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CHAPTER1

INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction 2

In dairy cow, seproductive efficiency has a major impact on profitability of
dairy farms. A calvingintesval of 12—13I months or once a year calving is generally
accepted as optumal to drive maximum gponomic benefit in non-seasonal year round
calving dairy herds. Improveme’rit m 're;)'.roductive performance of dairy cattle
encompasses factors associated with resTlfmth_ion of ovarian function, detection of
estrus, and establishment and maintenanc% of pregnancy. Slow recovery of ovarian
activity during the postpartum period is a ;_r_-_qujprdi_mpediment to insemination of cows
immediately after the end of the ivoluntaryj'v;{*giti-ng period. Negative energy balance
has been linked with a delay in‘resumption of 7§qs‘gpartum ovulation in dairy cows. In
addition to the physiologib‘étl p-eriod of negaﬁifé energy balance, environmental
factors, such as heat stress in tropical regions:,;\;\_zliiéh exacerbate energy needs of dairy
cows in early lactation, can fuﬁher compfomise energy intake and reproductive
performance. Heat'stiess can act in more than one way to teduee fertility in lactating
dairy cows. Heat.Siress can reduce dry matter intake to indirecti; inhibit GnRH and
LH secretion from the hypothalamo-pituitary system. However, it is not clear if heat
stress can also direetly influence the hypothalamo-pituitary system to reduce GnRH
and LH setretion: Heatystress can [ditecCtly "comipiomise| theyuteriner€nvironment to
cause embryd. loss.and linfertility..In heat stressed cow,.it has been proposed that the
oxygen-derived free radical is ingreased. The oxygen-derived free radical has a
detrimental~effect onwcow=health) and jalsofion~teproductive petformanee. Dietary
supplementation with anti¢xidant{for example ‘B-caratene’ is of interest and may be
beneficial for lactating dairy cows under heat stress. In the context of declining
fertility in the dairy cows worldwide, it is important to understand how these cows

resume their ovarian cyclicity in the post partum period. Evaluating factors associated
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with resumption of ovarian activity, conception rate, and embryonic survival might
improve our understanding of the poor reproductive efficiency in dairy cows.

In Thailand, the aproximate nurnber of dairy cattle reported by Department of

(DLD, 2008). These dairy cattle were
e, the dairy farm in Thailand is
1 tatmg cows. Reproductive

performance in da1ryﬁh!ﬂland‘ﬂpoo

factors 1mpl1catm{—r
main factors (Ai ai

for several months S are in conventional open-air

Livestock Development was 4

raised by approximately 20,0
characterized as a
007) There were several
eat stress is one of the

erature exceeds 30 °C

barn, where a | relati 1 hose of the outside.

Cows are affecte i i ! i midity and this results

reproductive perfo
effects of heat stress o prpfmﬁg perf rm
reveal useful information. A‘f—m h s been no research to investigate the effects

eviewing the data on the

d aver a period of time may

eat load throughout the

.ﬂidlﬁ ally ¢ the agative effects of heat
stress on dairy €ows, such as the utilization of cooling systems or manipulation of

year is needed
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ex uﬁ §J eat S e ﬂ ﬂﬁwe strategy.
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1.2 Literature review
1.2.1 Heat stress and its effects on reproduction in the dairy cow

1.2.1.1 Thermoregulation in the dairy cow

Thermoregulation @ '\__' , rature h o1 is refers to the process of keeping

internal body temperature in tead state, al temperature is changed.

Cattle are neither 1 or col str“ effective environmental

»r. .‘?-v 5 1\\:\’5 in the TNZ the highest

productivity is noumally aehie -. w- 0 g potential. The range of
TNZ is from lowe / }r tur g \,, * 1P| oS al temperature (UCT).
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Hyperthermia
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production and environmental temperature = lower critical temperature;

upper critical temperature. (Kadsere et al., 2002)
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The LCT is the ambient temperature below which the rate of heat production of a
resting homeotherm increases to maintain thermal balance and the UCT is the ambient
temperature above which thermoregulatory evaporative heat lost process are recruited
(Igono et al., 1992). This range depends on several factors such as age, breed, feed
intake, diet composition, housing conditionsiand behavior of an animal. Igono et al.
(1992) studied the environmental profiles and cifeet of critical temperature on milk
production of Holsteineows in a desert climate and they found that the highest milk
production was ~measured «dusing optimal thermal mneutral periods that were
characterized by ambient temperatures below 21 °C throughout the day.

Cattle are homeothesms. They have the ;l‘tbility to regulate internal body temperature.
This ability allows cattle fo  function in spite of variations in the surrounding
environment. The eore body; tempére}ture :o_lf lcattle is normally about 39 °C, however,
body temperature flugtuates throughout the day by between 0.5 and 1.2 °C. This is a
rhythmic fluctuation, which usually reacf;gs a peak during the early hours of the
evening and drops to its lowest levelearly i‘ﬂ--the*morning. Heat exchange between the
dairy cow and its environment is the way to regulate internal body temperature. Heat

is transferred between the cow and environment bly_,radiation, conduction, convection,

e |

and evaporation process. —

=t - d

1.2.1.2-Heat production and heat gain

Heat production is defined as a measure of the sum total of energy
transformations happening in an animal per unit time (Kadzere'et al., 2002). The main
source of heat production in cattle is metabolic heat. This is heat produced in the body
when feed is conyerted by biochemical reactions to supply energy for various body
functions including maintaince and production needs such as pregnancy lactation and
growth. Under cold conditions, imetabolic heat preduction can be they value in
maintainingsbody-temperature; however, under hot conditions, metabolic heat must be
dissipated from the animal."Most metabolic heat is"generated in"the core of the afiimal
and is transported to the animal’s surrounding when its environment is cooler than the
body surface. If the animal is unable to transfer sufficient heat to the environment it

can accumulate in the body leading to excessive heat load and hyperthermia.



Although metabolic heat production is the major contributor to body heat load, cattle
also take in additional heat from solar radiation, reflected radiation from surrounding
objects and from the air itself, if air temperature is higher than the animal’s body
temperature. Heat production is controlled by several mechanisms. It is directly
control by the nervous system (Hammel,#1968), by endocrine system, through
modifications of appetite and digestive process,sand indirectly by alteration of the
activity of respiratory rate and protein synthesis.  The heat production rate can be
greatly affected by the environmental temperature through the alteration of feed
intake, production and themmoregulationlin an animal.

" |

1.2.1.3 Heat disSipation mechanism.

=
- =4

In mammals, the body temperature is'maintained at a relatively constant level because
of the balance that exists between heat p:r.lqduction and heat loss. It is important to
understand heat dissipation .mechanisms m animals. Factors that increase heat
production over basal metabolic’ ratc inciﬁ_&fg_exercise of shivering, imperceptible
tensing of muscles, chemical increase of megajt)g-);ig: rate, heat increment and discase
(fever). Factors decreasing Jheat loss are aﬁ‘té}nal shift in blood distribution, a

" - ) -.- i
decrease in tissue conductanee; or reduction of counter-current heat exchange. On the

other hand, heat loss from the animal is enhanced by sweatitig, /panting, a cooler

environment,’ _ichcreased skin circulationh (Vélsodilatation), éﬁggter fur insulation,
increased sensible water loss, increased radiation surface, and increased air movement
or convection. .

The animal‘loses, heat by conductiof, /convection, radiation, evaporation of
water,land. through ‘expired air. Heat dissipation is. shifted, from “radiation and
convection at lower ambient "temperatures to vaporization at higher ambient
temperatures. The amount of heat lost by skin depends partly on the temperature
gradient bewween-theskin, air and solid objeet. Non-evaporative heat loss«declines as
ambient "temperatures rise“above the“lower critical temperaturé*making“cows*more

dependent on peripheral vasodilatation and water evaporation to enhance heat loss

and prevent a rise in body temperature (Berman et al., 1985). However, peripheral
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vasodilatation is unlikely to be a major method of increasing heat loss in cattle

because of their large body mass.

1.2.1.3.1 Radiation

Heat transfer through radiation takes/places.n form of electromagnetic wave
mainly in the infrared region. Animals contintially emit and receive radiant energy
from the sun and otherobjeets in their environment-Phe-amount of heat absorbed by
an object from direct radiatedhecat depends not only on the temperature of the object,
but also on it colourand texture. The dalrk surface radiates or absorbs more heat than
light coloured surfages at the same tem'berature. Therefore, an animal with a black
coat will have an absogbange of | of the :e_lirg:ct radiation, whereas, a white-coated one
will have an absorbance of 0:37 an-d one Vzllth red fur has an absorbance of 0.65 (Cena
and Monteith, 1975). Radiant heat transfer between bodies take place in both
directions, and if the bodies are at differen‘ﬁ;emperatures there is a net transfer of heat
from the warm to the gooler body. This net h’e_at transfer involves the loss or gain of
heat by the animal through absorption or réﬂgbﬁon of electromagnetic infrared waves.
The experiments which were 01ted by Sllamkove':;pt al.; (2000) found that cows, in
experiments using artificial radlant heat 1@-_ —d;d not respond to radiation at an
ambient temperature of 7:2' S€  However, at Iempererture of 21. 1 and 26.7 °C, Jersey

cows had a mean heat production rate 12-14% lower with ma)_(m}um radiation load.

On the other_hgﬁld, Holstein cows showed heat production dec_fée_lses of 26% at 21.1
°C and of 9% at 26.7 °C. In the same experiment, Brahm:'an cow showed little
response to radiation insofar as heat production was concerned. The authors
concluded that thelacks of response by Brdhman cows was due to their low heat
production rate. Thercfore, their heat dissipation requitement was not more than half

that of the lactating Jersey and Holstein.

1.2.1,3.2 Evaporation

Evaporative cooling from the outer surface of cattle is'signiticant. This method
of heat dissipation is most efficient in hot and dry environments. The proportion of
metabolic heat that is dissipated from an animal’s body by evaporation increases with

rising environmental temperatures and a decreasing temperature gradient between
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animal and air. The heat required to convert water into vapor is referred to as the
latent heat of vaporization. The vaporization of 1 ml of water requires 2.43 Joules and
this is amount of heat lost when 1 ml of water evaporates from the skin or from the
respiratory tract (Silanikove et al., 2000). Respiratory and cutaneous water losses can
be separated into passive and thermoregulatory. eomponents. Passive water loss is the
respiratory and and cutaneous diffusion losses, the latter constituting approximately
two-thirds of passive'water loss. Thermoregulatory water loss is activating by panting

and sweating.

1.2.1.3.3 Copdliction \

Conduetion is _the transfer. of .heat due to the physical contact of the animal
with a surface, airor liquid thatiis cooler tlllaln the animal. Conduction of heat to solid
surfaces is usually minimal in standing animals as only 2% of the surface (the hooves)
is in contact with the ground, however when lying-down 20-30% of the body surface
may be in contact with the gtound.“The ﬂ'e-w' of heat by conduction depends on the
temperature difference, the conductance o’t'; the media, and the area of the contact
(Kadzere et al., 2002). For the high producing: daljry cOW it is important to know that
the magnitude of conductive heat transfer dmlds on the nature of the materials in
contact with its skin, in particular is thermal-conductlwty. To alleviate heat stress
utilization of beddmg materials Wlth hlgh conductance may facﬂltate cooling of the

animal.

1.2.1.3.4*Convection

Convective theatstransfer occurs in fesponse to movement of fluid or gas.
Whenseool air comes in contact with a warm body, a layer of air surrounding the
surface,of the body is heated and rises moving away from the body, carrying with it
heat and thereby cooling the body#On the contrary, if.air temperature is greater than
skin temperatuse; then airymovement will promote the ‘'movement of heat into| the
animal until air temperature equals'skin temperature when transfer of heat'cecases™ The
transfer of heat during respiration is a form of convective heat transfer. The velocity
of air movement affects the rate of convection and anything that resists air movement

such as fur in cattle decrease the rate of heat transfer by convection.



1.2.1.4 Defining stress

The term stress is commonly used to indicate an environmental condition that
is adverse to the well-being of an animal. Stress may be climatic, such as extremely
low or high temperature; due to water o feed deprivation; social; due to some
physiological disorder; pathogens or toxins (5€otty1981). The term heat stress is very
general and is usedswidely-and quite-loosely(Yousefy1988). It may refer to the
effects of the climate on the.eows or productive or physiologic responses by the cow
(West, 2003). Lee (1965) presented a working definition of stress that is often used by
physiologists in whieh stress denotes thzg magnitude of forces external to the bodily
system which tend to displace that s_:ysterr:}_ from its resting or ground state, strain is the
internal displacement from the res:tigg orgrlound state brought by the application of
the stress. Therefore the environmental factors external to the cow would contribute to
stress. In this cases it is/the heat stress. Tlfe,displacement of the cow from the cow’s
resting state would be the response to the exté_rnaﬂ: stress, or heat strain (West, 2003).

The effect of hot @and humid conditiz)_gfs in the cow’s environment are thought
to mediate an effect on cow body temperature. Bllclrman et al., (1985) suggested that
the ambient temperature of 25 1026 °C is tﬁper limit of ambient temperatures at
which Holstein cattle may naintain stablhty ;of 'bedy' temperature. The lower critical

temperature_was estimated for cows producing 30 kg FCM/dqy on the basis of

calorimetric dq_té as -16 to -37 °C (Hamada, 1971). At or belo{i the upper limit and
above the lower critical temperature, Holstein cattle may rr;aintain a stable body
temperature. Above the upper limit or, in other words, upper €ritical temperature, an
increase in body ‘temperature negatively influences performance, reducing milk
production and changing milk composition, and the cow. enters heat stress.

Berman et al., (1985) also found that this critical temperature was apparently
not modified by previous acclimatization or by smilk production. This sfinding
contradicts the eonclusion of Yousef (1988) that the lowerjand upper limitsyaries with
physiological state and' other ‘environment conditions. In "a hot*and humid"area; not
only temperature but also humidity affects body temperature. The combination of
high relative humidity with high ambient temperature is one of the major challenges

facing dairy farmers in such area. Igono and Johnson (1970) found that high
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producing cows were more sensitive to heat stress and milk production declined
significantly when rectal temperatures exceeded 39 °C for more than 16 hours. In
addition, Purwanto et al., (1990) found cows at high (31.6 kg/day) and medium (18.5
kg/day) milk production levels generated 48.5 and 27.3% more heat than dry cows,
respectively. At a temperature 29 °C and 40% reclative humidity the milk yield of
Holstein, Jersey and Brown Swiss cows was 97493 and 98% of normal, but when
relative humidity was inereased to 90% yields were 69, 75, and 83% of normal

(Bianca, 1965).

1.2.1.5 Assessmentof heat stresé[ in the dairy cow

Understanding whenja cow enterslleiat stress is very useful to know when to
take action to reduce heat stress in the dairy cow. Lactating dairy cows prefer ambient
temperatures not more than 25 °C. At an eignbient temperature above 26 °C, the cow
can not maintain body temperature within‘-{he comfort range and enters heat stress
(Kadzere et al., 2002). Body temperature h_z_)ré been used to assess thermal stress in
cattle (Fuquay, 1981). Body temperature of d__air%t;attle shows great susceptibility to
hot weather; therefore, it is a sensitive indiceTtﬁf‘ I)f thermal stress (Araki et al. 1984).
Although body temperaturé s an excellent it‘fdi?éaiérof an animal’s susceptibility to
heat load, this4ndicator is not practical when a large number of animals are monitored
due to the lackjoal praEtEaTdewce (Dévis et al. 2003, Maddef et al. 2006). There are
viable alternative methods to use body temperature to assess animal heat load such as
monitoring panting, respiration, or both (Gaughan et al. 2000, Mader et al. 2006).

The main factors.influencing heat str€ss'in the dairy cow are air temperature,
relativel humidity, air movement, and solar tadiation (Armstrong 1994, Silanikove,
2000). ;To estimate the degree of heat stress affecting dairy cattle and other animals,
these factors should be considered#Many heat stress indices have been developed and
used fo provade,a-weightediestimate of these factors. However, their use isylimited by
poor availability ‘of" data (Bohmanova ‘et ‘al." 2007). "In early "studies, black “globe-
humidity index which is a composite temperature used to estimate the effect of air
temperature, relative humidity, wind speed and solar radiation on animals, was used

(Silanikove, 2000). However, the majority of studies on heat stress in livestock have
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focused mainly on temperature and humidity (Igono et al. 1985, Ravagnolo and
Misztal, 2000; Ravagnolo et al., 2000; Bouraoui et al., 2002; St-Pierre et al., 2003;
West, 2003; Correa-Calderon et al., 2004; Garcia-Ispiero et al., 2007; Suadsong et al.,
2008; Kaewlamun et al., 2008). This is because temperature and humidity records can
be usually obtained from a meteorological station located nearby and data on solar
radiation received by animal and wind speed are net publicly available.

A Temperature=sHumidity Index (THI) is a single value representing the
combined effects of air temperature and humidity associated with the level of thermal
stress (Bohmanovoeet al., 2007). This index has been developed as a weather safety
index to monitor andffedueé heat-stress-related losses. THI is usually classified into
classes that indicate level of heat stress. Avmstrong (1994) identified an index below
71 as the comfortizoney values ranging ir.olm 72 to 79 as mild stress, 80 to 89 as
moderate stress and/values above 90 as severe stress. There are differences in
sensitivity due to ambient temperature an(i__the amount of moisture in the air among
species. Sanchez et al. (2009) reported tha‘-c-:..the.' onset of heat stress for milk yield
varies among individual ‘€ows, and-over ha_}f that variation has an additive genetic

origin. F 2=

1.2.1.6 Effect of heat stress on feéti'-'é'oﬁSumption, milk production and

econoinic loss

High ambient temperature affects cow dry matter intake (DMI). During hot
periods, DMI was reduced compared to cool periods (West et‘al., 2003). Spain et al.
(1998) reported that mid-lactation cows undér heat stress, temperature between 24 —
33 °C decreased feed intake by 6'to 16% when compared to thermal neutral conditions
of 20 °C..Ronchi et al. (2001) found that in heifers managed at 32 °C and 70% relative
humidity dry matter intake decreased by 23%. A study.in lactating dairy cows during
a ool peried| (average temperature 17.9 = 29.5 °Cand THI 63.8 — 76.6),and alhot
period (average temperature 22.5 = 34.4 °C and THI"72.1 —"8376) showed that"DMI
and milk yield declined linearly with respective increases in air temperature or THI
during the hot period (West et al., 2003). Holter et al. (1997) reported heat stress

decreased intake of cows more than heifers. In lactating dairy cows DMI begins to
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decline at mean daily environmental temperatures of 25 to 27 °C and the
environmental temperature at which feed consumption begins to decline is influenced
by diet composition, for example, the greater proportion of roughage in the diet, the
greater and the more rapid in the DMI as/environmental temperature rise (Beede and
Collier, 1986). There are many physiological'responses to high temperature activated
to maintain normal body core temperature. Redueing dry matter intake and therefore
heat generated during ruminal fermentation and body metabolism aid in maintaining
heat balance. Additionally,ancreased respiratory rates and water intake in heat
stressed cows leadeto concomitant reductions in DMI (Roman-Ponce et al., 1977,
Mallonée et al., 1985). Attebery andl Johnson (1969) measured the effect of
temperature on‘fumengmotility when.feed intake was maintained at a constant level
and determined if ghanges in rumen motiﬁ_t_yl are influenced directly by environmental
temperature rather than indiréctly by changes in feed consumption resulting from
differences in emvironmental temperatu];e. They found that rates of ruminal
contraction were reduced whenthe cows‘-—‘;v'ere.' exposed to high temperatures and
rumen activity was influenced direetly by hl_g‘h temperature rather than indirectly via
feed intake. Reduction in gut ;Jnotitity, along er[h }pcreased water intake leads to gut-
fill. Warren et al. (1974) showed that the rate;fpassage of ingesta in steer fed forage
diets during heat stress were-reduced 1ead1ng o gut-fill, probably depressing appetite.

A direct negative effect on the appetite center of the hypothalamus may exist (De
Rensis and Scaramu221 2003). L

As mentioned above, high ambient temperature reduces feed intake in dairy
cows. Reduced feed intake results in less essential nutrients and metabolizable energy
being consumed. The degline in nutrient intake has been identified as a major cause of
reduced milk synthesis (Faquay, 1981). The reduction in DMI can aceount for 30 —
50% ofithe decrease in milk production when cows are heat stressed (McDowell et al.,
1969; Rhoads et al., 2009). McDawell et al. (1976).studied the effect of g¢limate on
milk yield. dgono-et al. (1992) investigated'the effect of environmental temperature on
milk production of Holstein cows"in a desert climate ‘and found“that milk production
declined markedly with maximum THI greater than 76, minimum THI greater than
64, or mean THI greater than 72. In the literature, West (2003) showed that milk yield

and DMI exhibited significant declines when maximum THI reach 77. Estimated milk
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yield reduction was 0.32 kg per unit increase in THI (Ingraham, et al., 1974) and milk
yield and TDN intake declined by 1.8 and 1.4 kg for each 0.55 °C increase in rectal
temperature (West, 2003). Ravagnolo et al. (2000) estimated the effect of heat stress
on milk production using THI and reported thatmilk yield declined by 0.2 kg per unit
increase in THI when THI exceeded 72 and the authors suggested that THI can be
used to estimate the effect of heat stress on predugtion.

