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ABSTRACT

The objectives of this study were to determine the association
between mild fatty liver and �-carotene (BC), retinol (ROL), and
�-tocopherol (AT) status. Multiparous Holstein cows were de-
fined as having mild fatty liver using a threshold of 2% liver tria-
cylglycerol (TAG, wet basis) at day (d) 2 after calving. Cows
with mild fatty liver decreased dry matter intake (DMI) as a %
of body weight (BW) from calving to 5th week (wk) of lactation
(3.47 vs. 3.99, P = 0.02) and increased plasma nonesterified
fatty acids (NEFA) concentration (345.0 vs. 266.0 µeq/dL, P =
0.10) as compared to normal cows. Fatty liver tended to lower
plasma ROL (0.20 vs. 0.23 µg/mL, P = 0.10), but had no effect
on plasma BC, plasma AT, liver BC, and liver ROL (P > 0.12)
concentrations. However, depression in liver BC at calving was
very small (8.0 vs. 68.0%) for fatty liver than for normal cows.
Liver AT concentrations were greater (5.5 vs. 4.0 µg/g, P =
0.06) for cows with more than 2% liver TAG concentration.
Concentration of plasma NEFA was positively correlated with
plasma BC concentrations (r = 0.18, P < 0.05) and negatively
correlated with concentrations of plasma ROL (r = -0.36, P <
0.0001) or AT (r = -0.35, P < 0.0001). A positive direct relation-
ship between DMI and plasma vitamins status was found to ex-
ist only for ROL and AT, which suggests that stores of ROL or
AT are less labile than stores for BC. At different times from
calving, liver BC concentrations were positively correlated with
liver TAG concentrations in a consistent manner but, correla-
tions among liver ROL or liver AT concentrations and liver TAG
concentrations were nonsignificants. The results suggest that
the regulatory role of the liver in maintaining retinol concentra-
tions in plasma may be compromise in cows with fatty liver.
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RESUMEN

Este estudio fue realizado con los objetivos de determinar la
asociación entre hígado graso leve (HGL) y estatus de
�-caroteno (BC), retinol (ROL) y �-tocoferol (AT). Para definir
HGL en vacas Holstein multíparas se empleó como valor críti-
co el 2% de triacilgliceroles (TAG, base fresca) en el hígado al
segundo día después del parto. El consumo de materia seca
(CMS), como porcentaje del peso vivo, disminuyó (3,47 vs.
3,99; P = 0,02) mientras que la concentración de ácidos gra-
sos no-esterificados (AGNE) incrementó (345,0 vs. 266,0
µeq/dL; P = 0,10), desde el parto hasta la 5ta semana de lac-
tancia en las vacas con HGL en comparación con las vacas
control. El hígado graso tuvo la tendencia a disminuir el ROL
plasmático (0,20 vs. 0,23 µg/mL, P = 0,10), pero no afectó las
concentraciones de BC y AT en plasma, ni las de BC y ROL
hepático (P > 0,12). Sin embargo, en el parto, la caída del BC
hepático fue muy pequeña (8,0 vs. 68,0%) en las vacas con
HGL. Las concentraciones de AT hepático fueron mayores
(5,5 vs. 4,0 µg/g, P = 0,06) en las vacas con más de 2% de
TAG hepático. La concentración plasmática de AGNE tuvo una
correlación positiva con las concentraciones plasmáticas de
BC (r = 0,18; P < 0,05) pero negativa con las concentraciones
de ROL (r = -0,36: P < 0,0001) o AT (r = -0,35; P < 0,0001)
plasmático. Solo el estatus plasmático de ROL y AT evidencia-
ron una relación directa positiva con el CMS, lo que sugiere
que los depósitos de ROL o AT son menos lábiles que los de
BC. En días diferentes del postparto, las concentraciones he-
páticas de BC fueron correlacionadas positivamente con las
concentraciones hepáticas de TAG de una manera consisten-
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te, pero las correlaciones entre las concentraciones de ROL o
AT hepático vs. las de TAG hepático no fueron significativas.
Los resultados sugieren que la función reguladora del hígado
para mantener las concentraciones plasmáticas de retinol pue-
de estar comprometida en las vacas que sufren hígado graso.

Palabras clave: Hígado graso, vaca lechera, vitaminas.

