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Abstract 

The aim of thi� work was •�> study n1itochondrial function in two Holstcin gcnotypcs under diffcrcnt
fec<ling s1rateg1cs dunngm1d-lactation. Multiparous Holstein cows ofNew Zcalnr.cl (HNZ)and Nonh
;\n1ericun (NA) origin ,,...ere.� assigned to two fecding stratcgics; maximum pasturc intakc ac,.-ording 

to irs growth in thc grazing area plus an encrgy-protcin concemmtc (PMAX) or total mixcd rarion 
and one third of the diet ollered as pasturc (P30). Mitochondrial rcspimrion \\US mcasurcd using 
Complex I a�d II subsrrarcs and h�patic glucose and glycogen wcrc mcasurcd in livcr hiopsics.
Respiration lmked to ATP synthcsis was alfocted and state 3 respirarion tended to be alfrctcd by rhc 
inreracrion bctween genotypc and foeding stratcgy; borh paramctcrs wcrc higher for HNZ cows in 
thc PMAX strategy whcn using Complex II substrnres. Liver glycogen w:1s highcr in rhe PMAX 
than PJO strategy. Glycogen correlated positively with srare 3 and ATP-linked respirarion for PMAX 
cows when succinate was uscd as substrate, suggesting an association betwecn succinate drivcn 
respirarion and glucose mctabolism. 
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Introduction 

Lactation is an energy demanding proccss, especially for high-yiclding dairy cows. In ruminants, the 
liver plays a central role in energy metabolism since it provides glucose and ketone bodics for thc 
rest ofthc tissues (Drackley et al., 2001). Mitochondria are the main sitc of ATP synthesis (13rand 
and Nicholls, 2011) hence, the study ofhepatic mitochondrial fimction is cssential to undcrstand 
metabolic adaptations during lactation in dairy cows. With this aim, we assessed mirochondrial 
respiration and quantified hepatic glucose reserves in two Holstein genotypcs under tw<• contrasting 
feeding strategies. 

l\tlaterials and methods 

The expcriment was carried out al the Experimental Station of íNIA 'La Estanzucla' in Colonia, 
Uruguay in Octobcr2017. Multiparous HNZ and JIA l lolsteincows; 512± 19 vs 563±29 kg livc wcight 
(LW), 3.1±0.1 body condition score (BCS), autunm calving) wcre assigned to two foeding stratcgies: 
cows grazing a Medicago saliva and Dac�y/is glomc'rnta mix ( 16.4 kg DM/d herbagc allowance for
HNZ and I IA. respectively) in two scssions ( 18 h/d) and supplementcd with I .'} kg DMid of com 
silage and 6.4 kg DM/d of conccntratc (18.6% CP, 1.81 Mcal NEL/kg DM) (PMAX; n=IO) and cows 
graz.ing a herbagc allowm1ce of 10. 7 kg DM/d orthc same pasture ( 12 h/d) and receivcd a 12.3 kg 
DM/d of a total mixcd ration (50:50 forage:conccntrate; 15% CP; 1.71 Mcal NEL /kg DM) (P30; 
11�1 O). Liver biopsies were collected and cryoprcserved at 180± 17 days postpanum. Mitochondrial 
function was assessed measuring oxygen consumption rates using complex l (gluwmatc/malate) and 
11 (succinate) substrates. Hepatic glucosc and glycogen werc mcasured. Outa were analysed using 
a model that included genotype, feeding strategy and their interaction as lixed ctlects and calving 
date, initial LW and BCS wcre used as covariates if P<0.20. 
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Rcsults and discussion 

Ahhough milk yield was higher (28±1 vs 24±1 kg/d, !'<O.OS), pcrcentagcs ofmi)k 

lowcr (P<0 06) for HA than HNZ cows (3 6)±0.08 vs 3.24±0.05% protcin, 4 5±0 2 
501i<ls 11 

. . 
1 dd. .  BCS 

• • vs.¡ 1� �

fot, 4.92±0.04 vs 4.82±0.03% Jnctose, rcspcctivcly). 11 a 11'º11• was lowcr for p : �0.13�. 