In dairy farming; heat stress is‘responsible for important economic losses. A
decrease in millkesproduction would decrease income from selling milk or milk
products. There is.m0 simple way to assess the economic impact of heat stress on a
whole farm basis. St=Pierse ct al. (2001ii) estimated the economic losses from heat
stress considering all glass/of livestock in the United States. Nationally, heat stress
results in an estimated total annurali econ:grrllic loss to the livestock industry that is
between $1.69 and $2:36 billion: . ],.

1.2.1.7 Effects of heat stress‘on mea-sure'd reproductive traits

il :"I-j'* A

The schematic descnptlon of the poss1ble {pechamsms for the effects of heat
stress on reproduction in lactatmg dairy COWS 4s showed in Fig. 2 and the pathways by
which heat stress affects fertlhty are shdwed—- in Fig. 3. Heat stress impairs

reproductive .performance in dairy cows (Wolfenson et al., 2000' Jordan, 2003).

Efforts have been made to investigate the impact of heat stress on teproductive losses.
Many studies have detected seasonal differences in conceplion rate in dairy cows
(Badinga et al., 1985, Cavestany et al., 1985, Thompson et al:; 1996, Al-Katanani et
al., 1999, De Rensis etral., 2002). In an early study, Ingraham et al. (1974) reported
that, im Holstein dairy cows/raised under a subtropical climate; conception rates for
cows serviced on days with an ‘average THI 66 was 67% as compared to 21% for
cows serviced on days averaging above 78. This study. was consistent withalngraham
et al. (1976),who-showed that eonception rates declined from 66% to 35%mas the THI
increased from 66 to 78 especially 2"days before ‘Al."Ravagnoloand Misztal (2002)
analyzed the reproductive data to determine the effect of heat stress on non-return rate
at 45 day (NR45) in Holsteins. NR45 showed a decrease of 0.005 per unit increase in
THI on the day of insemination for THI >68. Chebel et al. (2004) determined factors
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associated with CR in high producing lactating Holstein cows. In their study,
temperature >29 °C was considered to be heat stress. Exposure to heat stress from -50
to -20 days before Al was associated with reduced CR from 31.3 to 23% when
compared to cows not exposed to ikewise, Garcia-Isieto et al. (2007)
ident, from 35-33% to 21-27%, at
THI values higher than : - rom the study that climate
factors (temperatur me’;ured as THI) seem to be highly relevant for
conception rate, ? e perio: 1 day after Al. Morton

et al. (2007) repo ; e reduced when the cows were exposed

reported that the decrease i

conception rat i “due tosthe bina effects of environmental
heat over prolon i n on single ays @ the day of service. A
retrospective s ' _: ; eption rate in Holsteins
revealed that ther:
during the summer, inci + ith high T casures and conception rate was

highest during the

The reduction i on _'_' he stiessed cows subsequently results in
a higher DO than non-heat str ed-co (1992) reported that cows calving
in the sprmg and summer n % flqef’ g interval and required the

temperature (Oﬂi et al., 2 ertﬂ resulting from heat
stress always have longer DO periods. However, DO is affect

than heat stress sul-hnmanagement policés, herd size, production level, lactation
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2 1.8 Effects of heat streis on estrus behavmur
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stressed cows, the duration and intensity of estrus were reduced (Gangwar et al.,
1965; Gwazdauskas et al., 1981; Younas et al., 1993; Rodtian et al., 1996) and the

incidence of anestrus and silent ovulation were increased (Gwazdauskas et al., 1981).
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Wolfenson et al. (1988) reported that during the summer months in Israel, estrus
behavior lasted longer (16 h) for cooled than in non-cooled Holstein cows with low
BCS. The reduction in the number of mounts in hot weather compared to cool
weather was observed (Pennington et al.; 1985). The duration of estrus was shorter
under hot climatic conditions than under cool climatic conditions, thus requiring more
time spent observing estrus. High ambient tempcuature such as found in tropical areas
has a definite and a depressing effect on the expression-of estrus in cattle (Gangwar et
al., 1965; De Rensis and Scaramuzzi, 2003). The poor expression of estrus signs in
heat stressed cows.deads tospoor detection of estrus. Therefore, there is a reduction in
the number on inseminations and an incréase in the proportion of insemination that do

not result in pregnancy(Alnimer et al., 2002; De Rensis and Scaramuzzi, 2003).

=

=4

1.2.1.9 Effect,of heat stress on reproductive hormones
Y

Ovarian activity is mainly;regulated-"-tzy gonadotropin releasing hormone from
the hypothalamus and luteinizing, hormori‘é (LH) and follicle stimulating hormone
from the anterior pituitary gland: Heat stress!ggéa-’ detrimental effect on reproduction
partly by disrupting the nomial release of the@jli%r}nones (Dobson et al., 2003). Some
authors have studied the effeets of heat streséfz)'ﬁ'-tﬁe‘ secretion of these hormones. The

effect of heat-stress on LH concentrations in peripheral blood 4s-inconsistent among

studies. Gwaz_aauskas et al. (1981)7;;121:: Gautilier (1986‘): reported unchanged
concentrations, while Roman-Ponce et al. (1981) reported increased concentrations
and some authors reported decreased concentrations (Madan and Johnson, 1973; Wise
et al.,, 1988") in heatsstressed cows. These!discrepancies may be associated with
differences in sampling frequency, which varied from once a day to once every three
hours’ and depended on whether heat stress was acute or chronic. Regarding the
pattern of LH secretion in heat sttessed cows, Giladset al. (1993) foundgower LH
basal ‘concentrations 'and Tewer LH amplitude in heat stress cows ‘with dew plasma
oestradiol and Wise et al. (1988") found lower'LH pulse frequency in the heat stressed
cows compared to the cows under cooling. Conflicting results have been reported
regarding the preovulatory LH surge in heat stressed cows. Madan and Johnson

(1973) reported a reduction in the endogenous LH surge caused by heat stress in
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heifers and some authors reported that it was unchanged in cows (Gwazdauskas et al.,
1981; Rosenberg et al., 1982; Gauthier, 1986). The reasons for these discrepancies are
unclear. Gilad et al. (1993) have suggested that these differences are related to
preovulatory estradiol levels because heat stress had no effect on tonic LH secretion
or GnRH-induced LH release in cows with/high cencentrations of plasma estradiol
and heat stress depressed LH concentrations laweows with low concentrations of
plasma estradiol. De-Rensis-and Scaramuzzi (2003) eoneluded from the information
available in theliterature that A.H levels are decrecased by heat stress, that the
dominant follicle_develops'insa low LH environment and this results in reduced
estradiol secretion frem the'dominant foliicle leading to poor expression of estrus, and
hence, reduced fertility: ] s &

Gilad et al ((1993) reportedrlqwer égnlcentrations of ESH in acute and chronic
heat stressed cows which alse: had lower ‘concentrations of estradiol while no
alterations in coneentrations of FSH wefr_e observed in cows which had normal
concentrations of estradiol. Conversely, Roﬁchi*'et al. (2001) reported no differences
in frequency, amplitude of FSH pulses anell-_phseline concentrations of FSH between
cows exposed and unexposed tohigh amb1enf[ temperatures. However, Roth et al.
(2000) reported that plasma concentrations o’f:l;‘SH were higher in heat stressed cows
than in cooled cows. It has been suggested that an-increase in concentration of FSH in

heat stressed. cow is related to the concentration of inhibin (Rof[h et al., 2000; De

Rensis and Sea_(remuzzi, 2003). Increased c:(;rzlscentretions of FSH by heat stress may be
due to decreased plasma inhibin production by compromised follicles because inhibin
is an important*factor in the regulation of FSH secretion and there is a negative
relationship betweéensplasma FSH and ifmmunoreactive inhibin concentrations
(Findlay, 1993; Kaneko et'al., 1995, 1997). Further research related to the effect of
heat stress on secretion of FSH in dairy cows is required before a conclusion can be
reached.

The-effect of heat stress on estradiol eoncentrations in peripheral biood found
in the earlier studies'were inconsistent, for example, Roman-Ponee et al. (1981)found
unchanged, Rosenberg et al. (1982) found increased and Gwazdauskas et al. (1981)
found decreased estradiol. However, most recent studies have suggested that plasma

estradiol concentrations in heat stressed cows were decreased. In lactating dairy cows
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which were housed in a climate controlled chamber at the ambient temperature of
29°C and 60% relative humidity and dairy heifers which were housed at ambient
temperature of 33 °C and 60% relative humidity had a reduction in concentrations of
estradiol in plasma between days 11 and 21 of gstrus cycle associated with decreased
follicular size (Wilson et al., 1998 b). LikewiscyWolfenson et al. (1995) reported that
estradiol concentrations were lower in heat siressed cows during days 4 and 8 of the
first follicular wavesthan in non-heat stressed ecows: Additionally, a pronounced
reduction in coneentrations.of plasma estradiol in cows in late summer that had
experienced chronieexposure to heat stress was observed as compared to cows in
early summer that had experienced hea’i@_ stress for a shorter period (Badinga et al.,
1993). The longer pegiod of exposure to heat stress may scverely impair follicular
function resulting in a reduction inres?tradiél [l)roduction. The same authors also found

lower estradiol concentrations in.the folliculas fluid of dominant follicles on day 8 of
the estrus cycle i late’ summer comparé.ld, to early summer and Wolfenson et al.
(1997) reported that the estradiol concentra‘t—i-ons*in follicular fluid was low in autumn
and summer and high in winter, fn contras:ﬁ; Badinga et al. (1994) reported that, in a
field study, the concentration, of estradiol was _hi-&g}ipst in the hottest month compared

e |

to the cooler months in Floriaa. =

The studies of the effect of heaf stress on plasma progesterone concentrations

also report variable results. Wilson et al. ( 1998* b) found that heat stress had no effect

on plasma progésterone concentrations in laciztaitingr cows and déi:ry heifers when they
were exposed to heat stress in a climate controlled chamber during the second half of
the estrus cycle, but that luteolysis was delayed. In a study by Roth et al. (2000),
plasma progesterone cencentrations during the éstrus cycle in cows that were exposed
to heatistress or were cooled did not differ between groups and during the subsequent
cycle"and, plasma progesterone concentrations did not differ between previously heat
stressed or cooled cows. Wolfenson et al. (1988) and. Wise et al. (1988b) found in
earlier studics «that,'plasma ‘progesterone: concentrations  wetre decreased in heat
stressed ‘cows. Rosenberg et al: (1982) found that plasma progesterone ‘concentrations
measured during the estrus cycle before the first insemination was higher in the winter
than in the summer in multiparous, but not in primiparous cows. Jonsson et al. (1997)

have reported a similar result, they showed that plasma progesterone concentrations
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during the life of the second corpus luteum after calving were lower in the summer
than in the winter and that THI during the first 14 days after calving was negatively
correlated with progesterone production by the second corpus luteum after calving.
Younas et al. (1993) measured plasma progesterone concentrations in cooled and non-
cooled cows during summer and found that plasma progesterone concentrations were
lower in non-cooled cows compared to coolcdseows. Ronchi et al. (2001) also
reported that plasmaprogesterone concentrations were lower in Holstein heifers under
heat stress compared to thermeneutral Holstein heifers. In contrast, exposure of
heifers to heat stress'for 2:8uceessivie cycles has been repoited to result in increased
plasma progesteroncs€oncentrations on dity 2 to 19 of the first cycle and on day 2 to 8
of the second €ycle (Abilay et al.,. 1975) and Trout et al" (1998) found higher
progesterone concentrations in hea;c sj[resse:g éows until day 19 of estrus cycle. Wise et
al. (1988°) found thatjplasma progesterone in non-cooled cows tended to be higher on
day 3 to 5 of the estrus cycle when comégred with cooled cows. However, plasma
progesterone concentrations depend- on its-'-nate’.'of production by the CL, possible
adrenal release of progesterone, the degree :(';f haemodilution and haemoconcentration,
and metabolic clearance rate: It has been suggestefl that the latter is related to hepatic
blood flow and feed intake (Vasconcelos eﬁl;’ 2003) An acute increase in hepatic
blood flow occurs in following feed intake (Sangsn’tavong et al., 2002). Over 90% of
progesterong inthepatic portal blood is metabohzed during the ﬁrst pass through the

liver (Parr et _al. 1993). Furthermore, the followmg factors also contribute to the
plasma concentration of progesterone; the degree of hypertheérmia, the type of heat
exposure (acute vs. chronic), the age of the cows, their stage 0f lactation and the type
of diet (Wolfenson'et,al, 2000; De Rensis afid/Scaramuzzi, 2003). These differences
observed for the effect of “heat ‘stress) on the progesterone concentrations, probably
originate. from uncontrolled changes in other factors that affect plasma progesterone

concentrations.

1.2.1.10 Effects of heat stress on follicular developmentand oocyte quality

The effects of heat stress on follicular dynamics have been studied. Badinga et

al. (1993) found no detectable effects of acute heat stress on the overall pattern of
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growth of the first wave dominant and subordinate follicles between day 1 and 7 of
estrus cycle. They also found that, at day 8, first wave dominant follicles in shaded
cows were bigger and contained more fluid than first wave dominant follicles in non-

rkers (Wolfenson et al. 1995) have

shaded cows. However, Wolfe
shown that heat stress a of the first and second wave
ollicle decreased earlier in
heat stressed cows in lled*ws and the size of second wave dominant

follicle in heat ed earlier;.i rds, the second wave

dominant follicles. The

preovulatory folli at stressec . The number of large (= 10

mm) during wave i in 'eSSe This response may result
from depresse ore large follicles to
form (Wolfenso arge follicles in heat
stressed cows | he reports of Wilson
et al. (1998) an . ‘:" 7h : emergence of the second
follicular wave. The nd wave dominant follicle

was detected reflected i i cd f licy ave that lasted for an additional
2 days in heat stresse /5 compared to°e /S (Roth et al., 2000). In heat
stressed cow, the earlier e - ‘ ) 4 days, of preovulatory follicles
prolonged the duration of @ omMiiF ¢ be et e of estrus and ovulation were
not altered by-the thermal state (Wolfenson et al. 1995). This'may result in ovulation
of older follicle w

fertility since thmura on
et al. 1994).
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secretion, leadlng to reduce estra 10l secretion by the dominant follicle. The consequences

of reduced estradiol secretion from the dominant follicle are poor estrus detection,

compromised oocyte quality, and in extreme situations, ovulatory failure. The role of
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progesterone in summer infertility, if any, remains uncertain and controversial. (Adapted from

De Rensis and Scaramuzzi, 2003)

1.3 B-carotene and dairy cow

[-carotene is an poun4

known as carotenoi

mber of family of molecules

ade up of isoprene units.
[B-carotene is made ) exterior units are cyclic.
More than 600 carg lsethe ¢ plants and algae and are
involved in photosynthe 0gess 10 n01ds are found in many
oids. Carotenoids are

plants and anim \o
nth 1l and lycopene are
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Figure 4 Chemical structure of isoprene and all-trans-f3-carotene

caro " vitami dis: itami the specific

limitec% plants and microorganisms (During and Harrison, 2006). Thus, higher

an must obtain vitamin A from the dlet either erform V1ta r as a
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important carotenoid in ruminant diets (Noziere et al., 2006) and is also the main

circulating carotenoid, especially the all-trans isoform (Yang et al., 1992).
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1.3.1 B-carotene and reproduction in dairy cow

The corpus luteum (CL) is very rich in B-carotene which is responsible for its
colour. The bovine CL contains about two t0 five times as much -carotene as other
tissues (Haliloglu et al., 2002). The high concentratons of -carotene found in the CL
have led many researchers to postulate as tothc role of B-carotene in the luteal
function in cattle (Table 1). In.a revie’\‘zrv, Hemken and Brenel (1982) discussed the
series of German studies whichswere conducted in the late 1970’s which showed that
cows fed lowsearotencgdicts had loxiver conception rates, higher numbers of
inseminations per gonceptiony lower inte!nsities of estrus, higher incidences of cystic
ovary compared with.€ows fed high-carotene diets. Rakes et al. (1985) reported that a
supplement of f-€arotene 300 mg/cow/d -had positive effects on reproduction. They
also noted that cervix diameters for cows Is:';uppiemented with [3-carotene were smaller
at 21 days and 28 days postpartum and the number of days from parturition to first
observed estrus was lowered by - carotene A high incidence of retained fetal
membranes was reported to be associated V'rs:ml lower concentrations of plasma -
carotene in dairy cows (Inaba et al, 1986‘ 'Aléaar and Gazioglu, 2006). Graves-
Hoagland et al. (1988) suggested that, a / pesmve relationship exists between
postpartum luteal function and plasma concentratlons of B-carotgnc in cows. This was
in agreement -Wmmmoteue could increase
progesterone Lp‘roduction in cultured bovine luteal cells (Arikan :aﬁ(’i- Rodway, 2000).

Bovine follicular fluid contains high concentrations_of P-carotene and the
concentration in follicular fluid seems to.be proportional to corresponding
concenfrations in blood (Chew et al., 1984;:Schweigert and Zucker; 1988; Haliloglu et
al., 2002). It'was.proposed that the.oocyte itself is under-the retinoid iffluence within
their intrafollicular growth (Gomez.et al., 2006). Schweigert and Zucker (1988) found
higher"coneentrations of ¥itamin, Al in'the flofi=atretic follicles than in“atretie, follicles.
They suggested that|the the higheér coneentrations ofvitamin A _found in'non-atretic
follicles might be due to a transfer of vitamin A bound to its specific carrier protein,
the retinol-binding protein-pre-albumin complex, from blood in to follicular fluid. The

other possibility was that the higher concentrations might be caused by a carotene
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cleaving enzyme located in follicular structures. Such a local conversion of B-carotene
is found in different tissues including luteal cells. Sales et al. (2008) found the benefit
of P-carotene given along with tocopherol in improving embryo quality in
superovulated Holstein cows, but not in Holstein heifers.

However, many authors reported no effcet of B-carotene on reproduction.
Bindas et al. (1984").seported that a supplementation.of B-carotene 600 mg/cow/d
beginning on day 30 postpartum throug_ﬁr day 90 postpartum did not affect day to first
service or service per coneeption in Holstein cows. This finding was consistent with
Akordor et al. (1986) who found no effect of B-carotene on first service conception
rate, uterine invelutions on' milk yield. Bindas et al (1984b) reported that
supplementation of Bécarotene had no cffect on LH, progesterone, insulin, glucagon
or reproductive measutes. Likewise; W ang,"et al (1988%) investigated the long term B-
carotene supplementation on releasable I,;H in response to GnRH challenge. They
found that B-carotene had mo effect on basal concentra‘uons of LH, frequency and
amplitude of LH pulses or the release of LH n response to GnRH. They also noted
that B-carotene had no effect of progesteron’é concentratlon Furthermore, an adverse
effect of supplementation of 13 carotene in dlet on fErtlhty was reported (Folman et al.,

1987). e el

e

The differences in the ﬁnelings of earlier reports may bg explained in part by
the diversity'otf:ex—periwtﬂWn(ﬁti_on—s—u”s’edT‘STh= expetimental 'élifferences include
animal ages,ks‘tage of lactation at initiation of supplementatidn,;length of treatment
period, diet types and composition and concentration of [-carotene in basal diet
(Hurley and Doane;1989). Supplementation pvith -carotene after parturition failed to
demonstrate a beneficial effect of B-carotene-on reproduction in‘dairy eows (Bindas et
al., 1984"; Wang-et al., 1988°). Ithas ‘been accepted that plasma concentration of [3-
carotene decrease during the dry period in dairy cows.and reach a minimum level in
the first week postpartum (Rakes et al., 1985; Inaba‘et al); 1986; Michal €i.al., 1994).
Recently, Kawashima et al:' (2009%) showed, in a retrospective study, that'dairy=eows
that went on to ovulate in the first 30 days postpartum had higher plasma B-carotene
concentrations in the dry period than cows that did not go on to ovulate. Therefore,

pre-parturition supplementation may be more effective than post parturition in
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improving reproductive success. In experiments conducted using a supplement of 3-
carotene, the levels of supplement ranged from 300 to 600 mg/day (Bindas et al.,

1984*°, Wang et al., 1988*°, Akordor et al., 1986). The level of supplementation may

not have been optimal to enhance re ive performance. Furthermore, Noziére et
ates are usually higher when

carotenoids are supplemented as ¢ i en provided in forages.
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1.3.2 B-carotene as its role in immune response and as an antioxidant

Independent of its role as a provitamin A, B-carotene may affect immune
function. Carotenoids without vitamin A activity have been found to enhance immune
function through their ability to regulatcs membrane fluidity, gap junction
communication and as an antioxidant (Chew_and Park, 2004; Table 1). In vitro,
Daniel et al. (1991%) showed that B—ca"r‘gtene enhanced bovine blood and mammary
gland phagocytic cell kil ability. Supplementation of cows with 400 mg f-
carotene/cow/daysfrom G#week before drying-off through 2 week after drying-off
showed the beneficial cffaet to stimulateI&)olymorphonuclear phagocytic and bacterial
killing ability. Phagocytic jability mzﬁm;ained after drying-off in [-carotene
supplemented cows and tended to decrease after drying-off in cows fed vitamin A
only (Tjoelker et al, 1988; 1990). Dall'}jelj?et al. (1991°) also show that blood
lymphocytes isolated futom Holstein cows during the peripartum period and incubated
with 1x10° M B—carotene':haﬁ higher-': J‘I!yrrdl'-phocyte proliferation induced by
concanavalin A than did/an unsup!plementea é:iltpre; whereas, retinol had no effect on
lymphocyte proliferation. Likewise; Michal et *311""(1994) reported that lymphocyte
proliferation induced by mltogen stlmulatlon was enhanced in cows supplemented
with 300 or 660 mg B- carotene /cow/day before and after parturition.