INTRODUCTION

During the transition from the nonlactating to the lactating
state in the dairy cow (Bos taurus indicus), changes in
�-carotene (BC) and vitamins A and E status occur but causes
are still unclear. Fatty liver can develop during the transition pe-
riod, and changes on status of these vitamins may be closely re-
lated to changes in liver triacylglycerol (TAG) concentration.

A negative association between decreased plasma BC and
body fat mobilization at the time of parturition has been sug-
gested [5, 10]. However, based on recent estimates, an incre-
ment on plasma nonesterified fatty acids (NEFA) during the peri-
parturient period would be associate to a negligible reduction (an
increase of 100 µeq/dL in NEFA would be expected to reduce BC
by only 0.02 µg/mL) of plasma BC [14]. Cows with fat cow syn-
drome or severe fatty liver had lower plasma retinol (ROL) and
plasma �-tocopherol (AT) concentrations than periparturient
healthy cows [11]. In contrast, Shaw [27] did not observe a rela-
tionship between ketosis, a disorder led by fatty liver, and low
plasma vitamin A concentrations. In cows with mild fatty liver (>
2% liver TAG concentration), plasma AT concentrations de-
creased whereas liver AT concentrations tended to increase [19].

Cows that develop fatty liver during the transition period
could have a higher risk for retained placenta, metritis, and
mastitis [1], conditions all associated with a lower AT, ROL or
BC status [13, 14, 16]. However, the dynamics of all BC, ROL,
and AT, in both plasma and liver, in relation to fatty liver devel-
opment have not been elucidated for periparturient dairy cows.
Therefore, the objectives of this study were to evaluate the re-
lationships between mild fatty liver, plasma and liver BC, ROL,
and AT concentrations.

MATERIALS AND METHODS

Management of cows

This study was conducted at the University of Florida,
United State of America (USA), with the approval of the Animal
Care and Use Committee. Thirty-four multiparous and preg-
nant Holstein cows were monitored from 16 days (d) prepartum
(d -16) to 35 d postpartum (d 35). Mean 305-d milk production
in the previous lactation was 10,533 ± 1,489 kg, and mean
body weight was 648 ± 76 kg at the start of the experiment, 16
d before expected calving day. During the close-up dry period,
cows were housed in shaded pens, fed individually, and had
free access to tap water. A total mixed ration (DM basis) of
corn (Zea maiz) silage (38.4%), bermudagrass (Costal bermu-

dagrass) hay (13.6%), citrus (Citrus spp.) pulp (3.8%), and
concentrate (44.2%) that provided 1.53 Mcal/kg of net energy
of lactation (NEL), 13.4% of crude protein (CP), and 36.1% of
neutral detergent fiber (NDF) (dry matter basis) was offered
during the close-up dry period. These cows were supple-
mented (based on feed chemical composition of mineral and
vitamin mix) with 80,000 IU of vitamin A/d, 10,000 IU of vitamin
D/d, and 350 IU of vitamin E/d. After calving cows were housed
in a free-stall barn and fed a diet based (DM basis) on corn si-
lage (26.6%), alfalfa (Medicago sativa) hay (10.0%), citrus pulp
(9.5%), cottonseed (Gossypium herbaceum) hulls (5.1%), and
concentrate (48.8%). This diet consisted of 1.63 Mcal/kg of
NEL, 17.3% of CP, and 34.3% of NDF (DM basis). Lactating
cows were supplemented (based on feed chemical composi-
tion of mineral and vitamin mix) with 60,000 IU of vitamin A/d,
18,000 IU of vitamin D/d, and 350 IU of vitamin E/d. Dry matter
content of corn silage was determined weekly at 55°C to adjust
as-fed ratios of forage and concentrate. Feed offered and re-
fused was recorded daily from d -16 prepartum to d 35 post-
partum. The cows were milked three times a day.

