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Fatty Liver in High Producing Dairy Cows Kept in Evapor ative
Cooling System in a Commercial Dairy Herd in Thailand

Theera Rukkwamsuk?, Sunthorn Rungruang? and Theo Wensing3

ABSTRACT

The occurrence of fatty liver was investigated in a commercial dairy farm under evaporative
cooling system in Thailand by determination of triacylglycerol concentrations in the liver. Nineteen
Holstein-Friesian cowswere used. Liver sampleswere collected at -2, 1, 2, 3, and 4 wk from parturition.
At -2 wk, mean liver triacylglycerol concentration was 24.3 + 1.0 mg/g of liver. After parturition, mean
liver triacylglycerol concentration from 6 cowswaslower than 50 mg/g of liver (mild fatty liver group),
the mean concentration from 8 cowswas between 50 and 100 mg/g of liver (moderatefatty liver group),
and the mean concentration from 5 cowswasgreater than 100 mg/g of liver (severefatty liver group). The
resultsshowed that 68.4% of dairy cowsinthisinvestigation suffered from periparturient fatty liver. Milk
production in severe fatty liver group tended to be higher than the milk production in mild or moderate
fatty liver cows. Thisresult indicated that cows with higher milk yield tended to enter deeper negative
energy balance postpartum and as a consequence had more intensive lipolysis, leading to accumulation
of agreater amount of triacylglycerolsintheliver. In conclusion, an evidence of fatty liver wasfoundin
high producing dairy cows, kept under cooled condition in Thailand. Before any preventive measures
could bemade, further researchisrequired to study the effect of fatty liver or negative energy balanceon
periparturient problems, i.e. infertility, metabolic disorders, in dairy cowsraised in Thai conditions.
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INTRODUCTION tissue raises the concentration of non-esterified

fatty acids (NEFA) in the blood (Rukkwamsuk et

Dairy cows usualy go into a period of
energy shortageor negativeenergy balance (NEB)
during periparturient period becausefeedintake of
the cowsduring that period cannot alwaysprovide
sufficient energy to meet the increase of
requirements as initiated by increasing milk
production postpartum (Harrison et al., 1990).
Thus, the energy supply must be derived partly
fromlipolysisandproteolysis. Lipolysisinadipose

al., 1998). Themobilized NEFA are absorbed by
the liver, are metabolized or re-esterified to
triacylglycerols(TAG) (Bruss, 1993). Most of the
TAG are secreted from the liver in very low
density lipoproteins. Evidence exist that more
intensivelipolysisasoccurringincowswith severe
NEB, plasmaNEFA concentrationsincrease more
substantially, resulting in an increase of TAG
synthesis that exceeds the liver's capacity for

Faculty of Veterinary Medicine, Kasetsart Universtiy, Kamphaeng Saen, Nakhon Pathom 73140, Thailand.
Pakthongchai Dairy Farm, Pakthongchai, Nakhon Ratchasima 30150, Thailand.

3 Utrecht University, 3508 TD Utrecht, The Netherlands.

Received date : 15/12/03

Accepted date : 19/04/04



230 Kasetsart J. (Nat. Sci.) 38 (2)

excreting TAG in very low density lipoproteins,
resultinginfatty liver or hepaticlipidosis(Vanden
Top et al., 1995; Rukkwamsuk et al., 1998;
Rukkwamsuk et al ., 1999c). Itiswell documented
that NEB or fatty liver has adverse effects on
health, production, and reproductionindairy cows,
partly due to some consequences of intensive
lipolysis causing fatty liver (Hill et al., 1985;
Gerloff et al., 1986; West, 1990; Veenhuizen et
al., 1991; Kandefer-Szerszen et al., 1992;
Staufenbiel et al., 1993; Rehage et al., 1996;
Rukkwamsuk et al., 1999b; Rukkwamsuk et al.,
1999d;). Incowswith severefatty liver, apart from
delayed bromsul phthal ein clearance ability of the
liver (West, 1990; Rukkwamsuk and Wensing
2002), hepatic gluconeogenesis is impaired
(Rukkwamsuk et al., 1999b), a phenomenon that
may delay an inhibition of lipolysis.

Heat stressisamajor contributing factor in
infertility of lactating dairy cows in hot climate
(Wolfenson et al., 2000). In Thailand, some
commercia dairy farms have adopted a cooling
system for the cows in order to aleviate any
adverse effects of severe heat stress. It is
documented that cows raised in a barn with
evaporative cooling system have lower rectal
temperatureand respiration ratesthan thoseraised
inabarnwithout cooling system (Armstrongetal.,
1985; Armstrong et al., 1993). The evaporative
cooling system is suggested to improve cow
comfort, and eventually could result in an
improvement of production in high producting
dairy cows.