The mechmmm_bmmw_carmwlale_uﬂmunlty are not fully
understood. The: most widely recognized mechanism for caretenoid action is its
antioxidant function (Chew, 1993)." A number of studies have showed that 3-carotene
and others caro‘eenoids have lipid-soluble antioxidant functien (Paiva and Russell,
1999)B-carotene, is one,of-a number of important free-radical scavengers. B-carotene
and others cafrotenoids jare especially effective at quenching singlet oxygen and can
preventiithe subsequent formation, of secondary reactive oxygen species (ROS)
(Serdillo and, Aitken,.2009)..Chawla and Kaur, (2004).reported the positive.correlation
between plasma‘3-carotene concentrations and antiexidant power measured by a
ferric reducing antioxidant power assay in cows supplemented with -carotene during
the dry period and they also suggested that there is a need to supplement with -

carotene during the dry period in order to improve their plasma antioxidant vitamin
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status and health after parturition. Embryo quality was improved in superovulated
cows supplemented with [-carotene (Sales et al., 2008). It is possible that
extracellular P-carotene in the follicular fluid and intracellular [-carotene
incorporated into follicular cells and/or oogytes protects them from ROS mediated
cytotoxity, thereby enhancing the developmental cempetent of oocytes (Ikeda et al.,
2005). Retinol does not have the ability to” quench single oxygen. Therefore, the

uniqueness of B-carotene in bovine fertiﬁrty may be relate to this ability.

1.3.3 B-carotenc.and neonatal calf 7
i
Calve are bora'prematirg and fufthr morphological and functional changes
are needed (Blum, 2006). Colosttum. eontains several components (nutrients,
minerals, vitamins of proyitamins (i.e. B-(Ii]-aaroténe), immunoglobulins (Ig), and cells)
that influence on growth and health'status in new born calves (Blum and Hammon,
2000, Zanker et al., 2001, Blumy 2006). Y:iﬁémih A and B-carotene have protective
effects against infectious diseasesiand enhéllﬁf;’e! immune system (Chew, 1987). Low
plasma concentrations' of wifamin A and B-caretene have been reported to be

associated with the high incidence of diarrhea and mortality during the first week after

birth (Lotthammer, 1979). I many species, Tiver Stores of vitamin A are very low at

birth. Kume.and Toharmat (2001) suggested, based on-the findings from their study,
that B-carotenec and vitamin A status at 6 days of age depend: mainly on colostrum
concentrations of 7B-carotene and vitamin A. Plasma concentrations of [-carotene have
been shown to decrease in dairy cows during the dry period (Michal et al., 1994). This
may be due to the transter of -carotene from blood to the colostrum or to the foetus.
It has been reported 'in am in vitro study that B-carotene énhances mitogen-
induced lymphocyte proliferation and enhances bovine blood and mammary gland
phagocytic cell killing ability (Bendich and Shapiro, 986, Chew, 1993). This implies
that B-caroténe ‘may increase the immunoglobulin content of colestrum. However, the
mechanisms by which B-carotene or carotenoids regulate immunity are not fully

understood. The importance of immunoglobulin G (IgG) levels in colostrum for calf
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health is well recognized (Kume and Toharmat, 2001). Calves are born with no

circulating IgG. The calf must absorb passively IgG from the colostrum.

1.4 Objectives
This thesis is comprised of 3 expe he objectives of each were;
Experiment I (Chapter S ffects of alving on days-open in

nces in temperature-
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an function, plasma
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Experiment II (Chapter IV) Dietary supplementatio n with B-caretene and

VL :,.1"51;‘ s and calf health
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6.6) increase the amount of B-carotene in colostrum and increase the
concentration of IgG in colostrum

6.7) modify metabolic hormone, enzyme and metabolite status in their

]
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CHAPTER 11

Effects of region and month of calving on days-open in dairy cows

in Thailand

2.1 Abstract

The objectives of.this study were to analyse the potential impact of heat stress
in different regions of Fhailand: to determine the monthly distribution of calvings
throughout the yecar and to investigate énvironmental sources of variation of days-
open (DO) in first lactagion/ daity cows. Data included 13,548 lactation records
between years 2004 tor2006. The -elimati¢ data were obtained from the provincial
meteorological stations and the témperatulrl]'p-hﬁmidity index was also calculated. The
difference between regions in THI 'was determined. The geographical regions in this
study were Central, Bast, Nortﬂeaét, and North "i’-he distributions of calving by month
were determined in lactations 10’5, The éﬁ%et_ of month of calving (MOC) on DO
was determined only in first lactation dairy cows. Fixed cffect in the model included
MOC, region, MOC x region. The lowest maTHI was observed in December (72)
and the highest mean THI :i:ﬁ-:Apr:il (80). THI dlﬁle‘réd significantly between regions
(P<0.0001), —arl'dr months (P<0.0000). _Significant_Interactions<between region and
month (P<0.0001) were found for THI. THI values were different among regions
(P<0.0001). In all regions, minimum THI values were observed in December and
January and thisiéffect was more pronounced in Northeast and North regions. The
highest frequency of calving for the first lactation was obseryved.in June (9.96%) and
the lowest in.February,(6.63%); The highest frequencies of calving for the second
(13.1%),| third (14.1%), and forth (14.66%) lactation cows were observed in
September and was 14.91 % for the fifth lactation“cows in October. The lowest
proportion of calving for second (5.02%) and forth (4.14%) lactation cows were in
February and in March for the third (4.35%) and fifth (4.85%) lactation cows. The
average DO in first lactation cows was 152 days. Significant effects of MOC
(P<0.0001), region (P<0.0001) were found on DO. February calving cows had
longest DO (219 + 11 days) while cows calving in October and November had a
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significantly shorter mean DO (133 £ 7 days). This study indicates that the high
proportion of cows calving in October and November corresponds to previous
breeding success in December and January which are the cool months of the year.

Cows which calved during hot months had prolonged DO by several months.

2.2 Introduction
v

In Thailand; the introduction of extensive dairy development took place in the
early 1960s. The typical Thai dairy farm is characterized as a smallholder farm with
less than 20 lactatingfdairy'cows (Hall eig al., 2004). Low fertility remains one of the
most important problems of Thai, dairys herds to achieve optimum efficiency and
economic performance (Aiumlamzﬁ,i2007:)_.l lHeat stress is a major contributing factor
to the low reproductive performance in lactating dairy cows worldwide (De Rensis
and Scaramuzzi, 2003).In Thailand, the témperature exceeds 30 °C for most months
of the year and most €ows are raised in coﬁyentional open-air barns where ambient
temperature and humidity follow' those ol;'s'-?fved outside. The main source of dairy
cows genetic material’ in’ ~Thailand s ¢emgqrate and subtropical countries
(Koonawootrittriron et al., 2009) where tilT;t‘emperature and humidity are quite
different from those found-in Thailand. The adverse effect of heat stress on

reproductive .efficiency in dairy cows has been well document_ed and potentially

includes impa_i(fed follicular development,::(ielay:e:d postpar%uzn}: ovulation, altered
intensity and estrus expression, reduced pregnancy ratc and higher embryonic loss
(Rodtian et al., 1996; De Rensis and Scaramuzzi, 2003; Kornmatitsuk et al., 2008).
The synthetic Temperature and Humidity Indéx’(THI), which is a function of ambient
temperature and relative humidity, s widely “used for measuring ‘heat stress in
lactating dairy cows. A THI value exceeding 72 indicates mild to extreme heat stress
condition for lactating dairy cows (Armstrong, 1994). In high-yielding dairy cows
raised in subfropical climate, the cows were said to be exposed to"heat siress when
temperatures were over 257or 26 °C (Berman et al., 1985). The"impact of season of
calving on subsequent reproduction has also been evaluated in many studies. Cows
calving in spring and summer had the longest calving to calving intervals, they

required more services per conception and presented a longer open period (Ray et al.,
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1992; Jordan et al., 2002). Days-open (DO) is one of the variables which is most
commonly used to measure fertility performance in dairy cattle. This is a complex
trait that is affected by many factors such as season of calving, management policies,
herd size, production level, lactation number and Al technique (Oseni et al., 2003).
DO has become accepted as one of the best single measures of reproductive efficiency
in dairy cows (Norman et al.; 2002). Due to lack.ef'information on the distribution of
calving and potentiai-heat stress on DO in dairy cows in Thailand, the present study
was designed 1) toranalyze regional differences in THI indexes, 2) to describe the
monthly distribution'of calving; and 3) to investigate the effect of month of calving in

relation with heat stress on.days-open in iirst lactating dairy cows.

J
v
=

2.3 Materials andimetheods

=4

Data werg obtained from  the iiureau of Biotechnology in Livestock
Production, Department of Livestock Dex;eflopfnent, Ministry of Agriculture and
Cooperatives. These data contained infa-r_giiation from 13,548 lactation records
collected over the years 2004 10,2006, Data were: 151;t1a11y edited to eliminate duplicate
records. Calving intervals (CI) were caﬁﬁted as the interval between two
consecutive calving. Days Open (DO) was compu’fed using the following equation;

DO = CI — 280, where 280 represent the gestatlon perlod DO was chosen to be used

in the analy31s in this study because we would like to place thls study in practical
dairy farming management and to explain the proper time to inseminate cows. Only
first lactation cows with CI between 320 and 700 days and age at first calving
between 720 and 1080y days were included in the final data set. This procedure
resulted in| 1,962, records “from' first’ lactation"cows ‘to be ayailable for analysis.
Regions .were classified as Central, East, North-East,North ‘and South (Fig. 5).
However, the South was not includéd in the analysis since the data was available only
m. 1 provinec: «The data‘ineluded in the analysis were obtained from 11,40, 6,7and 8
administrative provinces “in “the” Central, "East, Northeast"and North' regions
respectively.

Daily meteorological data were obtained over the years 2004 — 2006 from the

25 official provincial meteorological stations covering the 31 provinces included in
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the study. The temperature and humidity index (THI) was calculated based on the
month of calving as follows (Garcia-Ispierto et al., 2007);
THI = (0.8 x Mean Temp) + (RH/100) x (Mean Temp-14.4) + 46.4

Where; Mean Temp = mean temyg \“ ; RH = relative humidity (%)

: @
AN

. el
Figure 5 Map ﬂ hailand shows the classification of the regio
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Data were analyzed usmgﬁtaﬁs’ucal Analygis, Systems (SAS Institute Inc.,

RS TEE T

The fixed effect of region, MOC, and the interaction between region and MOC were

in this study

included in the model. The frequency of calving in each month was expressed as a
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percentage of the total calving throughout the year. Significant differences are

reported at P<0.05.

2.5 Results

The overall monthly means of max inimum temperature, relative

humidity and THI yearare shown in*Fig:6. Maximum temperatures

€80 °Clin D °c in April. Minimum
O

December and January) upto 24 °C
(April to September) Ange( ) \ emb 81% in September and
THI ranged from '

were observed to

temperatures werc.i

Mean mont oughout year (P<0.0001) and the

degree of monthly lifferent (P<0.0001). For all regions,
THI means were highg .000L)" between 1: \"- d September than in other
months. Also, Central a dstetnre resented very imilar THI values which
were especially higher .0001)* than e obs -i ed in Northeast and North

i0d I in the North region was
lower than the Northeast region (P ) 1 regions, minimum THI values were

was more pronounced in

U
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THI
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Figure 6 Monthly meéan for maximum and minimu erature, relative humidity

(RH) and temperze

THI

Figure 7 THI of thie Central, Eastern, Nortligastern, and Northern regions in pooled

~FiHd SR ERIN DN

The frequency of calving was the lowest from:December to February and then

A BRI IR

was observed. The effect of the month on the frequency of calving is less pronounced
in first lactation than for the other lactation ranks, the most striking differences in

relation to month being observed for ranks 4 and 5.
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—o—lact1 —m—Tact2 act 3 —<— Lact4 —%—Lact5

Calving %

Figure 8 The percentage ggs Ehr shout the a1 cows (lactation 1 to
5), data obtained over the years 20 'ﬁf 00

The average DO in r&l@g% co: - day
of the MOC (P<0.0001)/and regiQir C-?‘ 01) on the length of DO. There was no
interaction between wai{ ﬁTp'}L- 0.13

. There were also effects

The cows which calved in

February presented the 1.:9;5:9"'—'- days) and the cows which calved in

n- Fa"#..-f-"

October and November had-the shorte est DOI(1 7-days, Fig. 9). The mean DO

length decreased from February to October and November and increased in cows

:\-1"-‘{0‘ s of the Central,
Eastern, Northeﬁrn, and -, 17@7, 177 +7 and 138 +
ively. DO for the Central, Eastern and Northeastern regions were not

7 days respecti
statistically differefit nng groups but weré higher than the DO for the cows in the

il presents the distribution o] in '1rsl lactation cows in pooled data,

and for the “extreme” months, in téfms of DO mean results i.e. February vsi©Ogtober

qmﬁ;ﬂmmmmﬂ 8

relatively short DO is more marked and very few cows conceived after 190 days. On

calving fro tfr

the contrary, in cows that calved in February, a lower percentage of cows were

pregnant within a short DO period and percentage of cows with long DO remained
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high even for the longest delay registered. For each class interval of DO between 160

days and 360 days, this percentage is relatively high and close to 10%.

240 T
220 A
200 A
180
160
140 ~
120 ~
100 -

Days open (day)

Jan Febs Mar D ay

9 onith
Figure 9 Least square means o .ay f?;,. & ) first lactation cows by month of
calving calculated £ -t

Frequency (%)
[\)
S

N
9 7
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RO 3 )

Days open 1Idayi

¢ a
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Whereﬂ’ool = pooled data from every month of calving, Feb = days-open for a
February calving cow repr,esenting‘?:h_e month of calving with highest_ DO, "and Oct +

QR R -

q of calving with lowest D
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2.6 Discussion

The climatic data from four regions in the present study indicated that dairy
cows in Thailand are strongly exposed to heat stress throughout the year. Mean THI
from October to March fell within the range‘ofimild stress (72 to 78) and mean THI
from April to September fell in the range of sewere stress (>78 to 89; Armstrong,
1994). These datavalso~show that potential-heat-stress is depends on regional
variations, the cows being inCentral and Eastern regions being more exposed than
their counterparts_imsNorthern and Northeastern regions.

In the presentstudy'the average (iays-open (152"d) in first lactation cows was
shorter than the' DO of 183 days reporteci:by.Virakul et al. (2001). However the latter
DO was computed from all lactz;tign mlrlniaers and the lower value reported here
probably just illustrates and confirms the unfayourable effect of ageing or increasing
rank of lactation on dairy cow fertility (ffLumblot et al., unpublished data). In this
study the effect of MOC on the ;frequenc'y-_ﬁf calving was less pronounced in first
lactation than for other lactation ramks. Thﬁéjftlie effect of MOC on DO in this study
may be a slight underestimate by only includipg ﬁ.ﬁt lactation cows in the analysis. In
addition to this, in our study, the-data set were edited to include only cows with the
calving intervals between 320 and 700 days;’i’hus; the extreme problem cows which

had DO longer than 700 days were excluded from the study and this may have

contributed tpj_s;horten DO. The present study demonstrated tﬁ;a,t: MOC had a very
significant effect on DO in dairy cows in relation to tropic:al climate changes in
Thailand. These results are in agreement with those from a prévious report in United
States in which DO was, longer for spring calving cows and shorter for fall calving
cows (Oseni et al., 2003). This trtend was attributed to.depressed fertility during the
summes,, when spring calving cows are ready for rebreeding. High ambient
temperature during the summer ha§ been implicated an. the reduced fertility: observed
m, this seasen (Wolfensomiet ali, 2000). In the present 'study, DO wereslonger for
February calving cows'and shorter for October and November calving ‘cows. There is
a risk for cows calving in February to be rebred during the hot months. Considering
that the voluntary waiting period post partum before rebreeding is about 50 days, the

cows which calve in February need to be rebred in April, a time at which they are
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exposed to high temperature and THI. This is in agreement with numerous studies in
which a marked decrease in conception rate has been reported during the hot season
(De Rensis and Scaramuzzi, 2003; Garcia-Ispierto et al., 2007). These effects may
have contributed to increase days open in daizy cows calving in February whereas
cows calving in October and November reach the time for post-calving rebreeding in
cool months with low mean temperature and'THI(December or January). This was
also observed in otherstudies were dairy cows had-a-higher conception rates during
the cool season, required lessseivices per conception (Kornmatitsuk et al., 2008) and
subsequently had ashortec.open period.

An intentional delay.by thefapmer due t(;l poor conception in the summer period when
the late cool calving cews and eatly surr;_m@r calving cows are to be rebred is one of
the possible reasons forcows witk; Erolor;_geld DO. However, the data to support this
possibility was not ayailable in this study. We found that DO was different between
regions. The lowest DOfwas obseryed in tfa_e Northern region. This is logical in view
of the fact that the mean THI of the Northe'r-rifregion was lower than the other regions.
This indicated that the effects of heat stresg on cow reproduction in this region were
lower than the other reglons The concep’uor_l Sq,te was high when the cow was
inseminated the during cool perlod (De Renszs- and Scaramuzzi, 2003). The length of
DO found in this study (138 days);was 51m112if t‘d‘t—he‘length of DO (131 days) reported
previously for-the Northern region (Punyapornwithaya and "ljée_patimakorn, 2004).

The mean THI‘_bf the Central and Eastern region were similar tﬁf;qughout year but the
length of DO in the Eastern region was lower than the Cent;il regon, although not
statistically so. Even the mean THI was lower but the length 6f DO was higher in the
Northeastern comparedsto the Central and Eastern regions. There are several factors
implicated in the success of coneeption (De Rensis and Scaramuzzi, 2003, Chebal et
al., 2004). Extended DO 'in the Northeastern region may be attributed to the
insufficient feed supply especiallyiin dry season. Mest dairy farms in Thailand are
characterized jas smallholder farins and as'an integral part of crop-livestock farning
system (Hall"et al., 2004). Major problems”in livestock production” under such a
system include the insufficient feed supply for animal leading to poor nutritional

status. Such a condition may increase the unfavorable effect of heat stress on fertility
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(Butler, 2003, Humblot et al., 2010 unpublished) due to specific additional effects of
those 2 factors on oocyte quality and early embryonic survival (Leroy et al., 2008).
Considering the calving pattern from Fig. 8, it shows that the highest calving rate was
obtained around September or October.  These cows had to conceive around the
previous December or January. The conception gate was high in December and
January since they are cool months of the ycar resulting in most cows calving in the
subsequent September-and October. €alving rate inlactation number 2, 3 and 4
increased dramatieally fromaAugust and reached the highest rate in September.
Similar to the cows®in lagtation number 5 calving rate had increased dramatically
from September andareached the highestlrate in October. But, in first lactation cows,
the pattern of ealving was quite different. Calving rate in August to November was
slightly changed and was lowest thn corgl_pallre to other lactations.

The highest galviag rate.in the firstilactation cows occurred in June. The
calving pattern in first lactation cows ma;:_,partly be explained by the management.
Since a lot of cows reached their expected'-c'alving date around August to October,
they become a dry cows around'Junc. Glﬁbﬁl milk production therefore decreases
during this period. In @rder to maintain milk proﬁ,uctlon heifers are inseminated to
calve in June resulting in a h1gh calvmg rate ﬁﬁ;h’e pregnant heifers in this month. The

month of the first lactation was low compared to the older cows_ and the profile of

calving ﬂuctu_glfed slightly. This charaégé:riétic :indicated ilia:t: the heifers were
inseminated throughout the year and the conception rates in heifer were not much
different between months. However, the calving rate of the second lactation cows was
highest in Septemberreorresponding to theé® high conception rate in the previous
December or January. Therefore, it can be implied thatthere were some first lactation
cows that reached the time for rebreeding after January and had an'extended DO until
December or next January.

Considering the distribution of DO, in pooled data, the highest fregueney was
at 71-100 days post-calving. The rate*of'decline from*71-100 to*191 — 2710 'days was
steep and slow afterwards. Regarding the distribution of days-open in calving months
with the longest and shortest DO, the pattern was similar to the pattern of pooled data.

For February calving cows, the frequency of DO at around 40 to 130 days was lower
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than in October and November calving cows and the frequency in February calving
cows was greater at around 160 days than in October and November calving cows.
This pattern implied that farmers inseminate cows as usual to any observed estrus.

ws which should be rebred in April
&per conception. In Thailand,

that th wo n rate and success rate of
[ovember-to-January. Others found that the

cool ,{\-\ [0 to February compared
matt ""h.h‘. al., 2008).

