed efficiency experimental treatments including control treatment: basal diet (containing
Heat stress zero levels of rumen-protected methionine) and methionine treatment:
Milk production basal diet plus methionine (containing 25 grams of rumen-protected
Rumen-protected methionine per day per lactating cow).

methionine

Results: Results showed that raw milk production (37 vs. 34.8 liters per
day) (P< 0.05) and energy-corrected milk (38.8 vs. 35.8 liters per day) (P<
0.05) were significantly higher for cows receiving rumen-protected
methionine compared to the control group. Feed efficiency calculated
based on raw milk, fat-corrected milk, and energy-corrected milk was
significantly higher in the methionine group. Regarding milk composition,




fat percentage (3.42 vs. 3.18 percent) and total milk solids (12.9 vs. 11.1
percent) significantly increased in the methionine-containing treatment.
Milk fat yield (1.32 vs. 1.17 kg per day) and total milk solids yield (4.97
vs. 4.10 kg per day) were also significantly higher in the rumen-protected
methionine group. Economic parameters showed that milk sales revenue
for the methionine treatment compared to the control treatment (13.44 vs.
12.99 US$) was significantly higher (P< 0.02), and income over feed cost
for the methionine treatment compared to the control treatment (5.86 vs.
5.33 US$) was also significantly higher (P<0.03). In fact, daily
consumption of 50 grams of methionine supplement equivalent to 0.53
USS$ per cow generated profit for the farmer.

Conclusion: The use of rumen-protected methionine in early lactation
dairy cow diets can be considered as an ideal additive in nutritional
management of early lactation dairy cows under heat stress due to
improved milk production and composition as well as improved economic
parameters.
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Figure 1. Temperature-humidity index during the experimental days in the present study
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Table 1. Composition of feed ingredients, energy and nutrient content of basal diet
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Vitamin and mineral supplement {based on kg/day of dry matter}: Calcium: 170 g, Phosphorus: 60 g, Magnesium:

100 g, Manganese: 13,000 mg, Copper: 5,000 mg, Iron: 4,000 mg, Cobalt: 80 mg, Sanium: 110 mg, lodine: 200 mg,
Vitamin A: 1,250,000 IU, Vitamin D3: 300,000 IU, Vitamin E: 6,000 IU
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Table 2. Effect of methionine feeding on dry matter intake, milk production and feed efficiency in
high-producing cows under Thermal stress
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SEM: Standard error of the means; “°Different letters within each row indicate a significant difference (P < 0.05).
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Table 4. Effect of methionine feeding on milk composition in high-producing cows under Thermal stress
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Gy 5 o S5bS) o 5l b e dals sl "
0.33 0.051 3.08  3.00 922 (A g A e el ol S

Total milk solids non-fat production (kg/day)
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SEM: Standard error of the means; “"Different letters within each row indicate a significant difference (P < 0.05).

05581 a5 sl Ol Lol aJlze c,b ol e
e)ﬁg}_i\)\dl_a)lfoﬂq-gemwbu&g}y
Clisy aS s S Cel Sl = il oo as d
IS ol a STy saselad wyza 4 Vs /0N
u.éy&i.ée:bé@\ﬁl»@ﬁﬁ.:ﬁeabé\
L aglie o eddclablowe (i ste S5l sl 1
sl 035 208 0 S LS A Wil el e
23S ol e Gl S sdiples b e S
i 03558 s 4 i e slpled
Aol Hles L acslie 5o 0 4 sl i kablns
Golel sl sl pl Jy s g miae gode Ll
Cole U ol addlas jo (P=2/EY) 340 5l oxe

dalys copgte (S5l Dles gl SV e 5 4

Loyl sl gme e ol adlas s
Semy e 558N lAde g Aoy bl u.i.il,aj
S Wlesls LS arsdS ldllas pioan LI
sl S ablonn (i gte 50 Cow Vgems o 35SV
o G (gt |53 63 1S 03 Ul 4neSE 53
Slallize 2 bl 300 558 e e
b 5, Hﬁbdksbﬁ.f S Llos S 5158
ssban LlS e anSl el il se |
Batistel) &S Li> I, 545V Ay SolS s o
YWY O
Aol ol Lﬁf c;\:; (6ol glaasenl 3
o595 J=lsl SlaslS o, 3 edicdibloe i ge

o350 & Jod> 43 gslasl Slaaenl 3 a5



YEs0 Y b)lo*:} NE 2,90 ‘OL?MS)‘M 2D O

2103 ,S sl
oo g 3l eslal S sl desls QLIS b S (=L>.L3\
S 4w "\_’bjgfd obﬁ.z LSLAJK 0 i D PTG > { P
A A 39y 53 LY VY e/t s s Ll
A5 e canlllans s po sl 3 g b Ll 2
vﬂ_lﬁ\}_uja.ﬁ)_m oﬂ@rjfscdkbﬂi slaso,
OLaa 5 Weil) wla slwl liels (gl s andllans ) g0

AYeYY

s ol Db e b Shs Sl el
IV sals Jles b aolae 5o sdicladloes
Som g Gols e sy basy (GY3VY/A4 e
a o slle dalys a3 U3laze 5 (P<4/0Y)
sl b alie 3 i ste ol Dles Gl p Sy
o—bay s QY 07T J ol 55 0/AT) Al
) C_“a\)):) (P<e/0¥) 550 iy (Sols pmo
Jolns sl abaslons igte oS f; Yo 4ljs,

J)_.w )\J_A\J LE‘J—’ )\j LJNT) )A LS\)\ 4_3)&5 '/OY’

Sl S oS R ey il lagl 5 salal slaasial b s se 4 di5 18 Jgd
Table 4. Effect of methionine feeding on economic parameters in high-producing cows under Thermal

stress
Gos 22 pS5) e
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**Different letters within each row indicate a significant difference (P < 0.05).
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