P30 (2.55±0.04 vs 2.35±0.0-1. P<0.0 J ). The intc_rac11on b�twccn gcnotypc and focding 51'1-.!AX ¾

observcd only for succinate supportcd rcsp1n11ton. For ,nst:mcc. ATP synthc�is link ratc�,11, 

was alTccrcd and state 3 nnd 4 rcspirotion tended to be alTcctcd by thc intcraction \
d _rCl>pir:¡1�

rhe PMAX strategy having thc highcst rcspiration ratcs (Table 1 ). Rcspiratnry conir�J
':�� Hlllz in

und coupli11g elftciency were highcr for HNZ thnn HA cows and for thc PMAX th 
'llo (R<:I\ 

(Table 1 ). Hcpatic glucose co11cc111rntion wns affcctcd b
.
y thc intcmction (P<O.OS) �

111• í'J() �lratc,,,Í

. 
. suwa 

º' 

m HA cows in 1hc P30 strJtegy, whercas glycogen concentrJllon was grcatcr in thc PM¡\ s t!rca1�

strategy ( 1.84 vs J .29.t:0.25 m/111%. respectively). Coupling cfficicncy correlntcd "')' •• X 1han PJo

d • · 1 ( 
,,,s111vcly( 

and P<0.05) with milk Jactosc nnd glycogen corre late postt,vc Y r=0.60, /'<0.05) w· 
h 

"'0.34

ATP-linkcd respiration only for PMAX cows. Our resulls show that cows with hi<>hcr s 
•l 

• 
Slatc 3 illld

· · 1 d 
· 

· • J • • 0 • u�ctna1e d • 
resp1rat1on m more hvcr glycogcn reserves, po1111111g out to a re at10nsh1p bctwce • nvcn

ATP synthesis a�d glucose meta�olism and suggcs_ting s�ccinatc 1ehydrogcnase migh� ��
tochondrial

role, cspec1ally in HNZcows w11h more pasture mclus,on (Wlute et al., 2012). P Yarck-.,.:in1

Table l. Complex I and JI dependen/ respíratio11for cows of two differe/11 Holstei 

,mder 111·0 d[fferent feeding strategíes (FS).1.2
11 genorypc,s (C¡

Paramelers and Substrates Feeding stratcgy SE P-valuc

indexes 
P30 PMAX G FS GxFS 

IINZ IIA HNZ HA 

State 3 GIM JO•hy 7by 15"" I0•by, 2 0.08 0.07 O.S4
Succ JO

b 12b 33ª ¡gb 5 0.19 0.003 0.06 
State 4 G/M 5 4 5 4 1 0.29 0.90 0.87 

Succ 5b JOb 15• 13• 2 0.57 0.0014 0.09 
ATP-Jinked G/M 5• 3.0b 7• 5" 2 0.18 o.os 0.74 

Succ 3b 4.2b 16" 6b 2 0.08 0.005 0.03 
Maximum 0/M ¡¡b 9h 21 • 15•b 3 0.15 0.04 0.90 

Succ ¡5b 16º 55ª 30ªb 7 0.17 0.018 O.S1 
RCR G/M 2.Jb 2.0b 3.s• 3.0° 0.4 0.5 t 0.003 0.97

Succ 1.96ª 1.27bc 2.34ª J.65b 0.17 0.0003 0.02 0.99
Coupling efficiency G/M 0.39 0.31 o.so 0.44 0.11 0.51 0.21 0.90 

Succ 0.34°b 0.26b 0.543 0.29b 0.06 0.01 0.04 0.13 

1 Oxygcn e • . onsumphon rarcs were mcasurcd afler thc se u • . •• 
or 20 mM succinate (Succ) 4 µM ADP 2 µM . 

� enual add,t,on of I O m
.
M glutamatc and s mM malotc (GIM)

2 D· 

' • ohr,omyc:1n llJ) to 4 M FCCr • 
• 

ata are sh0\\11 as Jeast square me:ui ± . d 
' µ ~ ª1111 O.S µM roteno1:1e/2.5 µM an11myctJ1. 

d . 

s stun ard error •b den d' ffi 
ten <'11c1es (0.05<1'<0. l ). Rates are ex . 

• ote I erc11ccs bctwce11 values (1'<0.05) while •J d,:nolt
. presscd as pmol Oifmin/mg wet weight. 
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