Sampling and chemical analyses

Body weight was determined on approximately d 20 (pre-
treatment) before expected calving day, and on the same day
each week throughout the trial after the morning milking. Blood
samples were collected via the coccygeal artereo-vein at 5 h af-
ter the morning feeding on week -2, -1, 0, 1, 2, 3, 4, 5 relative to
week of calving using evacuated tubes containing sodium hepa-
rin (Vacutainer®; Becton Dickinson, Franklin Lakes, NJ, USA).
Tubes were immediately placed on ice and centrifuged (Super-
speed Refrigerated Centrifuge, RC-5, Sorvall, USA) within 4 h,
at 4°C for 30 min at 3,000 x g. Plasma was harvested and
stored at -20°C until analyzed for nonesterified fatty acids
(NEFA) using the NEFA-C kit (Wako Chemicals USA Inc., Rich-
mond, VA, USA) with the modifications of Johnson and Peters
[12]. Plasma glucose was analyzed with an automated analyzer
(Bran + Luebbe, Model II, Bran + Luebbe Analyzing Technolo-
gies, Elmsford, NY, USA), following a colorimetric procedure [4].
Liver biopsy samples were collected with trocar and cannula
[23] at the 11th intercostals space at d 16 (10 to 30 d) before
calving date, and on d 2 (1 to 4), 16 (14 to 18 d), and 30 (27 to
34 d) postpartum on the same cows. Upon collection the liver
tissue was rinsed with saline to removed excess blood and im-
mediately placed into liquid nitrogen. After freezing, samples
were placed on dry ice for up to 2 h. Samples were stored at
-70°C until analyzed for triacylglycerol [23]. A cow was classified
as having fatty liver when liver TAG concentration was more
than 2% (wet weight) at d 2 after calving. None of the cows had
severe fatty liver (more than 10% liver TAG).

Concentrations of plasma and liver BC, ROL, and AT
were determined by High Performance Liquid Cromatografy
(HPLC) after double extraction with petroleum ether. The pro-
cedures have been described previously for measuring AT
[21], plasma BC and ROL [2] and liver BC and ROL [28].
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Statistical analysis

Plasma, liver, and performance data were analyzed using
PROC MIXED of SAS [26] according to the following model:

Yijk = µ + Ti + Cji + Dk + TDik + eijk

Where:

Yijk is the dependent variable,

µ is the overall mean of the population,

Ti is the effect of Liver Condition i (normal or fatty),

Cji is the effect of Cow j on Liver Condition i,

Dk is the effect of Time Period k of sampling relative
to parturition,

TDik is the interaction effect of Liver Condition i by Time
Period k relative to parturition,

eijk is the unexplained residual assumed to be
independent and identically distributed N (0, �2).

Cow nested within liver condition was used in the ran-
dom statement as the error term to test for treatment effects.
Prepartum and postpartum data were analyzed separately for
dry matter intake (DMI), body weight (BW), BW change, and
DMI as a percentage of BW. Time period represented week
relative to calving for production and plasma data (week 0
represents the week of calving) but represented day relative
to calving for liver data.

The repeated statement including d or week relative to
calving but no random statement was used in the program.
Satterth option (performs a general Satterhwaite approximation
for the denominator degrees of freedom) was included in the
model statement.

For each analyzed variable, cow nested within treatment
was subjected to four covariance structures: compound symmet-
ric, heterogeneous compound symmetry, autoregressive order
one, and unstructured variance components. The covariance
structure that yielded the better fit statistics criteria was consid-
ered to be the most desirable analysis. Treatment differences or
treatment by time interactions were considered to be significant at
P < 0.05, to have a tendency toward significant at P = 0.05 to P =
0.12, and to be nonsignificant at P > 0.12. When treatment by
time interactions were significant or tended to be significant, the
slice option for LS MEANS statement in PROC MIXED [26] was
used to determine for which time period means were different.
Correlation analysis was performed to relate BC, ROL, and AT
status with body fat mobilization. Pearson correlation coefficients
were obtained using the PROC CORR procedure of SAS [26].

RESULTS AND DISCUSSION

Mild fatty liver and feed intake

The number of cows with more than 2% TAG (wet
weight) at d two postcalving was 19 among a cohort of 34

cows which gives a mild fatty liver prevalence of 56%. Mean
concentration of TAG in the liver was 2.7 and 1.7 for fatty liver
and non-fatty liver classifications (P = 0.008) (TABLE I). The
pattern (interaction of liver condition by time from calving, P =
0.04) of liver TAG concentration was different between the two
groups of cows (FIG. 1). At d 16 before calving, no differences
in liver TAG concentration were observed between groups, but
liver TAG concentration markedLy increased in the fatty liver
group at d two and d 16 after calving.