The biochemical changes of liver in
periparturient dairy cowsthat areraised in afarm
withanevaporativecooling systemareworthtobe
intensively studied. Therefore, the objective of
this study was to determine liver triacylglycerol
concentrationsasanindicator of fatty liver or NEB
during periparturient period in randomly selected
cows from acommercial dairy farm.

MATERIALSAND METHODS

Farm, animals and diets

The study was conducted in acommercial
dairy farm at Pakthongchai District, Nakhon
RatchasimaProvince, Thailand. Thefarm consisted
of 532 lactating cows, 112 dry cows, and 550
replacement calves and heifers. The average milk
production of the farm was 11,920 kg/d. The
close-up and lactating cows were kept in a free-
stall housing with an evaporative cooling system,
which controlstheinsidetemperature between 25-
28°C. All cowsintheevaporating barnwerefed ad
libitumwith total mixed rationsasshownin Table
1. During thedry period, thecowswereoffered 25
kg/d of the dry cow diet and 31 kg/d of the
transition diet. After parturition, the cows were
offered 39 kg/d of the lactating diet.

Twenty healthy, dry pregnant multiparous
Holstein Friesian cows were randomly selected;
mean age was 4.9 yr (SD = 2.2), mean 305-d
cumulative milk yield was 7,629 kg (SD = 1453),
and mean body conditionscore(BCS) was3.6 (SD
= 0.3) at the start of the experiment.

Sampling and assay procedures

Liver biopsy was obtained using the
percutaneous biopsy method as described by Van
den Top (1995). Theliver sampleswere collected
about 2 wk (12 = 7 d, mean = SD) before the
anticipated calving dateandat 1 (7 +2d), 2 (14 +
2d),3(21 +2d), and 4 (28 = 2 d) wk after
parturition. During collection, the liver samples
were placed on filter paper to remove any
connectivetissueand blood clots, and wereplaced
in a tube with physiological saline. All samples
were transported to the laboratory in an ice box.
Thereafter in the laboratory, these samples were
dried on the filter paper, and any remaining
connective tissue or blood clots were removed.
The samples were weighed in separated tubes for
each TAG determination, and were kept at -20°C
until analysis. Triplicate analyseswere performed
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Tablel Composition of total mixed rations (TMR) as fed basis.

Ingredient Dry period Transition period L actating period
kg asfed

PCL-31 0.8

PCL-P2 2.0
PCL-F3 3.8
Wet brewer grain 8.0 7.0 10.0
Corn silage 8.0 125 125
Peanut hay 35 6.0 6.0
Rice straw 20
Cassava chips 1.0 13
Whole cotton seed 0.6 2.0
Ground corn 1.0
Molasses 1.0 0.5 0.5
Premixes 0.5 0.5 10

1 Consisting of 33.0% soybean meal, 27% canolameal, 22.5% wheat bran, 11% dried brewer grain, 4.1% limestone, and 2.4%

sdts.

2 Consisting of 54.5% soybean meal, 15.0% canolameal, 13.0% dried brewer grain, 11.0% corn gluten meal, 4.7% salts, and

1.8% biophos.

3 Consisting of 44.0% soybeanmeal, 27.0% corn gluten meal, 14.0% canolameal, 5.5% dried brewer grain, 1.9% salts, and 1.6%

limestone.

inall liver samples.

Liver TAG concentrations were assayed
by spectrophotometry withtheuseof acommercial
kit (Triglyceride GPO-PAP; CLASS-1
Laboratories Co., Ltd., Bangkok, Thailand).

Statistical analyses

All cows caved normally. One cow was
clinically abnormal after parturition, and this cow
had an enormous increase of TAG in her liver.
Therefore, dataof milk production and liver TAG
concentration of this cow were excluded from the
analyses. Datawerestatistically analyzed usingan
SPSS computer program (SPSS Advance
Statistic™, 1994). Data were tested for normal
distribution using the Shapiro-Wilk W test (Petrie
and Watson, 1999), and the homogeneity of
variances was verified using the Levene's test
(Petrie and Watson, 1999). Comparison of data

between sampling days was performed using the
paired Student t test. The two-sided level of
statistical significance was preset at P < 0.05.