R

in hich may account for

But, the conception rate in Fe

was low and required the

Pongpiachan et al. (200
artificial inseminati
first Al concepti

to the hot season

rtion of cows which calved in
September corre ; of ceding in the previous December or
. ached the time for rebreeding
in the hotter mo tha reached the time for
rebreeding in the co hs om the pres o\ he suggestion is that dairy
; ul ted from November to
February to calve fro .' Noven dditionally, utilization of proper
cooling systems to alleviate the—otfect-of tress should be concerned. These
be

strategies ma and improve dairy farming

profitability in-Thailand
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CHAPTER 111

Effect of heat stress on ovarian function, plasma metabolites

and embryonic loss in fizstdactation dairy cows

3.1 Abstract

The aims of this study were 1) to iﬂvestigate the effect of heat stress on the
resumption of ovarian activity and plasma non-esterified fatty acids (NEFA), insulin-
like growth factor=1 (IGF-1) and cortisolholncentrations in postpartum first lactation
dairy cows, and 2) to investigate the effect of heat stress on cmbryonic loss in first
lactation dairy cows. Sixty-gight pregnant il_eifers were included in the study starting
from -4 weeks before expected calving date:'-Blood samples were collected at -4 and -
2 weeks before expected €alving date, and tl_}én once a week up to 12 weeks or until
the first Al to determin€ plasma concentrations -qf_,IGF 1, NEFA and cortisol. After
calving, milk samples were cotfected twice a week until week 12 postpartum or until
the first AL. Concurrent with the blood samplmg ‘body.condition score (BCS) and
body weight -were estimated. When the first Al was performed after calving,
additional blood sampIe; were taken on the day of AL (D 0) D 12 and D 21 for
progesterone assay. In cows which did not return to estrus, blood sampling was
performed once during days 30 — 35 after Al for Pregnancy Specific Protein B (PSPB)
assay. Reproductive data, climate data andimilk production were recorded. First
lactation cows were classified ‘into ‘'3 groups according to the average monthly
temperature — humidity index (THI). Cows were considered as not exposed (NS) to
heat stress if THI <72, exposed to mild stress (MS) if<72 < THI <78 and severe stress
(88) if 78 = THI'< 89. Theunitial analysis'showed that the effect of month,of calying
(MOC) had'no effect on NS and MS, therefore the data was combined 'inthe analysis
of the effect of MOC on postpartum performance. Based on progesterone
measurements, a cow was considered to have normal ovarian cyclicity if ovulation

occurred within 45 day postpartum followed by regular ovarian cycle. The other cows
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were classified as having abnormal ovarian cyclicity. The proportion of normal
ovarian cyclicity in MS was higher than in SS group (P<0.01). The interval from
calving to first ovulation, interval from calving to first Al, days-open and first service
conception rate were not statistically different between MS and SS. BCS and body
weight were unaffected by THI classification gzoup. Plasma concentrations of NEFA,
IGF-1 and cortisol, were not different between gieups. Milk production was different
(P=0.03) between ‘MS+and SS. Neither the number mor the different types of
embryonic mortality were affected by heat stress. This study indicated that heat stress
had a negative effeet' on owarian activity. However, pregnancy success was affected
by factors other thansheat stress. This sti_ldy did not establish any detrimental effects
of heat stress on' embryonicsmortality. I’

3.2 Introduction L

It is likely that heat stress affects reproductive performance both by direct
actions on reproduction and by indirect actrt;r],s mediated through alterations in energy
balance. In the dairy cow, interactions between d.)ry matter intake, stage of lactation,
milk production, energy balance and heat strese resulted in reduced LH secretion and
a decreased dominant follicle-diartieter in the postpartum period (Jonsson et al., 1997,

Ronchi et al., 2001). Since one of the main causes of anoestrus in the dairy cow is a

long period of 1 negatlve energy balance, any worsenmg of energy balance during the
summer could further deerease fertility in dairy cows. |

In heat stressed dairy cows there is a reduction in dry matter intake (Ronchi et
al., 2001), which prolengs the period of negative energy balance. Negative energy
balancg alters the normal pattern of metabolites ‘and hormones leading'to decrease in
plasmasconcentrations of insulin, glucose, and insulin-like growth factor-1 (IGF-1),
and increased plasma concentrations of growth hormone (GH) and non-esterified fatty
acids (NEEA) (Lucyret al 541992 Humblot et al., 2008). All of these metabolites and
metabolic hormones' can affect ‘reproduction.” Metabolites and*metabolic hormones
acting on the hypothalamo-pituitary axis and the ovary probably mediate the
inhibitory effects of negative energy balance on post partum fertility (De Rensis and

Scaramuzzi, 2003).
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The late dry period coincides with the last phase of fetal growth, and the
nutrient requirements of the fetus increase during this period. In early lactation,
energy intake is usually lower than energy requirements for maintenance and milk
production, which results in negative energy balance and mobilization of body
reserves, particularly of body fat. Mobilization of bedy fat results in elevated plasma
concentrations of NEFA. It has been suggested that NEFA have a negative impact on
fertility (Canfield and-Butler, 1990, Jorritsma et-al;*2004). In periods when NEFA
concentrations are high it has been shown that they are megatively correlated with
blood progesterones€oncentrations and that there is a decrease in corpus luteum
weight (Spicer et aly 1990). There is aﬁso some evidence for NEFA uptake by the
ovary as well as'a strong correlation.between the concentration of NEFA in plasma
and the follicular fluid,;which coﬁlgi expilgiln possible harmful effects of NEFA on
either granulosa cells or ©ocytes (Jorritsina et al., 2003, Leroy et al., 2008). The
plasma concentrations of insulin, IGF-1, ar];q glucose are decreased in summer months
compared to winter months (De Rensis et-'-al.,*2002) probably because of low dry
matter intake and inCreased negative eneré‘%g’oalance Insulin is required for follicle
development and either beneficial (Beam and Bllljt]er 1997; Landau et al., 2000) or
unfavourable (Freret et al, 2006) effects h—b‘een reported on oocyte quality and
developmental ability fottowing: fertilization: ‘B@t‘h’ IGF-1 and glucose generally

stimulate follieular growth and 1mplantatlor1 and glucose is the primary fuel of the

ovary (Rablee_et al., 1997). Konigsson et al. (2008) have reported that significantly
higher IGF-1 levels were found in cows, in the first two weeks after calving, which
resumed postpartiim ovarian activity compared to cows which'did not resume activity.
This highlights thefimportant role of IGF-1 48 a sensitive signal between metabolism
and reproduction. Glucose availability has been shown to be also directly involved in
the modulation of LH secretion (Bucholtz et al., 1996). Severe hypoglycemia and a
reduction in food intake have be¢en shown to inhibit pulsatile LH secretion and
prevent ovudatien both in dairy and beef breeds (Grimardiet al.; 1995). Insaddition to
negative effects of NEB, several studies have indicated'that heat'stress has*detrimental
effects on embryonic development (Hansen, 2002, Sartori et al., 2002, Garcia-Ispierto
et al., 2006). Heat stress affects the process of follicle development resulting in poor

quality and decreased developmental competence of oocytes (Roth et al., 2000).
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Cartmill et al. (2001) observed that a higher embryonic mortality (EM) rates were
found in cows exposed to heat stress compared to those not exposed to heat stress.

In Thailand, where the temperature often exceeds 30 °C for several months of the
year, most dairy cows are raised in conventional open-air barns, where ambient
temperature and relative humidity follow thescsof the outside. Cows are affected by
high ambient temperature and relative humidity resulting in low reproductive
performance and milkproduction (Afumlamai,;2007).  Under thoses conditions,
additional knowledge related.to_the effect of heat stress on variables describing more
precisely reproductive performance and information in relation with metabolic

imbalance is needed. |

3.3 Materials andimetheods

3.3.1 Animals and management
/

The study was conducted‘during Jar‘rﬁary*2008 to April 2009 on a commercial
dairy herd with approximately" 250 lacfé_];ing dairy cows in Nakhonrachasima
province, Thailand. Pregnant crossbred heifers (I;If > 87.5%) that had an expected
calving date (n = 73) during (he period 1° January 2008 to 31% December 2008 were
included in the study. At the-end of experlment, five cows were culled from the herd
and therefore-were excluded from the study for the reasons<of severe leg injury,
systemic dlsease “emaciated or mastitis. Only healthy ammals with good body
condition and normal locomotion were included in the study. Artificial insemination
was performed When heifers reached at least 300 kg BW and*15 months of age. The
pregnant heifers weresgroup housed and thén.moved to the calving pen at about 2
weeksiibefore expected calving. date. Calves were . separated from their dams
immediately after calving. Colostrum was obtained manually and given to the calves
immediately after birth. The cows were then moved testhe lactating cow pemn:

The«cows were grouped according to milk production’level. Lactating cows
were kept “in" free-stall barns*(roofed structure with* open "sides, concrete-floored,
central feed passageway). Cows had free access to an earth exercise area. Roughage
and concentrate were given to the cows separately. The main roughage used was corn

stover silage. The concentrate was formulated and mixed at the farm. The
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composition of the concentrate consisted mainly of cassava pellet, soybean meal, rice
bran, oil palm meal, molasses, and mineral mix. The mean chemical compositions of

the concentrate were 18% CP, and 72% TDN. Throughout the experiment, the

proportions of the composition entrate were adjusted according to the
price but the nutritive valu n i e level.

Cows were m% day (4.30. 30 pm). Prior to milking, the
cows were sprayed with water for abd! 3 min and then they moved to stand under
electric fans whi , :mw min before entering
the milking parlo
sprayed with uring each feeding
re turned on until the

period, the electri

cows had finis

3.3.2 Reproductive
The voluntary days. Detection of oestrus
was performed twice a day, gi!i_ﬁ!;ng}a d evens for at least 30 min. In addition,

: . Lo A =3 .
during the remainder of“tﬁé"ﬂraﬁ{gnﬂ’eé hat showed oestrus behaviour were

reported to, the inseminators by the insemination was

distributed by the

Department of ﬂres_to gnosﬂ
veterinarian on cows which did not return to oestrus after i

days post-inseminzﬂoghy either palpation per rectum or using an ultrasonography
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Calving was expected to take place 280 days after the last insemination date

was performed by a

mination at about 30

resulting in pregnancy. Blood samples were taken at -4 and -2 weeks before the

expected calving date and then weekly until week 12 after calving. If a cow was
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inseminated before week 12, then blood sampling was discontinued. Blood samples
were collected into 9 mL EDTA coated tube (Vacutainer” EDTA). Blood samples

were immediately centrifuged at 2500g for 10 min and plasma sample were kept

blood samples were taken on day: a) , 21 and between 30 — 35 days

ples colle : leved to clot and serum was

collected and kept frozenuntil assay. "!

In ord were collected for

progesterone assa eek 12 after calving or
until the first tained during afternoon
milking. After th : e f d dri towels respectively,
milk was voided 4 to 5 ti : *_'_ 1 teat bef a composite sample into

a 20 mL plastic co i S i es wereke il required for assay.

"":-::"’:5‘.‘:; -J' &

Bod Adition scores of cows were monitored at 2 weeks before expected
calving date, a 7 lat2,4,6,38,10, |2 W 7 a‘aﬁ dition was scored
as described by..jrgu on et > with @ assessment of BCS,
body weight was“estimated using a weigh band (Giss Marketing, Thailand). When Al
was performed bei‘rﬁ weeks after calving,/monitoring of BCS and body weight

A RENTRERG -
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Whole-milk progesterone concentrations were measured by enzyme

immunoassay using a commercial kit according to the manufacture’s instructions

(Ovucheck® Milk kit, Biovet, France). The inter-assay coefficient was 12 % at
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1.69 ng/mL. Plasma concentrations of non-esterified fatty acids were measured by
NEFA C kit which is the enzymatic colorimetric test for the in vitro assay of free fatty
acids in serum or plasma (NEFA C, Wako Pure Chemical Industries Ltd., Osaka,
Japan). Plasma concentrations of IGF-1 were measured using ACTIVE IGF-I ELISA
kit (DSL-10-5600; Diagnestic Systems Laboratosies, Inc., Texas, USA). Plasma
concentrations of cortisol were measured using Ceat-A-Count Cortisol kit (Diagnostic
Product Corporationy-lios - Angeles, CA, USA). Plasma progesterone concentrations
were analyzed wsing a cemumercial, kit (Coat-A-Count progesterone®, DPC,
Diagnostic Products™ Co.,oT.os /Angeles, CA, USA). Inter-assay coefficients of
variation were 7.23% at 0.5 mmol/L, 2.311% at 113 ng/mL, 0.59% at 245.64 mmol/L
and 16.4% at"5 ngiml Hfor NEFA, IGE-1, cortisol and plasma progesterone
repectively. The cencentrations of pfegna:rl'cl}l specific protein were analyzed using a
commercial kit (BOVAINE PREG-TEST 29.?, Biovet Inc., St-Hyacinthe, Canada). The
kit is an indirect immun@enzymatic assay i];l_tended for the measurement of a placental
pregnancy protein in ¢attle serum. For Valida-ti'orrbf the test, the values of the negative
and positive quality control sample have tobff:E 15% of the nominal value and in this

study the measured values of the negative (0 ,:p.g/mL) and positive control (2,000

L

pg/mL) were 4.47 and 2,179:-pg/mL, respectively. -

d ol

3.3.7 Classification of ovarian activity

The criteria used to characterize ovarian activity were modified from Shrestha et al.
(2004, 2005) and Stevenson and Britt, (1979). Cows with milk progesterone
concentrations > 3 ng/mL at least two conseclitive samplings were considered to have
luteal activity. Ovulation was considered to have'taken place 5 days before the first
increase ;in progesterone concentrations >3 ng/mL. The resumption of ovarian
activity post partum was defined as an ovulation follewed by regular ovarian cycles
(approximatelyy 2 weeks of luteal activity and'1 week of follicular activaty), before
breeding. Cows were classified into ‘1 of 5 groups based on characteristics of“their
progesterone profiles.

(1) Normal resumption of ovarian cyclicity: ovulation occurred < 45 days after

calving, followed by regular ovarian cycles
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(2) Delayed first ovulation or anovulation: first ovulation did not occur until > 45
days after calving

(3) Persistent luteal phase: ovulation occurred <45 days after calving, but one or

3.3.8 Milk yie

Daily ordeg e a week du ing the study. Daily milk
production was t on milking on the same

day.
3.3.9 Climate data an

Temperature and ating cowshed were recorded
using a digital-tem
Temperatur

al. (2007) as folloy

1
THI =E/8 x Mean Temp) + (RH/ 100) (Mean Terg 14.4) + 46.4

fmﬁ%ewwwmmm
0 mmﬁﬁmﬁ&@rwﬂﬂ 4

. Al at the wrong time (during luteal phase): P4>1.5 ng/mL on day 0
2. Non-fertilization/Early embryonic mortality (NF/EEM): P4 < 1.5 ng/mL

FQ ghout the study.

: nLH Garcia-Ispierto et

on day 0 and day 21, return to oestrus at regular intervals
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3. Late embryonic mortality (LEM without PSPB)/prolonged luteal phase: P4
< 1.5 ng/mL on day 0 and > 1.5 ng/mL on day 21, PSPB non-detectable,

non pregnant

4. Late embryonic mortali
1.5 ng/mL on /
pregnant E

ith PSPB)/prolonged luteal phase: P4 <
y day 21, PSPB detectable, non-
../_-—'

ng/mL on day 21, PSPB

determine the lving on ovarian activity
and plasma meta hs were classified into
three groups based o ing to the degree of heat stress
described by Arms g in a my th when the average THI was
<72 were classified as ing onth when the average THI
was between 72 to 78 were c}@‘i 5 ' : (MS) and cows calving in a month
when the average THI w%é;ﬁféic‘i assified J Severe stress SS). The month that
was classified-as the NS was December. £‘1 1ssified as the MS

were Janua re classified as the

SS were April, ﬁ , ctm
{
was performed and the results showed that there were not di

MS in all variablesfT herefore, it was decidedité combine the NS data with MS in the

~AUEINENINEING

The data obtained from thei€ows in MS and SS,months were compated. There

A WARS TR AT TR

activity (classified as abnormal ovarian activity) in the analysis. The statistical

r. The initial analysis

rent between NS and

analysis was performed using SAS® software (Version 9.1; SAS Institute, Cary, NC,

USA). The proportion of normal and abnormal ovarian activities and first service
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conception rates were compared between groups using Chi-square test. The interval
from calving to first Al and days-open were analyzed using the GLM procedure. The
repeated measured of BCS, body weight, IGF-1, NEFA and cortisol were analyzed
using the Mixed procedure.

Samples were collected from 53 cows after ealving to investigate the effect of
heat stress on EM. No cow was inseminated.at the wrong time and the other
reproductive categories-(Repeat) werc classified-aceording to Humblot (2001) into
four groups as thefollowing;1 = NF/EEM, 2 = LEM without PSPB, 3 = LEM with
PSPB, and 4 = pregnant. Reproductive Istatus (Rep Stat) after the first insemination
was classified as pregnant and non-pregn'}mt cows. The reproductive status was binary
outcome (1 = pregnangand.0 = nor_l_-preéi_laut). Serum concentrations of progesterone
at day 12 and 21,.and serum conc-elltrati(ilisl of PSPB measured in one sample taken
between days 30 to 35 were analyzed by ANOVA (ANOVA Proc) to determine the
difference in congentrations between reproductive categories. The intervals from
calving to the first Al (ICAL) were calculérted"and were then classified into three
categories; 1) [CAI= 50 days 2) ICAL 50 -i:-}() days, and 3) ICAI > 70 days. Mean +
standard error of the mean (SEM) for progestg:r_onlpl, concentrations at different stages,
PSPB concentrations and ICAT were calculitﬁ;‘ Plasma progesterone concentrations
at day 12 post-Al were cmﬁpafed:w1th1n gro'dﬁs"GNS,‘ MS, and SS) between pregnant
and non-pregnant to first Al post-calving using GLM procedure _(';f SAS.

Reproductive ,c}cegories (Rep Cat) and reproductive status (ReﬁiS_tat) were compared
between cows calving in cool and hot seasons. The average m(;'nthly THI was used to
classified the cows into three groups in order to determine the degree of heat stress of
the month of insemination (MAI) on reproduétive categories and pregnant status after
the first calving. The cows were classified into three groups according’'to Armstrong,
(1994).as followings; 1) No stress (NS); cows were inseminated in the month when
THI was lower than 72, 2) Mild stress (MS); cowsswere inseminated in jthe month
when THI 72 te, 78, and 3)"Scvere stress (SS); cows'were inseminated when THI >78
to 89. Categorical variables’ (MOC; MAI, ICAl, Rep Cat, and Rep Stat) were analyzed
by Chi-square test (SAS FREQ procedure).
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3.5 Results

in the MS and 55 cows \\\:‘ group Eei of ovarian activity of each
individual cow are shown in Table 3. ( al ovarian activity in MS
an in ine Wmt ovulation was 31.8

+ 5.66 d in MS and S (P=0 tervals from calving to first
Al were 127 9 2 "s 0.11) in MS and SS
0.0% in MS and SS,

respectively. First I8 \&
respectively a ent " peri were 145.5 + 38.30 d

for group MS a re not statistically different

(P=0.5). :

Plasma ically different between groups (P>0.05; Fig.
11). However, they ime post i‘l n (P<0.0001), with the highest
concentrations obs | in b groups. The concentrations

tended to decrease a \% : hrough u study. There was no interaction
between group and time on t v plasma concentrations of NEFA.

Plasma_concer 1§ of 1GF-1 (Fig/12 ot different between groups
(P>0.05). The plasma ns of IGE-1 were affected by time (P<0.0001) but

there was no w . » J

Plasma centra ONS yere not ﬁerent between groups

(P>0.05). The concentratlons of cortisol initially decreased and then increased during

the stu (P<0 01). #An interaction betwéen’ roup and time was not detected
o LS TR B
ecrea unt11 week 2 post calvmg Cortisol remained relatlvely stable from week 2

to the end of study.

’QW']&Nﬂ‘iELJ UAIINYIA
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Table 2 Monthly temperature, relative humidity (RH) and Temperature — Humidity
Index (THI) during the study. LSmean + SEM.

Month/Year Mean temp(°C) RH (%) Mean THI
Jan 2008 24.45+0.2 L6 5+1.01 72.65+0.39

Feb 2008 24.47 .0 72.42 +0.40

Mar 2008 77.41 £ 0.39
Apr 2008 79,82+ 0.40
May 2008 7925 +0.39
Jun 2008 79.82 + 0.40
Jul 2008 79.16 = 0.39
Aug 2008 79.04 £ 0.39
Sep 2008 78.38  0.40
Oct 2008 78.48 + 0.39
Nov 2008 74.10 = 0.40
Dec 2008 70.22 + 039
Jan 2009 69.08 = 0.41
Feb 2009 27. 76.61 + 0.43
Mar 2009 27.92+0 e 0 + 0.98 78.30 £ 0.41
Apr2009 - 2008080 < 9 80.13+0.42
Neit E‘—: it Iy d by the period of

e

calving (P>0.0ﬂHo uriﬁthe study (P<0.001),
decreasing around calving and slightly i;creasing from week 3 throughout the rest of
the study. ¢ oy L

ﬁhiﬂvﬁ d{tare%i l%ﬁtiw iﬂ6ﬂe eﬁnce per week
betwe an (P=0.03) and milk production was influenced by time postpartum

(P<0.0001). There was no interaction between the period of calving (MS 6r.SS) and

A AR ANTINEAE
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Table 3 The distribution of calving incidence and types of ovarian activities by month

of calving in first lactation dairy cows in year 2008.