In periparturient cows, Muylle et al. [20] defined mild
fatty liver as more than 2% liver TAG (wet basis). More re-
cently, Bobe et al. [1] define mild fatty liver as 1 to 5% liver
TAG, elevated concentrations of urinary ketones and de-
creased health status and reproductive performance. Al-
though liver TAG concentration at d 16 before calving was
similar, cows that developed fatty liver in this study had in-
creased their liver TAG concentration by 125 and 98% by d
two and 16 postpartum, respectively. The peak of liver TAG
was observed at d two after calving which has been de-
scribed previously [7, 9]. The persistence of fatty liver for the
first two week of lactation was similar to previous reports by
some [9, 27] but not by others [8, 24].

Plasma NEFA (P = 0.10) but not plasma glucose (P >
0.12) concentrations during the periparturient period tended to be
greater for cows developing fatty liver (TABLE I). As previously
described [20, 25], cows with fatty liver tended to have greater
plasma NEFA concentration than normal cows. This means that
cows with fatty liver had an increased rate of adipose tissue li-
polysis than normal cows, even though BW changes did not vary
between groups, before or after calving (TABLE I). The results of
this study also showed that the plasma NEFA concentration was
positively correlated with the liver TAG concentration at d two (r =
0.65; P < 0.001; not shown on Tables). Plasma glucose concen-
tration was not different between fatty liver and non-fatty liver
cows as previously reported [25].

Mean dry matter intake (kg/d) was not affected by the
fatty liver condition as defined in this study during the peripar-
tum period (-2 week to 5 week related to calving). Cows with
fatty liver tended to have greater mean BW than cows with nor-
mal livers (P = 0.06) but no difference in body weight change
(BWC) was observed between cow groups from two week be-
fore calving to five week of lactation (TABLE I). Cows with mild
fatty liver consumed less DM as a percentage of BW than nor-
mal cows from calving to five week of lactation (P = 0.02), but
no difference between groups were observed at week 1 and
week 2 after calving (liver condition by week of lactation inter-
action, P = 0.10) (FIG. 2). As reviewed by Bobe et al. [1], no ef-
fects of mild fatty liver on DMI had been observed previously.

Plasma vitamins status

Because of decreased DMI as a %BW, increased liver
TAG concentration, and increased plasma NEFA concentration
observed in cows defined as having mild fatty liver, the
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FIGURE 1. PATTERNS OF LIVER TRIACYLGLYCEROL (%
WET WEIGHT) CONCENTRATIONS FOR COWS WITH
NORMAL OR MILD FATTY LIVER CONDITION (MORE
THAN 2% LIVER TRIACYLGLYCEROL, % WET WEIGHT AT
D 2 POSTCALVING) (SEM = 0.25). LIVER CONDITION ×
TIME FROM CALVING INTERACTION (P < 0.04). LIVER
CONDITION BY WEEK DIFFERENCES ARE AS FO-
LLOWED, *P = 0.07, **P = 0.02 / PATRÓN DE CONCENTRACIÓN

DE TRIACILGLICEROLES (% BASE HÚMEDA) EN EL HÍGADO DE VA-

CAS NORMALES O VACAS CON HÍGADO GRASO LEVE.

TABLE I

PERFORMANCE AND METABOLIC CHARACTERISTICS OF NORMAL COWS AND COWS WITH MILD FATTY LIVER1/
CARACTERÍSTICAS METABÓLICAS Y PRODUCTIVAS DE VACAS NORMALES Y VACAS CON HÍGADO GRASO LEVE.