RESULTSAND DISCUSSION

Liver triacylglycerols

Mean concentrationsof TAG intheliver of
19 cowsare presented in Figure 1. At 2 wk before
parturition, mean liver TAG concentration was
24.3+1.0(mean+ SEM) mg/gof liver wet weight,
whichwasinthesamerangeasreported previously
(VandenTopetal.,1995). At 1,2, 3,and4wk after
parturition, mean TAG concentrationswere61.4 +
6.3,61.1+6.4,57.3+6.3,and 57.8 = 7.8 mg/g wet
weight of liver, respectively. These values were
significantly higher than the mean concentration
before parturition and indicated that these cows
had fatty liver asdescribed by Gaal et al.(1983) In
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this study, postpartum TAG concentrations were
similartotheresultsof afield study in9 commercial
dairy herds in The Netherlands (Jorritsma et al.,
2001) in whichthe mean concentration of TAGin
theliver of 218 cows sampled between6and 17 d
after parturitionwas61.2 + 2.6 mg/gwet weight of
liver. The prevalence of fatty liver (more than 50
mg of TAG in 1 g wet weight of liver tissue) is
reportedto be54.1%. Inthisstudy, theoccurrence
of fatty liver was 68.4% (13/19). It was obvious
that most cows increased their liver TAG
concentrations immediately after parturition and
the concentration remained at higher values
throughout 4 wk after parturition (Van den Top,
1995).

According to liver TAG concentrations
postpartum, cows were arbitrarily divided into
three groups: mild fatty liver group (liver TAG
concentrations lower than 50 mg/g wet weight of
liver), moderate fatty liver group (liver TAG
concentrations between 50 and 100 mg/g), and
severefatty liver group (liver TAG concentrations
greater than 100 mg/g) (Gaal et al., 1983). With
this criterion, 6, 8, and 5 cows were in mild,
moderate, and severe fatty liver groups,
respectively. At 2 wk before parturition, mean
liver TAG concentrations between the 3 groups of
cowswere20.5(+3.1), 25.3(+5.0) and 23.6 (x4.2)
mg/g wet weight of liver, respectively. At 2 wk
after parturition, mean liver TAG concentrations
were 32.5 (+9.3), 62.0 (x13.8) and 101.1 (+25.3)
mg/g wet weight of liver, respectively. It is
documented that the cows with severe fatty liver
might enter deeper NEB, which could induce a
more intensive lipolysis (Rukkwamsuk et al.,
1999a). In addition, severe fatty liver cows
obviously haveaprolonged fatty liver asthemean
TAG concentrationsin the liver remained high at
least 4 wk after parturition. Thisresult may relate
to impaired gluconeogenic capacity of liver with
high TAG levels (Rukkwamsuk et al., 1999b),
resulting in a prolonged period with decreased

blood glucose and insulin concentrationsand asa
conseguence to longer lasting lipolysis.

Milk production

Mean milk yield during the first 30 d of
lactation of the cowsis demonstrated in Figure 2.
The milk yield inclined very sharply during the
first few days of lactation. All 19 cows produced
an average of 31 = 4 kg/d during first 4 wk of
lactation. Mean milk yield of cows with mild,
moderate, and severefatty liver were 29 + 6 (mean
+8D), 31+ 5, and 34 + 7kg/d, respectively (Figure
3). The mean milk production of cowswith severe
fatty liver tended to be higher (P = 0.1) than the
mean milk production of cows with mild fatty
liver. Thisresult indicated that ahigher milk yield
might be associated with NEB and, thus, was a
predisposing factor to thefatty liver devel opment.

CONCLUSIONS

It is well documented that fatty liver
postpartum is associated with increased
vulnerability for production diseases decreased
immunocompetence (Wentink et al., 1997), and
reproductive disorders (Rukkwamsuk et al.,
1999¢;) arefound to be associated with fatty liver.
This result demonstrated that Holstein Friesian
cows raised in Thailand under cooled condition
could develop fatty liver after parturition. It could
be expected that this condition is connected with
some health and reproduction problems as it is
usually reported in Thailand. As far as the dairy
cowsunder natural Thai conditionsareconcerned,
no exact data either about the frequency that fatty
liver occurs or about the seriousness of fatty liver
postpartum areavailable. Takinginto account that
fatty liver in periparturient dairy cows can cause
great economical losses, more research is
necessary.
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Figurel Livertriacylglycerol (TAG) concentrationsat -2, 1, 2, 3, and 4 wk from parturition of 19 cows.
Data represent mean + SEM. Asterisks indicate that mean concentrations of liver TAG at 1,
2, 3, and 4 wk after parturition significantly differed from the mean at -2 wk (P < 0.05).

50.0

n w IS
= o o
o o o

Milk yield (kg/d)

=
o
o

W+ T T T T T T T T T T T T T T T T T
12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Days from parturition

Figure2 Milk production during the first 30 days after parturition of 19 cows.
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Figure3 Milk production during the first 30 days after parturition of cows with mild
(O; n=6), moderate (« ; N = 8), and severe (o; n = 5) fatty liver.
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