Month Calving (n) Normal' Delayed” PCL’ Cessation”

Mild stress
Jan 2008
Feb 2008
Mar 2008
Nov 2008
Dec 2008
Sub-total

Severe stress
Apr 2008
May 2008
Jun 2008
Jul 2008
Aug 2008
Sep 2008
Oct 2008
Sub-total _
Total io-4 68 3¢ 28 I A3, 1

- -

"Normal res l'ﬁ’r_ S N days after calving,
followed by reg Ii I ovarian ) T

iv
Delayed first 0 latlon or anovulation: first ovulation did not occur until > 45 days

after calvmg

R RTHHAR G
ovarlalmyc es had luteal activity for > 20 days.

*Cessation of cyclicity: ovulation becurred <45 days-after calving, but thére'was an

q HIRIHIRRATIRY TR
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—e— Mild stress —s— Severe stress

efore to 12 weeks after calving

in first lactatio cows that calved eithe ] nild 72-78, n=13) or

severe (THI >78-89;n=55) st sﬁ i0

Figure 15 Body cond

20
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FIUE Y BRNE NG
~ Figure 16 Weekly measures of »mi‘ production in firstilactation dairy cows'that
q period o thé year. The difference between ES and ES, =(.03, <Oj|1, <0.

In the 54 cows studied in the present study, there were 28.6% NF/EEL, 7.4% LEM
without PSPB, 12.9% LEM with PSPB and 50% pregnant (Table 4). The
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concentrations of progesterone at different stages and PSPB of each type of
reproductive category are shown in Fig. 17. There was no difference in plasma

concentrations of progesterone at day 12 among the groups. On day 21 after

between the first ar

groups. f‘ ,

i

B
! - 5000
ﬁ -+ 4000 3
en
=
b + 3000 5
g ® R
5 i " + 2000 @
5 |: |:|:| E
g T i -+ 1000
~ Hh nh!
LI } [ 0
PS Pregnant
ory
Figure 17 iy 21 after the first
inseminatio each reproductive

category after tiﬂlrs‘[ 1 co‘ﬁLSmean + SEM.
NE/EEM = Non-fertilization/Early Embryonic Mortality (n =15); LEM no PSPB =
Late Embryonic Mm and no-detectable/PSPB in blood (n = 4); LEM + PSPB =

B R WA T

were p@nan to first service (n

ARIAN TN NI INGINY
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90
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<
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Q
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Figure 18 The i a > fi [___ inati e insemination in first
* -
lactation dairy cowsithat fail tﬁ m r t st insemination.
LSmean + SE F/ Non- 1 ic Mortality (n = 15);
LEM no PSPB = La (ﬁ%&iﬁtﬁ not- e PSPB in blood (n = 4);
LEM + PSPB = Late E onic M rtali tectable PSPB in blood (n = 7);
ry E}:ﬂ: - -
The degree of heat stress;__mj ?_F,EI-' g,s‘?xgg th of calving did not affect the
types of rep cti 4%) cows inseminated
in the months With-no-siress;+5-(27:8% inat months with mild
stress and 2 - severe stress. Neither
reproductive cﬁories (P=0. status @0.3 8) after the first

insemination were I'?ffected by the degree of stress in the month of insemination

e v

Qhere were no relatlonshlp between ICIA categories and Rep Cat (P=0.31)

Y MR REIoE Y Mok CAEbiE

3.6 Discussion

One of the most important factors affecting dairy cow production and

reproductive efficiency in Thailand is the climate. The genetic make-up of dairy cows
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in Thailand originates from temperate and subtropical areas such as European
countries, for instance, the Netherlands where temperature and humidity are lower

than in Thailand.

COWS
MAI e categories
LEM no Preg’
PSPB*
No stress
Dec 2008 1 6
Jan 2009 - 1
Sub-total 1 7
Mild stress - 72578 |
Nov 2008 A1 . £ - 5
Feb 2009 76.¢ A ' 2 3
Sub-total 2 8
Severe stress 78 -89 f.ar _::
May 2008 - 2
Jun 2008 P i 4
w200 L 1
Aug 2008 79.04 | - 3
Sep 2008 7 8.38 1 1
1
ﬁuaﬁ‘ww wmm :
Tota 27
Overall % 100 286 n. 13 7.4 l.ﬂ" 50

’LEM + PSPB = Late Embryonic Mortality and detectable PSPB in blood (n=7);
*LEM no PSPB = Late Embryonic Mortality and not-detectable PSPB in blood (n=4);

*Preg = cows that became pregnant to first service (n=27)
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Table 5 Plasma progesterone concentrations at d 12 post insemination compared
within groups (NS, MS, and SS) between pregnant and non-pregnant to first service

after calving in dairy cows. LSmeans + SEM

P value

Al month

NS’

Pregnant 0.54

Non-pregnant
MSs’
Pregnant 0.53
Non-pregnant
ss*
Pregnant 0.26

Non-pregna

S
.

. o '

! Plasma progesterong cong at d“12

5 . A L IEalis &
Non stress; Al in month with "Qfér#@i .

3 . . . N TLIT 2
Mild stress; Al in mo wﬂ%‘ﬂﬂ S

*Severe stress; Al in month w !.‘::— -
S d WA I
""ﬁ"’{", of g S
Generally, the'seasons in Thailand can be classified as; winter (cool and dry), summer

(hot and dry).and [ R es 'h# e been conducted

ﬂ etfects Ot inmiry cows under the
environmental conditions present in Thailand (Rodtian et al.; 1996, Pongpiachan et
al., 2003a, b, Kornf‘a@k et al., 2008, Korfimatitsuk et al., 2009). The classification
systeﬁr%oﬂar%%y%}wﬂsﬁew a.ﬁﬁlassiﬁed cool
and (wseasons om November to February and June to August, respectively.

Kornmatitsuk et al. (2008) clasified cool and hot, seasons from Nowember to

RSN MARAR eI R

to September). In the present study, the seasons, or more specifically; the effect of

to investigate

heat stress, were classified by the level of heat stress that could affect dairy cows. The

impact of heat stress on cows was classified by using the THI index which takes into
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account both the effect of temperature and humidity. The mean monthly THI of the
month of calving during the study was classified into three levels of heat stress, no,
mild and severe. Cows in this study were likely affected by heat stress throughout the
year.

The intervals from calving to first ovulation were not affected by climate in
the present experiment. This finding was similar'to the results of Suadsong et al.
(2008) who found that-the use of an evaporative cooling system to cool cows did not
reduce the intervaldfrom calving to the onset of ovarian aectivity compared to un-
cooled cows. This study shewed that cows calving during the mild stress period had a
higher proportion offnormal ovarian acitivity than cows calving during the severe
stress condition. This finding 18 1n agreement with a previous report (Kornmatitsuk et
al., 2008). However, the other reﬁrqducti:\zel parameters (calving to first Al interval,
first service conception rate, and days open) were not different between cows calving
in mild or severeistress conditions, The fmechanisms by which heat stress affects
ovarian activity are not clear. It has becn s‘ﬁggesied that the effects of heat stress on
ovarian activity may be through an alteratic;'_;l Lin the balance of reproductive hormones
leading to compromised follictfogenesis an(?f: gv;lygtion (De Rensis and Scaramuzzi,

2003). Lopez-Gatius et al. (2605) reported that ovulation failure was 3.9 times higher

L

in cows inseminated during=a.-warm period

Suadsong et al%(2008) found that the ovulation rates and the interyal from calving to

the onset of ,o_\(/'arian activity were not di:t:férént l;etween coc;légl cows (evaporative
cooling) or un-cooled cows. The ultimate goal of reproductive management is to
obtain a pregnant cow as soon as possible after the voluntary waiting period. It has
been reported that theresare several factors ifaplicated in the failure of conception in
dairy' ¢ows (Chebel et all, 2004).In the currént study the data indicatcithat ovulation
in both,groups occurred at about one month postpartum but the first inseminations
were performed about three months postpartum. Even.if average monthlysTHI were
lower in theynild stress periods it was still*higher than the;mean critical value of THI
72 (Igono ‘et 'al., "1992). Thus dairy Cows were exposed to"heat stress ‘during“both
periods. The long delay between mean first ovulation and date of first Al may be due
to the fact that in heat stressed cows the development of follicles has been shown to

be affected resulting in lower oestradiol production. The intensity of oestrus signs was
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decreased and the percentage of cows which were not observed in oestrus was higher
in the hot season compared to cool season (Rodtain et al., 1996).

After calving, cows usually suffer from a period of negative energy balance
(NEB) when energy required s higher than that consumed. NEB extends for
approximately 10 to 12 weeks post partum (Bugler,.2003) and NEB during the first 3
to 4 weeks is highly correlated with the timeof first ovulation in dairy cows (Butler
and Smith 1989). Under field conditions, the evaluation-of the instantaneous energy
status of individual'dairy cows.is not practical. BCS is a useful tool to asses the
nutritional status ofithe cow which is related to long-term energy status. In this study
the dramatic decrease'in body weight ana BCS occurred immediately postpartum and
then body weight and BECS jwere gra&ua,lly increased throughout the study but
remained lower compared to the b:0(1y WeLijl;t and BCS before calving. A decrease in
dry matter intake hagibeen observed in peripartum cows especially under heat stress
(Suadsong et al., 2008). Kommatitsuk ¢t ;1_, (2008) found that BCS was affected by
the heat stress condition and tesulted in “reduced reproductive performance in
postpartum dairy cows in central Thailand. :"iy'hen a cow is in NEB, body reserves are
mobilized to provide adequate energy  for mam:r]epance and production. The main
body reserve which is moblhzed islipid and e#entually muscle tissue. Mobilization of
the lipid results in an inerease- circtilating NEE'A -

When eonsidering both the BCS and plasma concentra[t-io_rls of NEFA in the

present study, fhe nutritional management used in the farm appéér,ed to be good. Both
profiles followed the normal physiological picture and were 1n the acceptable range.
The pregnant héifers were managed to have an adequate body condition score of 3 at
calving (Mulligan ét al»2006). It has been r€ported that the normal range in plasma
concentrations of NEFA "is 0.2. to"0.5 mimol/lL' (Robert et "al., 1981) and the
concentrations of NEFA in the present study were in this range. The decrease in dry
matter intake during the early postpartum period was.associated with a decrease in
plasma metabolichormones sueh as IGF-1"which 1s generally, involved ifsstimulating
follicular growth“and ‘implantation (De' Rensis and “Scaramuzzi, 2003). However,
plasma concentrations of IGF-1 in this study were not different between heat stress
groups. This is logical in view of the fact that the nutritional status of the cows based

on the BCS and NEFA were not different between groups.
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Cortisol is an important hormone released from the adrenal glands. Cortisol is
involved in several processes such as the response to stress and the control of glucose
metabolism. Plasma concentrations of cortisol increase during milking and feeding
(Gorewit et al., 1992; Wagner and Oxenteider, 1972). When an animal is fasting or
plasma glucose concentrations are low, cortiso! causes an increase in circulating
glucose by increasing the rate of gluconeogenesis(€arbonaro et al., 1992, Samuelsson
et al., 1996, Ward etaly; 1992, Baidoo et al., 1992). Several studies have reported that
heat stress has a negative effect on milk production through a decrease in diet intake
(Faquay, 1981, McRowelLet als; 1969; Rhoads et al., 2009).

In the presen@study there were stifgtistically different in BCS and body weight
between MS and SS#and' these parametﬁrs were better in MS after 6 weeks
postpartum. Also, good body COl’ldlthﬂ Was associated with higher milk production in
MS than in SS cowss The'ingrease in milk production led to an increase in cortisol
concentrations in MS compared to SS as sf-l_pwed in Fig. 13 showing that due to their
production and possible higher mctabolism‘,-—‘MS*Cows suffered at least as much as SS
cows from high external @@mperatures. ¥/

It is generally accepted among researcher-sl, yeterinarians, bovine practitioners,
and dairy farm producers that heat=stress affe_ct;’ _bcth production and reproduction in
dairy cows raised under Thai-climatic condlﬁons ~However, except for the proportion

of cows with nermal resumption of ovarian act1V1ty, the other reproductlve parameters

were not statls‘ucally different between cows calvmg during m11d stress and severe
stress conditions. When considering the nutritional parameters measured in this study,
the nutritional status of dairy cows was managed correctly. This study was conducted
in a commercial dairysfarm where intensive fhahagement was employed. Corn stover
silagesand ‘concentrate were fed fo the ‘cows thronghout the year. Good quality feed
together with the feeding system and cooling methods used in the farm may have
enhanced cow feed intake and therefore ensured that each cow had amyadequate
nutritional ievel. ‘It has been teported that the combination of soaking Ow, sprinkling
with water and forced ventilation has the potential to reduce body temperature orheat
stress in dairy cows (Flamenbaum et al., 1986) leading to an increase in the amount of
feed consummed (Suadsong et al., 2008). Tillard et al. (2008) investigated post-

calving factors affecting fertility in Holstein dairy cows in tropical and sub-tropical
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conditions and found that the nutritional imbalance strongly affected fertility.
Pongpiachan et al. (2003%) reported that the utilization of forced ventilation by electric
fans and water splinklers were effective enough to alleviate the effect of heat stress on
reproduction in Friesian cows. The effects of heat stress on reproduction in our dairy
cows were probably reduced due to the utilization of a cooling system (as described
previously) and the intake of an adequate amountef dict of adequate nutritional value.
Thus, the expected difference in reproductive performanee was not observed in this
study.

Both undegemperate and tropical conditions, it has been reported that early
embryonic loss is the'major problem coriltributing to pregnancy failure in dairy cows.
There are several factors that are 1mphcated in embryonic loss (Santos et al., 2004). It
has been proposed thagheat stress is the factor that has the greatest impact on
pregnancy rate in daify cows (Sartori et al.,:2002). To our knowledge, only a few
studies aiming to investigate the effect offheat stress on embryonic loss in Thailand
exist. Suadsong et al. (2001) investigated the:..'effe'cts of heat stress on embryonic loss
by using the combination of plasma progeefe}bne concentrations measured on day 22
post-Al and ultrasonography performed on day+ % 34 and 42 post-Al. They found
that the highest conception rate 54.5%) and’t‘% lowest embryonic loss (18.2%) were
observed at 42 days post=Al-n Décember. The” ranges of embryomc mortality at 22

days post-Al in' cows inseminated between March and September were 65 to 80%.

They also found that a high incidence ofz embryo mortahty occurred before 27 days
post Al (50-100%).

The effects of heat stress during the month of insemination on embryonic loss
were determined in‘thigsstudy. Unlike Suadsong et al. (2001), the present study found
that the degree of heat stress in the month of calving ‘and the month of insemination
had noseffect on the different types of embryonic mortality and on the success of
pregnancy to first Al. A study conducted under theseclimate conditions observed in
Saudi Arabia showed' that'the embryo viability was markedly decreased fsom 59% at
day"7 to 27% at day 14 after”Al"in the hot season and that on“the contrary stch a
decrease in embryo viability was not observed during the cool season (Ryan et al.,
1993). Regardless of the effects of heat stress on embryonic mortality, the frequencies

of NF/EEM fell within the range of previous studies (20.5 to 43.6%, Humblot, 2001).
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The incidences of LEM (with and without PSPB) in this study (20.8%) were
slightly higher than the range reported in previous studies performed mainly under
temperate conditions (8 to 17.5%, Humblot, 2001). But the incidences of LEM in this
study were lower than the incidences of embryenic/foetal loss (25.2%) observed in a
low fertility farm managed under temperaté eonditions (Grimard et al., 2006). In
many other studies undertaken in dairy cattle, fecilization rate has been reported to be
high ranging from 55+t0-100% with most values-overorelose to 90% (Sartori et al.,
2002). Most of embryonic.moitality occurs during early embryonic development
before the embryog.seachs the blastocyst stage (Humblot, 2001, Silke et al., 2002). The
combination of progesterone and pregn.;}tncy specific protein measurements used in
this study did*mnot allow jus to _differé}nti,ate between non-fertilization and early
embryonic mortality. To evaluate :th;e fera;llilzation rate, previous studies mostly used
the techniques of utegine flushing to recover the embryo or ova (Breuel et al., 1993,
Ahmad et al., 1995 Sartori et al.,,2002).‘:1"his technique 1s not practical in a field
study. Measurement of specific substance‘s:prroduced by fertilized oocytes released
into the blood circulation could bt a good:"é_l}'gn;native to determine the occurrence of
fertilization. However, to dae; there is no pra}:ﬁéq‘} \technique reliable and suitable for
field studies or even for rese;rch purposes. T_ ,

Progesterone measuremerrtS-fﬁlldwing inserl:ﬂgri%i{iéﬁ allows the identification of two

types of embryonic mortality. Non-fertilization or early embryonic mortality is

associated wjtﬁ the occurrence of luteolysis within 24 days ‘égst-AI whereas late
embryonic morfality occurring at or more than 16 d aftcr inse::mination is associated
with prolonged €orpus luteum function, high circulating progesterone and a return to
oestrus after 24 dayss(Humblot, 1988, 2001). In the present study, the intervals
between the first.and second inseminations i cows which were classified as having
NF/EEM were longer than the regular interval of normal oestrus cycle (21-24 d). As
in previous studies from temperatefcountries, these data indicated the failuge to detect
a cow’s retuin to-ocstrus ordefaults in oestrus expressioni(Peralta et al., 2005): Non-
pregnant cows with' low progesterone concentrations on day 21 after insemifiation
may express a late return to oestrus due to poor quality heat detection and/or silent

oestrus. The absence of progesterone means that these cows may be classified as
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LEM. Thus, as reported before, progesterone measurements were necessary to
estimate in field studies the respective incidence of EEM and LEM.

Several studies have reported that the increase in progesterone concentrations
during the first days following fertilization' / after insemination is associated with
fertility in dairy cows (Stronge et al., 2005, Maan ctal., 2006, Demetrio et al., 2007).
Detrimental effects of heat stress on follicular development have been reported and
this induced a decrease in progesterone production after ovulation (De Rensis and
Scaramuzzi, 2003)=In the present study concentrations of progesterone in blood were
not statistically different by 12 days post-Al between pregnant and non-pregnant cows
exposed to MS or SSy and.progesterone i;i_:oncentrations were higher in pregnant cows
in both groups. / s &

PSPB is agtropheblastic pfo@ein, Egclreted by binucleated cells, found in the
dam’s maternal circulation (Reimers et al., 1985). In some pregnant cows, blood
concentration of PSPB €an be detected a];_,early as day 15 after insemination. The
blood concentrations of PSPB.are most of t-ﬁei time (in >95% of the cases) detectable
(over 0.5 ng/mL) and canteach 2103 ng/nﬁi  within day 35 However, high individual
variations were observed when measuring pe;_i?iag*gal concentrations of PSPB during
early pregnancy (Humblot et al., 1988; Hﬁ%{ot, 2001). In the case of EEM,
embryonic mortality oceurs before day 16 af’:téfr'-ﬁ-tséfrrination. Therefore this protein is

usually undeteetable. In contrast, in the case of LEM associated with maintained

corpus Iuteum_(function, PSPB concengaazig;s 1n biood can be‘ ilg;ected but the mean
concentrations are usually lower than those found in pregnant heifers or cows. The
combination of progesterone and PSPB measurements have ‘been used to study the
respective frequencéiesrof different types ofi@mbryonic mortality and to relate them
with factors which may influence. fertility at“specific stages of pregnancy (Humblot,
2001).

In this study, LEM was further classified inte: LEM with PSPBrand LEM
without PSEB.The reasonyfor this classification was to determine the incidence of
both which*may be related*to different mechanisms. CEM occurs after the regression
of the corpus luteum is stopped and luteal cells continue to produce progesterone. One
of the most important substances secreted by the conceptus that is involved in the

maintenance of corpus luteum function is IFN-t (Igwebuike, 2006, Green et al.,
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2010). IFN-t is produced by mononucleated cells between day 10 and day 24 of
gestation and it has been shown that IFN-t has anti-luteolytic properties (Igwebuike,
2006) while PSPB (the isoforms measured here) is produced and secreted by
binucleated cells (Humblot et al., 1988). In the case of LEM without PSPB, even if
the corpus luteum is actively maintained by IFNst, the early placenta does not
function well. This may be interpreted in the way the two types of cells function
within the trophoblast-(moenonucleate and binucleate)-and are regulated by different
processes. To date; this topiesrclated tof the LEM with or without secretion of PSPB
has not been studied'in away precisely related to abnormal expression of different
genes and more pregise analysis of cell .fff_unction of both mono- and binucleated cells
or structural development of the ple_@centa:.: The relationship between such LEM events
and the differential secgetion of t:he; diffgdrelnt proteins from the PSPB/PAG family
would be also of some interest but i§ not'easy to approach duc to the relatively low
number of LEM .eases and the phenotypic variation associated with these cases
(different delays for luteolysis.and return to'{;estrus).