Liver classification

Normal Fatty SEM Liver
effect

Liver
by time

Measurement n = 15 n = 19 —————-P——————-

Liver TAG, % wet weight 1.7 2.7 0.3 0.008 0.04

Plasma NEFA, µeq/dL 266.0 345.0 33.5 0.10 0.57

Plasma glucose, mg/dL 64.6 64.4 1.0 0.89 0.42

DMI, kg/d

-2 wk to calving 10.2 9.6 0.90 0.66 0.27

Calving to 5 wk 21.6 20.3 0.76 0.26 0.29

DMI, %BW

-2 wk to calving 1.67 1.45 0.14 0.26 0.39

Calving to 5 wk 3.99 3.47 0.15 0.02 0.10

BW, kg

-2 wk to calving 617.8 665.4 17 0.06 0.30

Calving to 5 wk 549.7 592.7 16 0.06 0.57

BW change, kg/wk

-2 wk to calving 1.3 3.8 2.5 0.51 0.51

Calving to 5 wk -12.4 -13.1 1.3 0.76 0.50
1 Mild fatty liver defined as more than 2% wet weight liver triacylglycerol (TAG) concentration.
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FIGURE 2. PATTERNS OF DMI AS A PERCENTAGE OF BW
FOR COWS WITH NORMAL OR MILD FATTY LIVER CON-
DITION (MORE THAN 2% LIVER TRIACYLGLYCEROL, %
WET WEIGHT AT D 2 POSTCALVING) (SEM = 0.15). LIVER
CONDITION EFFECT (P = 0.02). LIVER CONDITION × TIME
FROM CALVING INTERACTION (P = 0.10). LIVER CONDI-
TION BY WEEK DIFFERENCES, * P < 0.10; **P < 0.05; ***P
< 0.01 / PATRÓN DE CMS (% PV) DE VACAS NORMALES O VACAS

CON HÍGADO GRASO LEVE.



changes in BC, ROL, and AT status could be associated with
increased body fat mobilization and fatty liver development.

Similar to previous reports [5, 16], plasma concentrations
of BC were decreased at calving and continued decreasing
slightly during the first four week of lactation in both groups
(FIG. 3). However, plasma BC concentrations were not differ-
ent between groups of cows (P = 0.17) (TABLE II). The effect
of lipid mobilization on plasma BC has been addressed before.
Contrary to the obtained results, Haraszti et al. [10] reported a
marked elevation of plasma NEFA (> 0.60 mmol/L) with a si-
multaneous decrease of plasma total carotene that exceeded
50% in cows between 30 to 45 d postpartum.

In the present study, plasma ROL concentrations increased
slightly with week of lactation (FIG. 4) in both groups, but cows
with mild fatty liver tended to have lower plasma ROL (P = 0.10)
(TABLE II), as observed by others [10, 11] in cows with severe
fatty liver. Plasma ROL concentrations were similar during the
prepartum period but tended to be lower at week 0 and week two
related to calving for cows with fatty liver as compared to normal
cows (FIG. 4). Mean plasma ROL concentrations observed in this
study are below concentrations (0.4 to 0.5 µg/mL) reported as
typical when cows are fed at least 50,000 IU of vitamin A/d [28].
However, plasma concentrations of ROL are usually lower during
the peripartum period [6, 16] as compared with other stages of
the cycle. Recently, values under 0.2 µg/mL have been reported
for periparturient Jersey cows fed 125,000 IU of supplemental
retinyl palmitate [5] and for periparturient cows from different com-
mercial herds [14]. Therefore, a poor relationship between intake
of vitamin A and plasma ROL concentrations is frequently ob-
served as pointed out by Weiss [28]. It has been suggested that
the accumulation of TAG in the liver may reduce the synthesis of
retinol-binding protein [15] and plasma albumin [18] which are
both carriers for ROL from the liver to plasma.

Mudron et al. [19] have reported that plasma AT concen-
trations decreased in cows with mild fatty liver, but in the pres-
ent study, plasma AT concentrations were not different be-
tween groups of cows (P = 0.97) (TABLE II). In both groups,
plasma AT concentrations increased with wk of lactation
(FIG. 5) as previously reported [6, 29].

Mean plasma AT concentrations (4.4 µg/mL) observed in
this study were above the critical concentrations of 3.0 to 3.5
µg/mL [29] or 2.0 µg/mL [13] suggested for periparturient cows.

Liver vitamins status

No differences in mean liver BC and liver ROL between
groups were observed (TABLE II). Liver BC (FIG. 6) values de-
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FIGURE 3. PATTERNS OF PLASMA �-CAROTENE CONCEN-
TRATIONS FOR COWS WITH NORMAL OR MILD FATTY LI-
VER CONDITION (MORE THAN 2% LIVER TRIACYLGLYCE-
ROL, % WET WEIGHT AT D 2 POSTCALVING) (SEM = 0.15).
LIVER CONDITION EFFECT (P = 0.17). LIVER CONDITION ×
TIME FROM CALVING INTERACTION (P = 0.58) / PATRÓN DE

CONCENTRACIÓN DE �-CAROTENO PLASMÁTICO DE VACAS NOR-

MALES O VACAS CON HÍGADO GRASO LEVE.