Additionally; the €lassification of LE_M by the eriteria used in this study may
confound the different” situations and to- ovegcﬁnmate the incidence of LEM.
Effectively in some cows or heiters not mse—ted corpus luteum function has been
shown to persist by studynfg-p‘rogesterone pféﬁl‘es-before Al. This situation may also

explain why, cows inseminated but unfertilized may express prolonged luteal function

without PSPB. “This may lead to confusion between the two diﬁ_"e,rent situations. The
level of over-estimation of the frequency of LEM is depende:ht on the incidence of
such cases. There are, at the present time, no tools or methods available to
differentiate betweensthese events. Thus, {further investigation on this topic is
warranted.

The effect of heat stress on the EM rates between groups (NS, MS, and SS)
was not different in this study. The range of THI in/May during the studyswas from
69.08t0/79:25.4The lack ofidifference in frequency of EM may be dueto the fact that
the "conditions induced by*MS ‘are detrimental to embryonic ‘development and are
negative enough to induce a rise in the frequency of EM. Alternatively, it can be
hypothesized that cows under MS expressed better their milk potential and had a

higher metabolic activity leading to similar internal temperatures.
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Additionally, the methods used in this farm to cool down the cows before
milking throughout the year and before feeding in the hot season were probably
effective enough to limit the unfavourable impact of more severe heat stress on EM.
Thus, together with good nutriti cy of EM in NS and MS were not

different from SS.

In conclusion, t tive performance were not

obviously seen in thi al ovarian activity was

higher in cows t dicated that heat stress

has a detrimental {\ it 2 E. nction. But the success

of pregnancy depe nd embryo loss can occur at any

"\.

time. This s arm wi good management.
Preventive cooli “employed and are t o.ﬁ 0 be the factor which
meant that th ' e s on reproductive performance and
embryonic loss i 1 f dail S Thailand are characterized as
smallholder farms w ( e‘and nutrition I'management varies and is
different from the i i S o > dairy farms. The effect of heat
stress may be more pr ,.4_ naltho s, s, the study of the effect of

heat stress under the management-conditions

mallholder dairy farms is needed.
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CHAPTER 1V

DIETARY SUPPLEMENTATION WITH 3-CAROTENE
AND POSTPARTUM PERFORMANCE IN DAIRY COWS
AND CALF HEALTH STATUS AT BIRTH

The study#in thissehaptenis divided into 3 experiments which were conducted
|
using the same experimental animals.

4.1 Effects of dietary supplementation of B-carotene given to dairy cows during
the dry-period on postpartum‘ovarian zjcti;ity, progesterone and uterine health

in dairy cows
4.1.1 Abstract i

[-carotene is the maln nafural precursor of V1tam1n A and plays an important
role in reproductive efﬁmency and immune functlon in dairy cows. The objective of
this study was foanvestigate-whether-a-supplement-of-p=caroteriC given during the dry
period is able to,; 1) increase blood concentrations of B-carotene postpartum, 2)
improve ovarian 'function and progesterone production, and 3) enhance uterine
involution and uterine health. This study was conducted using 40 Holstein cows. On
the day ofidrying-off,/cows) wererallocated tor one of two dietary“treatments: control
diet (C,| n=20) lor. control diet plus [1g/d B-carotene (BC, n=20). The B-carotene
supplement was given individually, to the cows until calving. Blood samples were
obtained regulaply before« and after jcalving=from, thescows e, measure ythe
concentrations of P:carotene. The diameters of the eervix and uterine horns were
measured regularly using ultrasonography. Endometrial cytology samples were
acquired from the cervix and uterus to determine uterine health. Milk samples were
obtained three times per week for progesterone assay. Additional blood samples were

taken on the day of calving, 7 and 21 days postpartum to determine the plasma
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concentrations of amino acids. Blood concentrations of B-carotene were not different
before the start of the experiment (C, 3.03 + 0.22mg/L vs. BC, 3.12 + 0.22mg/L,
P>0.05). Blood concentrations of P-carotene in the BC group peaked (7.45 + 0.24
mg/L) 1 month after drying-off while the concentrations in the C group remained
constant. B-carotene concentrations then deercasedsin both groups. The difference in
blood concentrations of J-carotene between groups beeame significant 2 weeks after
the start of the supplement until 2 v!x;reeks postpartum. There was no significant
difference in the interval from.ealving to ovulation between groups (C, 27.8 + 3.46d
vs. BC, 35.8 £ 345d, P=0.05). The diet.lary supplement of B-carotene during the dry
i

period had no effget on gvarian/activity, progesterone production, cervix and uterine
horn diameters. Plasma concentrations of hydroxyproline in the BC group were higher
than in the C group om day 21 postpartum (BC: 20.8 + 1.33umol/L vs. C: 15.0 £
1.33umol/L; P<0.01). On'day 28 postpart?%m the percentage of neutrophils in the BC
group was lowerthan in the C group (cervical smear; C: 21.0 + 3.22% vs BC: 9.7 +
3.14%, P<0.05 and ufering siear? C: 32.0 %_53!86% vs BC: 20.9 + 3.76%, P<0.05). In
the present experiment a dletary supplement—feﬁﬁ carotene during the dry period had

no effect on ovarian act1v1ty postpartum Howev’e"r due to effects of B-carotene on

hydroxyproline profiles and thelr potentlal ,relatlonshlp with uterine function we

speculate that: uterme 1nvolut10n may have been more comp}ete and that uterine

inflammation may—have—beeﬁ—feéueed—m—eews—whieh—fecgved the P-carotene

compared to controls.

4.1.2 Introduction

[-carotene isithe principal natural precursor”of vitamin A in cattle and it is mainly
provided by forages. P-carotene is either absorbed intact or metabolized in the
intestinal mtreosa and theiresulting retinol is absorbed: 3 carotenelis transported with
fat "in the "lymphati¢ systém ‘and temporarily storedin the liver. Besides being a
vitamin A precursor -carotene plays a role in reproductive efficiency in cows. Low
circulating -carotene has been associated with prolonged oestrus, delayed ovulation,

a reduction in the intensity of the signs of oestrus, low conception rate and low
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progesterone concentrations (Hemken and Bremel, 1982, Rakes et al., 1985, Arikan
and Rodway, 2000). Some authors have reported a beneficial effect on reproduction
(e.g., enhanced uterine involution (Rakes et al., 1985), shortened calving to first
oestrus interval (Rakes et al., 1985), and improved luteal progesterone production
(Arikan and Rodway, 2000), while others have zeposted no effect of beta-carotene on
reproductive performance (Bindas et al, 1984a’b, Akordor et al., 1986, Wang et al.,
1988). -+

There is inereasing evidence that B-carotene functions as an antioxidant by
quenching singlet exygensand scavenging the peroxyl radical, in contrast to retinol,
which does not haye this eapacity (Ikedila et al., 2005). B-carotene is an antioxidant
which has been implicated 10 immune funetion in dairy cows (Chew, 1987). The
antioxidant systema'in the cow is sufﬂcientiy robust o cope with the production of free
radicals under normal physiological conc'i]a;itioﬁs. However, during the periparturient
period, dairy cows undergo substantial “metabolic and physiological adaptations
shifting from pregnancy fo lactation. During this period, the production of free
radicals usually exceeds the capacity of thé:er_gly’s antioxidant system and oxidative
stress develops (Bernabuceiy“et Jal... 2002, 'l(l?é_tj}lo et al.,, 2005). Some diseases
including mastitis, metritis ;md retained fo;ﬁiﬁlembranes commonly occur in the

early postpartum period (Miller et al., -};9-9-._3',': Kankofer, 2002). A B-carotene

supplement given to dairy cows during the peripartutient period.enhianced lymphocyte
proliferation —in(duced by mitogen stimulation (Michal et al., 1§94). Moreover, Akar
and Gazioglu (Akar and Gazioglu, 2006) showed that dairyr cows suffering from
retained placentat;)vere more likely to have low blood B-carotene concentrations than
healthy .cows. Data from a_retrospective study  indicated_that _plasma p-carotene
concentrations during the dry period were greater in dairy cows that ovulated within
the first 30 d postpartum than the concentrations in cows that did not ovulate during
the first 30 d postpartum (Kawashima et al., 2009%).

Therefore, in an effort fo resolye conflicting evidence concerning the effects of
[-carotene supplementation of dairy cows during the dry period on health and
reproduction the present study was designed to investigate whether a supplement of 3-
carotene given during the dry period was able to 1) increase blood concentrations of

[-carotene postpartum, 2) improve ovarian function and progesterone production, and
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3) in the event of endometritis, enhance uterine involution and improve uterine health.
However, the last objective could not be addressed since there were no spontaneous

cases of metritis.
4.1.3 Materials and methods

The present study was carried out according to-French legislation on animal
experimentation (ecode rural..articles R 214-87 to R214-94)in line with the European
Convention for the"Proteetion of Vertebrates used for Experimental and other
Scientific Purposes (Furopean Directivib 86/609). The scientist in charge of the

experiments was licenséd to'perform experiments on animals.

=

=4

4.1.3.1 Animals and management ],.

Forty high-producing Holstem, primi-paroiJs and multiparous, cows were used
in the experiment (average annual” milk :'prgdduction of 10,000kg). On the day of
drying-off, which was determined as being 60- flﬁys before the presumed date of
calving, cows were allocated to—one of twoﬂﬂary treatments: control diet (control
group, C: n=20) or control- diet Pplus - 1 g/cow/d “B-carotene (P- -carotene group, BC:

n=20, Rovimix® B-Carotene containing 10% B-carotene; DSM Ntritional Products

Ltd., Paris, Fr_z;hce). The criteria used to form the groups we}gg live weight, body
condition score, age, milk production level over the first 100 days of the previous
lactation, expecté& calving date, and blood B-carotene concentration. The dry period
lasted two months."Cows were group-houséd«in a barn on straw and received total
mixed rations (TMR), formulated-to meet average requirements for maintenance and
production (Hoden et al., 1988). Three different diets based on maize silage were
formulated (Table 6) and fed to the cows dependington their requirements (first and
seecond month of the dry-period and lactation). The dry-period.diets were given in
fixed quantities per cow while the lactation diet was given ad libitum. The diets
contained a vitamin and mineral mix which covered vitamin A requirements. Cows
had free access to water and salt licks. One cow in the BC group was culled towards

the end of the experiment due to an accident unrelated to the protocol.
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Table 6 Composition and nutritional value of the diets given to dairy cows during the

dry-period and during lactation.

_ Dry period Lactation
2" month
Diet composition DM/cow/d) (% DM)
Maize silage 38.74
Brewers grains 6.44
Sugar beet pul/ 9.26
Molasses 0.84
Orange peel -
Rapeseed m 18.04
Grass hay 14.33
Barley 6.92
Mineral and vi 1
Urea 3.62
Salt licks ad lib
CaCoO; 0.12
MgCl -
Sodium bicarbonate 0.4
Nutritional values (lcow/day) — (leow/day). %~/ (/kgDM)
NE. (Mcal) T 1en
PDIN (g) B i 106
PDIE (g) 755 546 - 101

523

Calcium (g o 220

) € e
Ay

- Crude fiber (%)

MNINYINT

* Mineral and vitamin mix contained 240g Ca, 35g P, 40g Na, 50g Mg, 1g Cu, 3.6g
Zn, 3.6g Mn, 66mg I, 22mg Co, 20mg Se, 400,000 IU vitamin A, 66,700 IU vitamin
D3, and 1200 IU vitamin E per kg as fed (Centralys, Trappes, France).
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NEL = Net energy for lactation
PDIN = true intestinal digestible protein, when fermentable N is the limiting factor.

PDIE = true intestinal digestible protein, when fermentable energy is the limiting

factor.

(INRA, 1989) //

4.1.3.2 Measurem ne cﬂcentmlets given to the cows
The rati iment we led each month (500 g) and

immediately froze 4 1€ experim les were freeze-dried.

A pooled sam was analysed for 3-

carotene. The B3- e Analytical Research

The cows which were 2 ] =carotene group were supplemented
ith

individually v ated-carotene) starting

i
=D U

rEL Cows were ained a neck loaﬂ

distribution of the fepeseed meal with or w1thout [-carotene. Blood concentrations of

[B-car efore calving

were rmasured as described prevgpusly (Kawashlma et al., 2009a) after one-step

4 WIRNTLIZ, UMITNLTNE

(1CheckTM BioAnalyt GmbH, Germany).

from the day of diyiig-o il calving. The Preaioicie ent was top-dressed

once-a-day of sroup only received

the rapeseed tanchion during the
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4.1.3.4 Blood sampling

Blood samples were obtained at -8, -6, -4, -2 weeks before calving, at calving
andat1,2,3,4,5,6,7,8,9, 10 weeks after calving by caudal venipuncture before the
morning feed. Blood was collected into 9 m!l  heparin-coated tube and placed
immediately in ice-cooled water. Blood coneentiations of [-carotene were measured
and the sample was then centrifuged for 10 min‘at4-°€and 2,500 rpm (Eppendorf
centrifuge 5702 R). Plasma was collected and frozen (20°C) until required for
metabolite and hozmone assay.

" |

4.1.3.5 Milk sampling; milk progesterone assay and ovarian activity

Milk samplest for iprogesterone assay. were collected 3 times per week at
afternoon milking/starting the 1** wk postpartum and continuing until the 10" wk
postpartum. Composite milk .samples Wei‘é'i-boilected in 20 mL plastic containers
containing a preservative tablet @ronopoﬁ-l}?@mycin; Microtabs, Control Systems,
Inc, D&F U.S.A.) and werg frozen (-20 °C)'}1:f}t-3'],-’required for analysis. Whole-milk
progesterone concentration; were measurng_); enzyme immunoassay using a
commercial kit (Ovucheck®:’Mili{ kit, Biov:e:if,'-'FréﬁCe). The coefficient of variation

was 12% at J«69 ng/mL.

Ovariar_f ractivity was estimated usirhigvnrlilk brogesterone:qoncentrations. Cows
with milk progesterone concentrations >3 ng/mL for at least two consecutive samples
were considered o have luteal activity. Ovulation was considéted to have taken place
five days before thesfirst increase in progésterone >3 ng/mL. The interval from
calving to ovulation was calculated. To detetrmine ovarian activity, the post partum
period was divided into two sections; from calving to day 50 and from day 51 to the
end of experiment. The criteria used to classify the oyasian activity were adépted from
(Shrestha otval.x2005) andthe ovarian activity during each time'period was classified
as:

1) Normal cycle; ovulation occurred and was followed by regular cycles with
approximately 2 weeks of luteal phase and 1 week of follicular phase

2) Anovulation; no luteal activity (progesterone <3 ng/mL)
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3) Irregular cycle; ovulation occurred and was followed by an ovarian cycle with a
luteal phase of <10 days or absence of luteal phase for at least 14 days between cycles
4) Persistent corpus luteum; ovulation occurred and was followed by a luteal cycle of
>20 days.

The normal cycle progesterone profiles were used to calculate the area under
the curve by AUC =X (C; + €, 1)/2 x dt, where Cgis the concentration at time t, C;+
the concentration attimet+ I and dt is'the time (days) between samples taken at t and
t+ 1 after subtracting the cut=off level for luteal activity (3 ng/mL) (Rhoads et al.,
2009). The area under the gurve was considered to be total progesterone production.

|

4.1.3.6 Endometrial cytology of the cervix and uterus

=
=4

Endometrial samples for cytologicali examination were collected using a
Cytobrush® Plus GT (Medseand Medicalﬁ_,USA) modified especially for this study
(see below). Endometrial cervical and uteri'ﬁe..'cytblogy samples were taken starting at
8 days postpartum.” The interval betwee_'i}f'* samples was 10 days. An artificial
insemination gun (Al gun: IMV, Technology,r, Algle France) without its plunger
was used to introduce the cytobrush into the—u’%‘ms The handle of the cytobrush was
shortened to about 8 cm afid-treaded info an Al ‘gun. The cytobrush and Al gun were
fixed together-with surgical tape (Adheroplaste F1branne BSN Medical, Vibraye,

France). The cytobrush and Al gun combination was covered by a breeding sheath
(Alcyon, France) from which the plastic insert was removed before use. The sampling
instrument was then covered by a plastic sanitary sheath (IMV Technologies, France)
to protect the cytobrush, from vaginal contdémination. The vulva was cleaned with
clean swater and . then with povidone-iodine (Vétédine sayon, Vetoquinol, Lure,
France), and dried with™ a paper towel. The sleeved arm of the experimenter was
lubricated and introduced into thé rectum to facilitate the passage of instrument
through thewyvagina and cervix.*The instrument was passed through the vagina: ‘When
the tip of the instrument was at'the‘external os'of the cervix, the plastic sanitary sheath
was punctured and the instrument was manipulated through the cervix and into the
base of the uterine horn where the breeding sheath was retracted to expose the

cytobrush. Uterine cytology samples were collected by rotating the cytobrush while in
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contact with the uterine wall. The cytobrush was retracted into the breeding sheath
prior to removal from the uterus. An endo-cervical cytology sample from the cervix
also was collected. The cytobrush was rotated to obtain the cellular material from the
adjacent endometrium when it was in the middle of the cervix. The cytobrush was
rolled on a clean glass microscope slide and allowed o air-dry.
The cytology slides were stained with May-Griinwald-Giemsa staining using an
automated slide stainmer (Aerospray; Wescor, Kitvia;-labarthe Inard, France). Each
slide was examined'using L000x magnification after assessment of the homogeneity
of the slide under a400x magnification. From each slide, 200 cells were counted and:
the number of epithelial cells, neutrophils, eosinophils, basophils, lymphocytes and
monocytes/macophages were noted. Lar:_ge, epithelial cell membranes and ruptured
cells were not included. All slides \:Jve;re eximlined by the same person.
4.1.3.7 Measurement of cervical and utelfipe horn diameters

Immediately aftertaking the endom:é-t_l_l‘.fal samples, an ultrasonographic scanner
equipped with 6.0MHzlinear reetal transducer: (_Egl}ographe Aquila, Pie Médical, The
Netherlands) was used to determme the dm;T-eters of the uterine horn and cervix.
Cervical diameters were ricastred by placmig‘-thea transducer over the middle of the

cervix. To measure the uterine horn diameters, the transdueer was placed 10cm

cranially to thq_bifurcation of the uterus. Built in machine calipé@ ‘were activated and
used to measure the distance from serosa to serosa and this was considered to

correspond to the'diameter.
4.1.3.8'Blood sampling and measurement of plasma amino acids

Blood samples were taken on the day of calving, day 7 and day 21 pestpartum,
all by caudal venepunctureéunto 9mL "heparinized tubes before the morning feed. The
samples 'were' chilled and then centrifuged (Eppendorf centrifuge 5702R) at 27000 g
for 10 min at 4 °C. Plasma was harvested and frozen (-20 °C) until required for the
analysis. Plasma amino acid concentrations were quantified as described in (Neveux

et al., 2003). Briefly, plasma was deproteinated (with sulfosalicylic acid, 30mg/mL)



78

and protein-free amino acid concentrations were determined in the supernatent by ion-
exchange chromatography with ninhydrin detection using an AminoTac JLC-500V
analyzer (Jeol, Tokyo, Japan).

was_performed w@OVA using a general
linear model or w [XIED  proced Software for repeated

S D [ .the
measures, including a rando ‘-/-‘iaf effe Y}\\‘\gl‘!\? atment on the types of
ovarian activities were examin ifference g L ‘“ quare test. Results are

4.1.4 Statistical analysis

Statistical analy

presented as LSmeang# standardierror ofithe mean (S ignificant differences are
reported at P<0.05 - \

4.1.5 Results

There were no i es between cows in the C and BC
groups before the start'of the ff ' Blood B-carotene concentrations
during the dry and postpartum p n Fig. 19. There was no significant

difference between the two tfeatment tart of the dietary B-carotene

£

Supplement --,'1"71—“—.'"t—i‘.—;"’:‘T';‘—:":':':—:’:“':‘t‘":::::::::::—!, :,ﬁ arotene increased

gradually k‘ creased (P<0.001)
until week 2 poﬁrtum. th 1p, b sentrations of B-carotene remained
constant for the first month after drying-off and then decreased significantly until

AW
QRININIUNRINYIAE

calvirﬁFK0.0S) afid fliched a nadir concenffafion at week 2 poﬁmrtum.
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Table 7 Measurements made in cows to form group before starting the experiment.
LSMean + SEM.

Parameter P-value
Milk production (kg) 0.77
Lactation No. 0.78
Body weight (kg) 0.87
BCS' (scale 1-5) 0.84
B-carotene (mg/L 0.77
"BCS = body con
f3-carotene

[3-carotene (mg/L)
(&)

-6 -4 -2 cC1 2 3 4 6 8 10

8
€ & Time Related to'Calving %eﬁ
Figulﬂ‘} Llooﬂcarotene corgejltrationz jolsteln COWS If]n either: a control

diet (n=20) or a control diet plus lgd B-carotene (n=29) starting 8 wks befére'calving
RN T IR B
<0.001, **P<0.01. C = Calving
There was no significant difference in the interval from calving to ovulation
between groups (C, 27.8 £ 3.46d vs. BC, 35.8 = 3.55d; P>0.05). The different types

of ovarian activity observed are shown in Table 8. The dietary supplement of [3-
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carotene had no effect on postpartum ovarian activity during the periods studied (0-
50d and 51-77d). Progesterone production during normal cycles, determined by the

calculation of the area under the curve of normal progesterone profiles, was not

f)ngdpermL vs. BC, 381.0 £ 43.05

and u ere not different between

different between treatments (C, 4
ng.d per mL; P>0.05).