TABLE II

PLASMA AND LIVER �-CAROTENE (BC), RETINOL (ROL), AND �-TOCOPHEROL (AT) OF NORMAL COWS AND COWS
WITH MILD FATTY LIVER1/ �-CAROTENO (BC), RETINOL (ROL), Y �-TOCOFEROL (AT) EN PLASMA E HÍGADO DE VACAS

NORMALES Y VACAS CON HÍGADO GRASO LEVE.

Liver classification

Normal Fatty SEM Liver effect Liver by time

Tissue and measurement n = 15 n = 19 ———-P——

Plasma

ROL, µg/mL 0.23 0.20 0.02 0.10 0.32

AT, µg/mL 4.4 4.4 0.3 0.97 0.80

BC, µg/mL 2.1 2.4 0.2 0.17 0.58

Liver (wet weight)

ROL, µg/ g 208.3 247.5 19.7 0.17 0.39

AT, µg/g 4.0 5.5 0.6 0.06 0.04

BC, µg/g 1.2 1.5 0.2 0.18 0.17
1Mild fatty liver defined as more than 2% wet weight liver triacylglycerol (TAG) concentration.



creased over time in both groups of cows but the depression in
liver BC at calving was more pronounced (68.0 vs. 8.0%, not
shown in Tables) for normal than for fatty liver cows. At d 2
postpartum, liver BC concentration was greater (P = 0.04) in
cows with fatty liver. Liver ROL concentrations (P = 0.10)
tended to be greater in cows with fatty liver at -16 and 2 d rela-
tive to calving but no differences were observed at 16 and 30 d
after calving (FIG. 7).

During the transition period, the ratio of liver ROL to liver
BC was 174 and 165 for normal and fatty liver cows respec-
tively, with results even higher than values observed in steers
deprived of dietary BC [17].

Similar to findings reported by Mudron et al. [19] liver AT
concentrations were higher (P = 0.06) for cows with more than
2% liver TAG concentrations (TABLE II). At d -16 (P = 0.03)
and d two (P = 0.04) related to calving, liver AT concentrations
were greater in cows with fatty liver but no differences were ob-
served at 16 and 30 d after calving. In normal cows, liver AT
values remains almost steady during the periparturient period
(FIG. 8). For both groups of cows, liver stores were much
higher for AT than for BC.

Dynamics of vitamins status and body fat mobilization

Plasma BC concentrations were related positively
whereas both plasma ROL and plasma AT were related nega-
tively to BW (P < 0.0001). Dry matter intake as a percentage of
BW was highly and negatively related to plasma BC concentra-
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FIGURE 4. PATTERNS OF PLASMA RETINOL CONCEN-
TRATIONS FOR COWS WITH NORMAL OR MILD FATTY LI-
VER CONDITION (MORE THAN 2% LIVER TRIACYLGLYCE-
ROL, % WET WEIGHT AT D 2 POSTCALVING) (SEM =
0.02). LIVER CONDITION EFFECT (P = 0.10). LIVER CONDI-
TION × TIME FROM CALVING INTERACTION (P = 0.32). LI-
VER CONDITION BY WEEK DIFFERENCES ARE AS FO-
LLOWED, *P = 0.09, **P = 0.01 / PATRÓN DE CONCENTRACIÓN
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FIGURE 5. PATTERNS OF PLASMA �-TOCOPHEROL CON-
CENTRATIONS FOR COWS WITH NORMAL OR MILD
FATTY LIVER CONDITION (MORE THAN 2% LIVER
TRIACYLGLYCEROL, % WET WEIGHT AT D 2 POSTCAL-
VING) (SEM = 0.32). LIVER CONDITION EFFECT (P = 0.97).
WEEK EFFECT (P < 0.0001). LIVER CONDITION × TIME
FROM CALVING INTERACTION (P = 0.80) / PATRÓN DE CON-

CENTRACIÓN DE �-TOCOFEROL PLASMÁTICO DE VACAS NORMA-
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tion but positively related to plasma ROL and plasma AT con-
centrations (P < 0.0001). A low but significant positive correla-
tion between plasma NEFA and plasma BC concentrations (r =
0.18; P < 0.05) was detected in the present study. Both plasma
ROL (r = -0.36) and plasma AT (r = -0.35) concentrations were
related negatively to plasma NEFA concentration (P < 0.0001)
(TABLE III).

Contrary to the obtained results, Haraszti et al [10] re-
ported a negative correlation (r = -0.388 to -0.503) between
plasma NEFA and plasma total carotene in cows at -5 to 10 d
from calving. However, the correlation found between ROL and
plasma NEFA in the present study was similar to Haraszti et al
[10] whom reported a negative correlation (r = -0.360 to -0.430)
between plasma NEFA and plasma vitamin A in cows at 0 to
45 d from calving. Similarly, at one week before calving, Le-
Blanc et al [14] found an inverse and significant association of
plasma NEFA concentrations with serum ROL but not with se-
rum BC concentrations. An increment of 100 µeq/dL in plasma
NEFA would be expected to decrease ROL by 60 ng/mL.

In the present study, plasma BC concentrations seems
to be closely related to degree of body fat mobilization as evi-
denced by a low but positive correlation between NEFA and
plasma BC concentrations. Plasma concentrations of BC are
related to forage intake, but no effect of feeding level (high vs.
low energy intake) was recently observed on plasma BC con-
centrations of cows at mid lactation [22]. The negative correla-
tion found between DMI, as percentage of BW, and plasma BC

concentrations means that cows with lower DMI during the
transition period have higher plasma BC concentrations.

A positive direct relationship between feed intake and
plasma status of vitamins was found only for ROL (r = 0.55; P
< 0.0001) and AT (0.46; (P < 0.0001), which suggests that
stores of ROL or AT are less labile than stores for BC. For
cows at mid lactation, the contribution of adipose BC pool to
plasma BC was very small [22]. Based on present data and as-
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LIVER CONDITION EFFECT (P = 0.06). LIVER CONDITION ×
TIME FROM CALVING INTERACTION (P = 0.04). LIVER CON-
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TRÓN DE CONCENTRACIÓN HEPÁTICA DE �-TOCOFEROL DE VACAS
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TABLE III

CORRELATION COEFFICIENTS BETWEEN PLASMA
RETINOL (ROL), �-TOCOPHEROL (AT), OR �-CAROTENE

(BC) CONCENTRATIONS AND BW, DMI %BW, AND
PLASMA NEFA FROM -2 WK TO 5 WEEK RELATIVE TO

CALVING/ COEFICIENTES DE CORELACIÓN ENTRE LAS

CONCENTRACIONES PLASMÁTICAS DE RETINOL (ROL),

�-TOCOPHEROL (AT), OR �-CAROTENO (BC) CON EL PESO VIVO Y

LOS AGNE DESDE -2 HASTA 5 SEMANAS EN RELACIÓN AL PARTO.

Plasma

Parameter BC ROL AT

BW 0.37a

(n = 229)
-0.26a

(n = 228)
-0.17b

(n = 157)

DMI, %BW -0.63a

(n = 224)
0.55a

(n = 223)
0.46a

(n = 155)

Plasma NEFA 0.18b

(n = 231)
-0.36a

(n = 230)
-0.35a

(n = 158)

Significance level: aP < 0.0001; bP < 0.05. Values in parenthesis
represent the number of samples.



suming a liver weight of 6 kg, the contribution of mobilized liver
BC to plasma ROL (1 mg BC = 120 µg ROL) would be 1044 µg
for normal vs. 115 µg for fatty liver cows, at calving.

The regulatory mechanisms of the liver in maintaining
plasma ROL concentrations, particularly in dairy cows during
the transition period are unknown. The lower liver BC and
greater plasma ROL concentrations observed in this study for
normal cows at calving suggests that stored ROL in liver first
forces available BC stores to be converted into ROL, thus de-
creasing the BC concentration but not the ROL concentration
in liver. However, these coordinated changes might not oper-
ate for cows with fatty liver.