The diameters o
groups (Fig. 20). The diameter of cer\’* and“decreased rapidly during

the first month p post partum onwards.

Table 8 Number es of ovarian activity

postpartum w ol diet plus 1g/d B-
carotene (n=19) s g Types of ovarian activity

are expressed from ca 1 0 77 days postpartum.

Type of

ovarian activity

[B-carotene

50d 51-77d

postpartu_gn},,:pes partum postpartum postpartum

Normal 7/20 (33‘()?‘)’#-{4%29-‘( 0%) — 6/19(31.6%)  13/19 (68.4%)

6/20 (30.0%)  1/20 96) 4 2/19 (10.5%)

Anovulatio 3 -

Irregular cycle 4 3/20 (15.0%) »‘«- 0/19 (0%)
Persistent Emo 19 (21.@) 4/19 (21.1%)

corpus luteum

cc%tl ﬂov’ﬂ ﬂ able 9. Plasma
on day

concenqtlons ydroxyproline were affected y treatment 1 postpartum
(BC: 20.8 £ 1.33 pmol/L vs. C: 45.0 + 1.33 pmolZk; P<0.01). The otMplasma
R RA T NEAE

e percentage of neutrophils in the endometrial smear from both cervix and
uterus are shown in Table 10. At 28 days postpartum the percentage of neutrophils in
the BC group was lower than in the C group (cervical smear; C: 21.0 £ 3.22% vs. BC:
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9.7 + 3.14%; P<0.05 and uterine smear; C: 32.0 £ 3.86% vs. BC: 20.9 + 3.76%;
P<0.05).

4.1.6 Discussion

In the present study, we showed that a'supplement of B-carotene given during
the dry period increased circulatinchoncentrations of P-carotene which is in
agreement with previous reportsi(Kawashima et al., 2009%). However, the possibility
of comparing the blood cenceantrations of [-carotene in our study with other reports is
limited because there were differences 111 the levels and duration of supplementation,
in the physiological status of the -:animeils;;in the form of P-carotene used, in the
composition of the'dietsiandiin the bieeds.of cattle studied.

In the present study, a puriﬁediencapsull}ted; form of [B-carotene was used and it
resulted in circulating concentrations o‘f B-carotene which were above the
recommendation of 3 mg/L neceSsary t0 cover dalry cow requirements (Frye et al.,
1991). idd e/, -

The supplement of B-éarotene in the presef;t study had no effect on the length
of the interval from calvmg to first ovulathn PIeV1ously, Kawashima et al. (2009%)
showed in a retrospectlve study that dairy cows t "hat went. on te-ovulate in the first
thirty days pos_t; partum_had_hicher f-carotene concentrations gurmg the dry period
than cows that-did not go on to ovulate. This finding led to furmer;experiments which
aimed to examine_the effect of a supplement of B-carotene, given during the close-up
dry period, on ovulation at the first follicular wave postpartu;n. Kawashima’s group
showed that a supplemient of B-carotene mightenhance the occurtence of ovulation at
the first follicle wave postpartum (Kawashima et al., 2009b). There is evidence in the
literature| that ovulation occurred earlier after the onset of oestrus in B-carotene
supplemented cows compared to controls (Wang et al.; 1982). However, in the present
experiment due to the method used to estimate ovulation (presence of P4 in milk) we
are unable to confirm or refute previous results. Monitoring of blood progesterone
profiles to determine the ovulation in dairy cows has been widely useded (Shrestha et
al., 2005). However there is a large variation in timeing between ovulation and the

postovulatory progesterone rise above the cut-off level for luteal activity (Roelofs et
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al., 2006, Starbuck et al., 2006). While monitoring of ovulation by frequent ultrasonic
examination, for example at 4 h or 6 h interval, give more accurately in timing of
ovulation. In the present study the use of ultrasonic examination was not practical.
Since the experiment lasted for a long time: and oestrus occured spontaneously
without hormonal intervention.

High concentrations of -carotene are present in the ovary and especially in
corpus lutea. This ledto'speculation that B-carotene-may play a role in corpus luteum
function and progesterone_production. Inaba et al. (1986) found that cows with
ovarian cysts had significantly dower citculating -carotene concentrations than cows
without cysts. Howewer, no relationshiplbetween the concentration of B-carotene in
plasma and in eyst fluid was obseryed (Haliloglu et al., 2008)."In our study, we were
unable to show a gelationship betWe§n OV:a_lrilan activity and supplemental B-carotene.
In addition, total progestetoneproduction in cows with normal ovarian cycles was not
different between treatment groups, Our f{qdings support a previous report in which
ovarian activity and plasma“; progeste‘r&ﬂe * were unaffected by [-carotene
supplementation (Wang et al., 179_8}_3&). Hovs}é\_j{;r_z Graves-Hoagland et al. (1988) found

that progesterone productign- by- luteal tiss,we; Was positively related to plasma

concentrations of B-carotene. —

Uterine involution was cémplete at-about 30" to. 40 days postpartum and we

found no differénces in the rate of involution as judged by changes in uterine horn and

cervical diame_férs. The absence of a B-céfotene e:ffect in our S‘Egdy is in agreement
with Wang et al. (1988) but contrasts with Rakes et al. (1985), who found that the
diameter of the eervix in B-carotene supplemented animals was smaller than that of
control animals mieasured at 21 and 28 {d ‘postpartum. However, in the latter
experiment the supplementation’of 300mg/cow/d was started on the day of calving
and continued to 100d postpartum, compared to the present study when B-carotene
supplements began during the dryfperiod and finished at calving. Also the methods
used to measure cervix/ diameter were different between the studies; Rakes.at al. used
transrectal palpation"'whereas we used ultrasonography*(Rakes etal., 1985).

The increase in uterine weight throughout pregnancy is accompanied by
collagen deposition. Collagen is a fibrous protein whose molecule consists of three

polypeptide chains which contain significant amounts of the amino acids; glycine,
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proline and hydroxyproline (Sarges et al., 1998). Collagen is involved both in
placental development and in the uterine involution processes. The collagen

accumulated in the cotyledons during gestation accounts for 20 to 25% of

hydroxylproline in blood. Hydroxyproli , ind in feedstuffs and is unique to
collagen. It accountsfor9-to 10 e colle imino acid residues and has not
been found in ¢ a1 yrotei xcept elast bout 1%). Circulating
concentrations of h /Pro RN incre 5 uring the first week following
calving (Abribat et al:, ubility of the c ' =. the uterus and blood
concentrations o i olyeine are related to uterine involution and can
\\)‘._.}\ﬁie 1992).

AULININTNEINS
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until calving. LSMean + SEM
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Table 9 Plasma amino acid concentrations (umol/L) measured on the day of calving,
day 7 and day 21 postpartum in cows receiving either: a control diet (C, n=20) or a
control diet plus 1g/d B-carotene (BC, n=20) starting 8 wks before calving until
calving. LSmean = SEM

Amino acid Group
g 0 ; ) Da Day 21 SEM
Glycine . 1 624.12 39.06
606 - 613.03
Hydroxyproline . 14.95° 1.33

Threonine 6.35

Valine 11.65

Methionine 1.37

Leucine 7.22

Histidine 2.91

Lysine 3.74

Taurine 3.36

Serine 6.60

Asparagine 1.85

Glutamate 2.66

Glutamine ; 13.03

Alanine ) P ) 12.14
BC 23446 207.08  247.64

Citrulline C 70.86 64.97 87.08 4.23
63.08 y 62.08 93.68

Tyro 2.30
28 15 39 01 45 67

Phenylalamne 6. 60 48.20 248

'I Arginine 39 38 62 21 61.94 2.88
BC 40.84 51.38 59.11

Proline C 61.99 79.93 89.61 3.63
BC 60.13 73.16 79.16

SEM: pooled standard error of the least square mean for each amino acid
®® concentrations of hydroxyproline at day 21 postpartum were different; P<0.01
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Table 10 Percentage of neutrophils in smears taken from the cervix and the uterus
starting 8 days postpartum every 10 days in cows receiving either: a control diet (C,
n=20) or a control diet plus 1g/d B-carotene (BC, n=20) starting 8 wks before calving
until calving. LSmean = SEM '

Section of Days

,Ei:utrophils

reproductive o —

ract w H

77/ AN

35+3.14
9.65 +3.14°
6.05 +3.21
4.05+3.38
3.99 £3.21
8.21 +3.39
4.46 +3.50
31.67+3.76
37.32+3.76
90.92 +3.76
'fﬂ 29 +3.94

Cervix

Uterus 8

E:S 9.48 £4.05

] 757 +4.16

850418

&R 8.41 +3.95./ 5.78 461
48

.b Percentages of neutrophils withif a row with different superscripts differ;P<0.05.

QRIAONLAUHN ) ATELIREL.

collagen is slow and the concentrations of hydroxyproline and glycine in blood
remain low (Abribat et al., 1992). We found in the present study that the blood

concentrations of hydroxyproline in the BC group were significantly higher than those
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in the C group. This indicates that collagen catabolism was greater in BC compared to
C. Hydroxyproline has been used to study calcium metabolism in periparturient
hypocalcaemic dairy cows (Evans et al., 1976, Goff and Horst, 1998). In calcium
deficient cows, bone resorption oceurs to release the skeletal calcium into the blood
circulation to compensate for calcium deficiency. This process results in raised blood
hydroxyproline (Goff and Horst, 1998). Howeyer, clinical hypocalcaemia was not
observed in this study and hypocaleaemia wusually occurs within a few days
postpartum. Thus;we suggestthat the circulating concentrations of hydroxyproline in
this study might _have been a'result of the catabolism of uterine collagen during
involution. \

A series of samples taken every;tlen days in this study showed that the
percentage of polymerphonuclear leucocytes (PMN) in the uterus and cervix in the
BC group was lower than that in the C groil_p at 28 days postpartum. In dairy cows, it
is common for the dilatation of"the cervixf-during the calving process to allow the
entry of bacteria info the uterus (Sheldon ’é}!’al 2002, Gautam et al., 2010). These
bacteria can trigger the cow: s defence mecham;‘gns As a consequence, PMN are
attracted and penetrate the uterus, Wlthou’c_‘terventlon cows may recover from
bacteria infection within a'sheft time period: :Ch'mi:aHy, the diagnosis of endometritis
is usually performed 3 weeks postpartum due to concern about the over-diagnosis of
uterine mfectlon (Gaut;miétiél 2010) As mentioned above, our results show that an
indicator of bacterial infection clearance, during the first 3 weeks postpartum,
occurred more rapidly in cows supplemented with B-carotene compared to controls.
The mechanisms by which carotenoids reguldte’immunity are not fully understood. In
laboratory studies (Daniel et al; 1991°), [-carotene. enhanced [bovine blood and
mammary gland phagocytic cell kill ability. Supplementation of cows with 400mg [3-
carotene/cow/d from 6 weeks before until 2 weeksy after drying-off produced a
beneficial efiect in cows by stimulating polymorphonuclear phagocytic and bacterial
killing ability. Phagocytic ability was maintained after drying-off in [-carotene
supplemented cows and tended to decrease after drying-off in cows fed only vitamin
A (Tjoelker et al., 1988, 1990). However, the phagocytic ability of PMN was not

verified in the present study. The difference between groups in blood concentrations
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of B-carotene was observed until the second week postpartum. This difference may
have helped PMN to clear the bacteria from uterus and cervix during the spontaneous

recovery period.

y ne supplement on the day of calving
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4.2 Effects of a dietary supplement of B-carotene given during the dry period on

milk production and circulating hormones and metabolites in dairy cows

4.2.1 Abstract

The objective of this study was to investigateswhether a supplement of -carotene
given during the dry period is able to 1) amproyve milk production and milk
composition and 2) modify hormone and mctabolic status in dairy cows during the
dry and postpartum periods«This'study was condueted using 40 Holstein, primiparous
and multiparous cews. On‘the/day of drying-off, cows were allocated to one of two
dietary treatments: gontrol® diet (n=20) (iSr control diet plus lg/d B-carotene (n=20).
The B-carotene supplement was given individually to the cows until calving. Blood
samples were obtained gegularly and the:g;oncentrations of B-carotene in blood and
circulating metabolites and hormones in':plas'ma were measured. Live weight and
body condition scere (BCS) were monitored._once a month. Daily milk production was
recorded after calving. Milk eorpOsition was measured every 15 days. The dietary
supplement of B-caroteng increased blood C'éﬁggntrations of B-carotene during the dry
period and although the diffetence decrease"gl.':p-?étpartum [-carotene concentrations
remained higher compared to the—control gra= Live weight, BCS, milk production
and composition: milk protein; itk fat, fhik Urea and somatic cell count, were

unaffected by freatment (P>0.05). Piaggzl c;oncg:ntrations 9f insulin, insulin-like

growth factor-J, glucose, non-esterified fatty acids and urea were unaffected by
dietary supplemehtation with B-carotene (P>0.05). In concllision, supplementation
with B-carotene ahring the dry period increased blood concentrations of [-carotene

but had no effect on péifermance or hormoneand metabolic status.
4.2.2 Introduction

In the dairy cow, the peripartum period is a stressful time due to the dramatic
physiological and metabolic adaptations required during the changed from pregnancy
to lactation. Energy demand is increased due to the need to meet the requirements for
rapid foetal growth and milk production. During this period, cow immunity is

suppressed leading to an increase in susceptibility to a number of diseases. It has been
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reported that neutrophil function before parturition is impaired (Kimura et al., 2002)
and this has been linked to mammary gland and uterine infection. The changes in
metabolism associated with rapid foetal growth, parturition and initiation of lactation
results in increased production of free radicals. When the production of free radicals
exceeds the antioxidant defence mechanismspresent in the body, the cow is in
oxidative stress. Oxidative stress in periparturicaé€ows may be a contributory factor
for disease susceptibility:Independent of its role as provitamin A, B-carotene may
affect immune function. [-earotene has been found to enhance immune function
through its abilityte regulate membrane fluidity, gap junction communication and as
an antioxidant (Chew and/Park, 2004, Tjioelker et al., 1988, Tjoelker et al., 1990). In
vitro studies showed that B-carotene enhanced bovine blood and mammary gland
phagocytic cell killing ability and enhan;;ed lymphocyte proliferation induced by a
mitogen (Daniel et aliy 1991*", Michal ct all]-;, 1994).

B-caroteng'is a ¢rucial member of a group of molecules which are free radical
scavengers. [-carotene and other carotené'i:d"'si are especially effective at quenching
singlet oxygen and can preventrt-the subé'ef;}ent formation of secondary reactive
oxygen species (ROS) (Sordillo et al., 2009-;:-::(fhfawla and Kaur, (2004) reported a

positive correlation between plasma B—caroten?e concentrations and antioxidant power

d ol

measured by aferric reducirfg antioxidant power assay in ¢ows stipplemented with -

carotene during'th

also-suggested-that-there-is"a Need to give cows a
B-carotene supplement during the dry period in order to-improve their plasma
antioxidant statusfand health after parturition and to improye milk production and
quality due to reduced mammary gland infection. Negative energy balance commonly
occurs=in the jearly; postpartum peniod and-reaches asmaximum~during the first or
second weekspostpartum (Butler and Smith, 1989, McNamara et al., 2003). Similarly,
plasma “concentrations of B-carotene and vitamin E in non-supplemented cows
deerease threughout.the dey«period;and reachstheir, lowestdevelsyduring thesfirstyweek
postpartum(Michal et al., 1994, Calderon et al., 2007). Thus, the decrease in plasma
concentrations of -carotene could be associated with the occurrence of metabolic and
infectious diseases during the peripartum in dairy cows. Additionally, the
concentrations of several metabolites and metabolic hormones are modified by the

adaptations which occur around calving. However, there have been few reports on the
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effect of supplemental B-carotene on milk production and quality and on blood

metabolites in peripartum cows. Therefore, this study aimed to investigate whether a

the dry period is able to 1) improve milk

hormone and metabolic status in
___,/_’_-

4.2.3 Material and methods "! —

4.2.3.1 Animals{ ) : mglsurement of blood

concentrations

supplement of B-carotene given durin
production and milk composition

rtur

dairy cows during the postpa

s in experiment 4.1.
ving, at calving and at
1,2,3,4,5, to determine the plasma

d concentrations of -

sed to for analysis in this

CTI111EC!
NoTel

experiment. riaiese 1Y

4.2.3.2 Milk yield and milk agn‘;fgsm tions

SLToN
The averase individual dai ,_._,_,_,‘,_',,:,_,_.,_“_,_:,:,_,_',:_,_','--,},ﬁ e evening and the
- M) 5, DeLaval Inc.,

Inc., France). Milk

following € ¢
Elancourt, Fralicf ) connee ro, DeLav:
composition was measured individually once every two v-veeks on a composite
mixtuﬁof milk fr&;rhcessive eveﬁ afd“mornin milkings. The samples were

kept r(u taae%lr%tﬂ er%iw pgl] ﬁ% Langenfeld,

Germaq) until analysis. Samples were sent to the laboratory of the Milk Recording
Organisation (Syndicat Interdépﬁtemental de I’Elevage, Le Mcée, France) to

q ﬁmﬂe @Kﬁtﬁtﬁ a&l@e%nﬁrﬂn’sgy Waﬂsﬂﬂ@oﬁtw
q ilkoScan 6000, Foss Electric, Nanterre, France). Somatic cell counts (S were

evaluated by flow cytometric measurement (Fossomatic 5000, Foss Electric, Nanterre,

France).
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4.2.3.3 Body weight and body condition score

Body weight and BCS were recorded on the day of drying-off, 1 month after

drying-off, just after calving, 1 stpartum. Body condition score was

evaluated by the same p ith a 0.25 increment where 1

represents extremely thi nts extremely fat or obese
cows (Ferguson etf‘

4.2.3.4 Insulin a

Insulin ed by radioimmunoas spectively based on

porcine insulin if-sur-Yvette, France) and

human recombinant 2 g ational, Gif-sur-Yvette,
France). IGF-BP _' '. ng the \ \ ’s instructions. Intra-
assay coefficients of wvari : 4.8.9%" \ E"’i and 3.8 % at 57.45 ng/ml
for insulin and IGF i Pf::“

_:r"-" -".l"

Plasma les were analysed by photometric methiods«for glucose (Glucose-

RTU®, BioM hemicals, Neuss,

Germany), and a (Urea-kit S™, BioMérieux, Lyon, France). Inter-assay coefficients

of wvariation were 43% at 3.47 mmol/l, 12.65% at 0.31 mmol/l, 83 % at

299ﬂﬁ£]*?ﬁfrﬁfmwmm

4.2.4 Sﬂlstlcal analyses

ARIRIAIUNBIIBY VRS

Cary, NC, USA). The parameters measured in this study were repeated measures over
time on individual cows. The MIXED procedure was used to determine the difference

between treatment groups including a random female effect and contrast statement
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was used in the model. Results are presented as LSmeans + standard error of the mean

(SEM). Significant differences are reported at P<0.05.

4.2.5 Results

then decreased duri _ _ _ ' ing the first four days
postpartum daily i corded. Milk production per day was
DIM was not 7.2 kg/d; P>0.05).

Milk production 01) but there was no

Neither insuli Jﬁ! . 22) dif éh e n treatments. Plasma

concentrations of ins ificre + ohtly- durit ot \'F month of the dry perlod

Similarly, plasma concentrat1 s—of "‘-—' creased slightly during the first month
after drylng off and then deereas "i:é hed a minimum at 2 weeks postpartum.

- i affect (P>0.05) blood
concentrations c]l lucose, | smaﬁncentrations of these
metabolites wereaffected by time postpartum (P<O 0001) but there was no interaction

between time and t‘annt (P>0.05).

ALl (sl IR e
affec ent rotein  an were influenced by time

postpartum (P<0.0001) while uféa and SCC were, unaffected. There, was no

SLAGAIE MRS R Y
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trol-diet-plus-lg/d-p-carotene (n=20)

given either: a contiol-diet-(1=20)-0i- a COll

starting 8 wksbefore calving until calving. LSMean + SEM.

4.2.6 Discussion

The present experiment/a [-cartotene supplement had no effect on milk
production as shown by others (Bindas et al., 1984°, Wang et al., 1988*", Rakss et al.,
1985)..In contrast, a study.conducted with heat stressed cows showed.that cumulative
milk yield ancreased by 6 to,11% in, B-carotene supplemented compared to non-

supplemented cows (Aréchiga et al., 1998). Moreover, Oldham et al. (1991) found
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Figure 22 P 5” W -‘ actor-1 in dairy

ga contro plus '[ii d B-carotene (n=20)

cows given eith

i
starting 8 wks before calving until calving. LSMean + SEM. C=calving

‘o LY
that Fiupa!el'n%( lorﬂc nﬂu?% % d?‘eﬂ a;t ﬂyﬁctaﬁon could
increa k yield in non-heat stressed dairy cows. ough they found a positive

effect of B-carotene on milk prod‘:tion, they were ainable to explain theftesult and

research. Differences in -carotene concentrations in the control diet, the initial blood

concentration of [-carotene, the level of supplementation, the timing of
supplementation, the duration of supplementation may have contributed to the lack of

consistency in responses to f-carotene supplementation previously reported.