There was a substantial variation in correlation coeffi-
cients among liver nutrients at each time from calving; there-
fore, a correlation coefficient for each time from calving was
computed. Liver BC and liver ROL concentrations had a posi-
tive and significant correlation at d 30 (0.53; P < 0.05) but not
at other times (P > 0.12) (TABLE IV) which suggests that the
relationship between liver stores of BC and ROL appeared
only after liver TAG infiltration declined (approximately 4 wk
after calving). Positives correlations (range: 0.170 to 0.499)
between liver total carotenes and liver vitamin A have been
found in Hereford calves [3].

At d two from calving only, a positive correlation between
liver BC and liver AT was found (P < 0.01) whereas no asso-
ciation between liver AT and liver ROL concentrations was ob-
served (P > 0.12) at any time (TABLE IV).

At all times after calving, liver BC concentrations were
positively (P < 0.12) associated with liver TAG concentrations
but, liver ROL concentrations were not associated with liver
TAG concentrations (TABLE IV). An association between liver
AT and liver TAG concentrations was observed (0.43; P <
0.05) at d 30 from calving, only (TABLE IV).

No information on the relationship among liver BC, liver
ROL and liver TAG was found in the literature and only one
study has reported the relationships between liver AT and liver
TAG [19]. The findings of the present study suggest that liver
BC concentrations are related to liver TGA infiltration and fatty
liver development.

CONCLUSIONS E IMPLICATIONS

During the transition from the nonlactating to the lac-
tating state in the dairy cow, changes in �-carotene (BC) and
vitamins A and E status occur. Late prepartum and early
postpartum Holstein cows received a corn silage and alfalfa
hay based diets. Changes in BC and vitamins A and E status
in cows were associated with increased body fat mobilization
and fatty liver development. Both plasma vitamins A and E
had positives relationships with feed intake, which suggests
that stores of these vitamins are less labile than stores for
BC. Less liver BC was mobilized in cows with mild fatty liver
at calving.

The changes in BC, ROL, and AT status in periparturient
dairy cows were associated with increased body fat mobiliza-
tion and fatty liver development. Plasma and liver BC would be
expected to increase whereas both plasma ROL and AT would
decrease with lipolysis. Both plasma ROL and AT had posi-
tives relationships with feed intake, which suggests that stores
of ROL or AT are less labile than stores for BC.

The lower liver BC and greater plasma ROL concentra-
tions found in this study for normal cows at calving suggest
that stored ROL in liver first forces available BC stores to be
converted into ROL, thus decreasing the BC concentration in
liver without decreasing ROL concentration in liver. However,
these coordinated changes might not operate for cows with
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TABLE IV

CORRELATION COEFFICIENTS AMONG LIVER �-CAROTENE (BC), RETINOL (ROL) AND �-TOCOPHEROL (AT)
CONCENTRATIONS AND AMONG LIVER BC, ROL OR AT CONCENTRATIONS AND LIVER TRIACYLGLYCEROL (TAG)

CONCENTRATIONS/COEFICIENTES DE CORELACION ENTRE LAS CONCENTRACIONES HEPATICAS DE �-CAROTENO (BC),

RETINOL (ROL), y �-TOCOPHEROL (AT), Y ENTRE LAS CONCENTRACIONES HEPATICAS DE BC, ROL OR AT

Y LAS CONCENTRACIONES HEPATICAS DE TRIACILGLICEROLES.

d relative to calving TAG
BC

TAG
ROL

TAG
AT

BC
ROL

BC
AT

ROL
AT

-16 0.32ns

(24)
-0.34e

(24)
0.10ns

(22)
-0.16ns

(24)
0.16ns

(22)
-0.03ns

(22)

2 0.35c

(30)
0.12ns

(30)
0.27ns

(28)
0.13ns

(30)
0.56b

(28)
-0.09ns

(28)

16 0.65a

(29)
-0.10ns

(29)
-0.02ns

(25)
-0.01ns

(29)
0.08ns

(24)
-0.23ns

(24)

30 0.33d

(28)
-0.14ns

(28)
0.43c

(26)
0.53c

(28)
-0.07ns

(26)
-0.02ns

(26)

Significance level: aP < 0.001; bP < 0.01; cP < 0.05; dP < 0.10; eP < 0.12; nsP > 0.12 (no significant). Values in parenthesis represent the number of
cows.



fatty liver because less liver BC was mobilized in cows with
mild fatty liver at calving. More information on the mechanisms
of the liver for controlling homeostasis of plasma ROL is
needed, particularly in dairy cows during the transition period.
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