96

In this study, the evolution in plasma glucose is in agreement with a previous
report (Ingvartsen et al., 2003). What is commonly seen is that glucose concentrations
remain stable or increase slightly during the prepartum period, rise at calving, and
then decrease immediately after calving (Santos et al., 2001, Ingvartsen et al., 2006).
The increase in plasma glucose at calving reflects an increase in gluconeogenesis
which is in response to calving stress. The dcercase immediately after calving may be
associated with the modest inerease in'dry matter intake concomitant with the very
high uptake of eireulating glucose by the mammary gland for lactose synthesis
(Wathes et al., 2007):

The changesgin the plasma metigbolites; NEFA, and hormones; IGF-1 and
insulin together'with theé changes in live weight and BCS refleet the nutritional status
of the cows. These variables conﬁrrp the:\_ilelry large energy demands of cows during
the last month of pregnangy. The enérgy supply from feed intake could not meet the
requirements for jmaingenance and rapi(ﬂ_,foetal growth. Therefore, body energy
reserves, mainly in the foum of body fat, a‘re:..'mebilized to provide the energy and to
cover requirements. This mechanism resul‘eééﬁn an increase in NEFA, and a decrease
in insulin and IGF-1 and theless of body condltt(l}q In our study, there was no effect
of a dietary supplement of - carotene on m111<T;0te1n content which is consistent with
previous work (Rakss et al.; 1985) Recently, de Ondarza et al. (2009) also reported
that a supplement of B-carotene had no effect on milk protem and SCC but did

increase milk fat compared to non- supplemented cows. Hino et al _(1993) found, in an
in vitro study, that B-carotene plus a-tocopherol inereased the growth of cellulolytic
bacteria cultured in fat-supplemented media and increased ceéllulose digestion. The
increase in fibre digestion in the rumen maylexplain why milk fat increased after f3-
carotene supplementation. Another possibility is 'that f-carotene supplementation is
associated with altered rumen bio-hydrogenation as has been observed for another
antioxidant, vitamin E (Bell et al., 2006). A supplement of vitamin E when given with
a linseed supplement(rich"in C18:3n-3) altered rumen bioshydrogenation and resulted
in an increase in the production ‘of vaccenic acid (trans-11 C18:1) and a*decrease in
the production of trans-10 C18:1 in the rumen (Pottier et al., 2006). Since trans-10
C18:1 has been associated with milk fat depression (Bauman and Griinari, 2001) this

may explain why a dietary antioxidant supplement can in some situations increase
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milk fat level. A potentially interesting effect of B-carotene supplementation could be
to increase rumenic acid in milk since vaccenic acid is its precursor in the mammary
gland. It has been shown that rumenic acid is able to reduce the incidence and the
growth of tumours, prevent diabetes and atherosclerosis and enhance immune
function (Belury, 2002). In the present studys although the blood concentrations of -
carotene postpartum were different between treaiments the BC cows were no longer
receiving the dictary=B=carotene supplement-thereforevit is unlikely that ruminal
microbe growth and eellulolytic bacteria function would be affected. In the studies
where the supplement of <carotene increased milk produetion, cows also received p-
carotene during the postpartum period (Are’chiga et al., 1998, Oldhan et al., 1991, de
Ondarza et al., 2009). : i

B-carotene functiOI{s as aIL alntioxidant and may enhance immunity.
This role is of integest in the fight against infection. Several studies have been
conducted to determine the/effect of B—céir_ptene on cow immunity or udder health
(Chawla and Kaur, 2004, Oldhan ‘et al., 'I'QQI;LLeBlance et al., 2004, Spears and
Weiss, 2008). Some studies showed positi\}'e _Iéffects on udder health while others did
not. Somatic cell countin cow-milk has been pseq, as an indicator of udder health and
milk quality and can be related to-the response of cellular immunity to pathogens.
Rakes et al. (1985), for 'exarnple showed" that -a “daily supplement of 300 mg B-

carotene lowered SCC in milk. Others reported that the mmdeqce_of clinical mastitis

was lower jlf B-carotene supplemented compared to nor;_s,upplemented COWS
(Kawashima et al., 2009b). We, however, found no effect (;f a supplement of f-
carotene on SCC! Although in the present experiment B-caroténe remained higher in
BC cows compared tesC cows postpartumiieven though the supplementation was
stopped at calving, the difference was probably not large enough to atféct SCC. Other
studiesshave shown that B-carotene was ineffective in lowering somatic cell numbers
and protecting against mastitis (Bindas et al., 1984a’b, ©ldhan et al., 1991, LieBlance et
al ;2004).

Thepresent study showed that'a dietary supplement of f-carotene 1n a puritied
form given to dairy cows can escape degradation in the rumen and increase

circulating concentrations in dairy cows.
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Although in the literature B-carotene has been shown to have specific effects
on metabolism and production in dairy cows the parameters that we measured in the
present experiment were unable to shed light on the physiological functions that

require B-carotene. Although the f-carote pplement was stopped the day of

calving, blood concentratior i ned higl treated cows compared to the

controls during the postpartum p . There" was™no ﬁect of B-carotene on milk
production and metabolis the supplement-wasstopped.

]

¥
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increasﬂheir [-carotene status, 2) &ncrease the amount of B-carotene in colostrum, 3)
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allocated to one of two dietary treatments: a control diet (C, n=20) or the same diet

plus 1 g B-carotene/cow/d (BC, n=20) starting on the day of drying-off. The B-

carotene supplement was given individually to the cows throughout the dry period.
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From week 2 after the start of supplementation, blood concentrations of B-carotene

were higher in BC compared to C cows (P<0.0001).

The B-carotene concentrations of colesttum were higher in BC than in C cows
(3.10 = 0.23 mg/L vs.1.44 + 0.24 mg/L; P<0.001): Colostrum production was not
different between groups (BC, 11.11 £ 1.21 kg'vs«€, 10.05 £ 2.25 kg). The content of
immunoglobulin Gwineolostrum was not affected by treatment (BC, 82.65 +
8.79 mg/mL vs. €;79.32 £9.02 mg/mL). Blood concentrations of B-carotene in
calves at birth wesefunatfected by treatment (BC, 1.16"'+.0.21 mg/L vs. C, 1.27 £
0.24 mg/L). A supplement of [-carotene .Igiven during the dry period to dairy cows did
not affect metabolite and metabolic, hor@m concentrations and enzyme activities in
newborn calves. The results of tliis; studi ilndicate that a dietary supplement of B-
carotene given 1n latesgestation was able to inerease -carotene concentrations in dam
blood and in colostrum but was unable to i{igrease colostral IgG. In addition, hormone
and metabolite status and enzyme activities‘ﬁnthe.‘neonatal calf were also unaffected.

(14 ¥ I
4.3.2 Introduction :

" l'.! 7' ; . . . .
The natural precutSor for vitamin A (retinol).in ruminants is B-carotene.

Several studies® have shown the importance of B-carotene, 4n- its own right, on

reproduction, ijfhmune function and health in the cow and calf lMichal et al., 1994,
Kume and Toharmat, 2001). The majority of raw materials us:'ed to feed dairy cows
are very poor sources of B-carotene (Noziére et al., 2006). In addition, plasma
concentrations of B-carotene have been shown'to decrease in dairy cows during the
pre-paftum period (Kawashima et al., 2009%); This may be due to théjtransfer of B-
carotene ;from blood to colostrum or to the foetus. However, in many species liver
stores of vitamin A are very low at birth. Therefore,.the transfer of vitamim Ar and -
carotene toscolostrum: and, its' intake shortly ‘after birth could be fundamental in
providing adequate "vitamin A and B-carotene to the neonate™The ‘importance of
immunoglobulin G (IgG) levels in colostrum for calf health is well recognized (Kume
and Toharmat, 2001). However, little information on the possible effect of B-carotene

supplementation to dairy cows on colostral IgG concentration is available. Various
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studies have been conducted to study the effect of supplements of various
antioxidants, including B-carotene, on cow health during the peripartum period
(Chawla and Kaur, 2004, Spears and Weiss, 2008).

To date there has been little researchi

the possible effects of a supplement
of B-carotene during late pregnancy on { birth. In new born calves there

are great morphological and fur : and Hammon, 2000) and there

cortisol, insulin-h hefaetor- 1 o]y y -esterified fatty acids
(NEFA), B-hydrox ein. The changes in these
activity is a use - monj _status anges in the enzyme
activities of: famy nsferase (y-C rtate otransferase (ASAT),
alkaline phospha ' or _‘ i ) are associated with liver, heart

and skeletal functig

The objective tigate whether a dietary
supplement of B-carote period to dairy cows was able to 1)
increase their B-carote [B-carotene in colostrum, 3)
increase the concentration :f: and 4) modify metabolic hormone
(cortisol, 1nsu11n IGE-1), %ﬂeyﬁ%'dé -GT, CK), and metabolite

(glucose, N
birth. N

] - |
4.3.3 Materialsld methods

4.3.3.1 Animals and management

AREINENING0L.....

AN INGAE

Blood samples were obtained at -8, -6, -4, -2 weeks before and on the day of calving

by caudal venipuncture before the morning feed. Cows were moved to the calving pen
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one month before the expected calving date. Ease of calving was noted on a 0 to 2
scale (where 0 = no assistance to 2 = requiring heavy traction, Jacobsen et al., 2000).

The cows were filmed during calving by four cameras. The time required for the

erno-abdominal position was noted and
1 &l/al temperature was measured at
birth. Immediately after ad change M a jugular blood sample was

taken and its live weight measured. TH!total -amount of colostrum produced by each

COW Wwas recor e of 201 Cc um was collected. The

calves to move from the lying

used as an indicator of ca

concentrations o easured as described
previously (Schwei ] Sis : erformed after one-step
' ssay system using a
carotene photom i i0Analy j . The blood samples

obtained from ce 1 - for 10 min. Plasma and

4.3.3.3 Blood meta
o= - >
Plasma samples were a / etric methods for glucose (Glucose-
AT
RTU®, BioMeérieux, Lydﬁ':-?f'gnﬁéil\IE “A/(NEFA C®, Wako Chemicals, Neuss,
Germany), urea ca-kit S®, BioMeérieux, Lyon, France), Bl B+(3-hydroxybutyrate

dehydrogenase,#  Roche Diagnostic y ‘* ofein  (Protein-kit®,

BioM¢érieux SAH yon, Franc ) -] i®, ioMérieux SA, Lyon,
France), and creatinine (Creatinine cinetique, BioMérieux® SA). Inter-assay
coefficients of variati ere 4.3 % at 3.47 /1, 12.65 % at 0.31 ol/l, 8.3 % at
2.99 ﬁ‘olu. 0 a:@;?qoﬁ;llw z%jl{%é‘ %jlﬁ.}/oﬁﬁ g/l and 2.2 %

at 35%@ g/l for glucose, NEFA, urea, BHB, protein, albumin and -creatinine

HIAINTNRINGIA Y

.3.3.4 Cortisol

Plasma cortisol was measured on an Elecsys 2010 immunoanalyser system

(Roche Diagnostics, Meylan, France) using the Roche Cobas cortisol assay according
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to the manufacturer’s instructions. The inter-assay coefficient of variation was 0.33 %

at 389 nmol/l.

The quantity of IgG in colostrum

4.3.3.5 Immunoglobulin G (Ig

usmg Bovine IgG ELISA
Quantitation kit (Bethy foties, as conducted according
to the manufac ctions using sta mm 7.8 to 500 ng/ml of
Bovine IgG. The infra-assa i\§\

ys espectively based on

-Yvette, France) and
human recombinant GF-1 ’- Bio [ ational, Gif-sur-Yvette,
France). IGF-BPs instructions. Intra-assay

coefficients of variati /I'and 3.8 % at 57.45 ng/ml for

]
termined using the

Enzyme activiti ere %
commercial kits (BloMerleux Lyon France): Enzyline® Standardised PAL for

alkaline  phosphat 11ne® Stadardised ASAT/GOT for aspartate
S DTS RS
Optlml@ CK NAC for creatlmne kinase. These enzymes activities were determined

kinetically at 37 °C (COBAS M

JH5tNNIAINYAY

4.3.4 Statistical analysis

Statistical analysis was performed either by ANOVA using a general linear

model or with the MIXED procedure of the SAS Software for repeated measures,
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including a random female effect. Results are presented as LSmeans + standard error

of the mean (SEM). Significant differences are reported at P<0.05.

4.3.5 Results ' , /
Measurements_ma de"in. cc ows and ca y of calving are shown in
Table 11. Treatment had no effect on the ostrum produced at first

rotene was increased
‘*- oncentrations were not
in calves at birth were

""s

0.24 mg/L). Calf live

unaffected by treatment.

milking after calving. ge'concentration
(P<0.001) in the BE pared -s\ 0
different between gi o Liconcen atl \
unaffected by treatment (B 1 : 7
weight, body te i \

Plasma concentrations ‘ r ohfe—' -' NEFA HB, urea, creatinine,
albumin and protgin), hor es (ﬁ oL/AGF-1 and \ and enzyme activities
A @QE a -glutamyl  transferase and
creatinine kinase) were not influ ?_ J tfeatinent \‘ e 11).

The birth weig “'Eg. ser than female calves (P=0.02).
There was an effect of calf g ;.c'zm he-c@

Lb /A0
at birth, males had higher ¢ ,'n han/fer able 12).

(alkaline phosphatas

ntrations of plasma glucose (P=0.03)

£)
4.3.6 Discus s : 1"“

The resﬂs of the present study showed that plas:g concentrations of f-
carotene decrease(f (ﬁlg the dry perlodﬁﬂmllar results have been previously

publ u.ﬁa’a\ w Qﬂ g;ja 2007 and
Kawa a et al., 2009%) a supplement of B-carotene. This finding may be explained,

in part, by the transfer of Bfarotene from the, blood to colostfumi since

q AR INITRE TR E
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Table 11 Differences in colostrum characteristics, calf measurements and plasma
metabolite, enzyme and hormone concentrations measured on the day of calving in

calves from Holstein cows which had received either a control diet or a control diet

P-value

Colostrum
Quantity (kg) 0.54
[B-carotene (mg <0.001
IgG (mg/mL) 0.79

Calf ’ o
Live weight (k C1 A 3 0.34
Temperature 2y ] 5 ' 2 0.99
Blood B-carotene Qrld mds \ = ‘ 0.75
Calving ease (s / 0.19
Vitality (min) \ 0.18

N

Calf plasma e
Glucose (mmol/L) , ; D 3= 4.88 + 0.44 0.75
NEFA (mmol/L) 0:64°5°0. d ).64 + 0.06 0.96
BHB (mmol/L) 0Z3XED.06 — _0.324+0.05 0.23
Urea (mmol/L) ; 07 +0.37 0.78
Cortisol ( 0.31
IGF-1 (ng/mk L ] —— 0.56
Insulin (p ‘— """""" " 0.45
ALP (pkat/I)" = - 0.32
ASAT (ukat/L)) 0. om 0.61
yGT (ukat/L) 123+ 0.0 125+0.0 0.42
CK (pkat/L) ) 441+1.75 3.29+1.57 0.62
Creatlnlne (umoli).ﬁ 240 53+ 17 02 ﬁJ‘ 261.49 +£15.28 0.36
Albun 32. ) D . . 0.17

0.97

ALP = alkalme phosphatase, ASAT = aspartate aminotransferase, yGT = f-glutamyl

RN RTINS AR e
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Table 12 The effect of sex on some blood parameters measured in newborn calves

(LSMeans = SEM).

Female P value

Live weight (kg) 0.02
Glucose (mmol/L) 0.03
NEFA (mmol/L) 0.76
BHB (mmol/L) 0.65
Urea (mmol/L) 0.97
Cortisol (nmol 0.2
IGF-1 (ng/mL) 0.92
Insulin (pmol/ 0.93
NEFA = non-esterified fat l &5 B a- butyrate, IGF-1 = insulin-like

growth factor-1.

However, Wise et
J J
concentratlo decreased 1nc!51’);§ ch ha

mammectomy: Fherefore, there woulc Situs ¢ no synthesis of colostrum.

LY

eported that circulating [-carotene

alved and had undergone a

Very little in ne transport into

mammary secreﬂ‘ns is ava B aroteﬁnto vitamin A by the
mammary gland may occur (Schweigert and Eisele, 1990) addition, it is known
that d % matter 1nta§e déereases before calV1 d therefore the amount of B-carotene

e o o o

expernﬁnt th1s was not the case since the cows ate all the diet offered and the supply

eate

of B-carotene in the two diets was gactlcally the sameus,

CNAMA AR RN A N e ﬁ
calving is that B-carotene is transported to the foetus during the period of exponential

foetal growth. A supplement of 1 g/cow/d of B-carotene increased cow blood and

colostral B-carotene concentrations but did not modify calf blood B-carotene at birth.

Similar results have been obtained in other species such as the horse (Gay et al.,
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2004). The epitheliochorial placenta does not allow easy transfer of fat-soluble
vitamins from the dam to the foetus. This finding was in agreement with Kume and
Toharmat (2001) who reported that placental transfer of B-carotene to the calf is very
low and they concluded from their study thatlow plasma p-carotene 6 days after birth,
which resulted from the ingestion of low celostral B-carotene levels was associated
with an increased risk of producing low dry imatter faeces or having diarrhoea.
Although we did net-measure placental transfer of B=carotene it could be inferred
from our data that'it was _net possible to increase transfer by giving a B-carotene
supplement to the dam.

Although cagetenoids are known io have an immunostimulatory action (Chew,
1993), this may not be functional in the newborn calf since its immune system is
immature. Therefore, the'role of Vitarnin 5_. nllay be more important than B-carotene in
protecting the newbern galf ‘through -its| ability to maintain epithelium integrity,
creating a barrier {0 bacterial and viral infégtion. Under our experimental conditions,
there was no effect of'a dietaty supplement-'ef =carotene given to dairy cows during
the dry period on colostral [gG content. It hallsf been reported in an in vitro study, that
[-carotene enhances mltogen induced lymphcpyte llgrohferatlon (Bendich and Shapiro,
1986). Likewise, some researchers have reﬁt“ed that B-carotene enhanced bovine
blood and mammary gland phagocytic cell kill ability (Chew, 1993) The mechanisms

by which [-carotene or carotenoids regulate 1mmumty are Mot fully understood.

Concerning the colostral IgG content in our study regardless of the effect of a
supplement, we found that the average colostral IgG concentrations were higher than
in previous studies; 51.7 g/L (Gulliksen et al., 2008), 76 g/L"(Maunsell et al., 1999)
and 65.8 g/L (Quigleyset al., 1994). It i§ generally accepted that a minimum
concentration of 50 g/L of 1gG in colostrum is required.to ensure adequate protection

of the calf (Gulliksen et'al., 2008).

Thé-enly *natural” soutee of vitamin A in ruminants iis through the.eleavage of
B-carotene “into vitamin A*during; absorption by'enterocytes ‘and to ‘a much™lesser
extent metabolism in the liver (Debier and Larondelle, 2005). Even if placental
transport of B-carotene occurred, the calf would not be able to synthesize vitamin A

from it since B-carotene needs to be absorbed to be cleaved. Therefore, in order to
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ensure sufficient vitamin A (B-carotene) supply, colostrum must contain adequate
amounts of PB-carotene and its absorption by enterocytes is primordial in calves.
However, more research is necessary on this topic because conflicting information
exists in the literature as to the ability ofipre-ruminant calves to convert oral B-
carotene to vitamin A. Hoppe et al. (1996) showed that calves were able to convert -
carotene to vitamin A and they estimated that:€onversion was as efficient as that seen
in adult ruminantsyewhile~Nonnecke' et al-(1999)=were unable to show that
supplemental oral'B-carotcne given to calves increased circulating vitamin A
concentrations. In additiongPoor et al. (1992) showed that there existed, in their study,
animals for which witamin A concent'tations did not respond to the B-carotene
supplement. This has also been obs_e;rved:_in humans (Dimitrov et al., 1988). However,
the latter two expegiments were oniy;condﬁd'c‘[led with single oral doses of -carotene.
In the present study, there 'was no:positive effect of dietary [-carotene
supplement given to the dairy cows durin,c:; the dry period on calf birth weight, rectal
temperature, ease of calving ‘and Vitality'.-'-*The.' enzyme activities and metabolites
measured to assess liver and Kidney func_gl’on at birth were not affected by the

supplement, which is loglcal in_view of, the facl}! ,that we were unable to increase

i |

placental B-carotene transport to-the foetus by-glvmg a dietary B-carotene supplement
to the dam during the last twermonths of gestatlon-Colostrum is the main source of f3-

carotene in calves due to apparent poor placental transport.

Satisﬁag_tbry supply of B-carotene (vitamin A) to the nevs;i_)grn calf requires the
ingestion of adequate amounts of colostrum which is rich in B-:éarotene. Additionally,
colostrum appears to be the most important source of hormones, nutrients and other
factors that influence the morphological and{functional changes observed in the new
born calf (Blum ‘and Hammon, 2000, Blum, 2006). However, the effects of B-carotene
supplementation on such parameters in colostrum were not measured in this study.

We observed a gender effect on birth weight==Male calves were heavier than
female calves: It*haslong"been recognized that the'gender of @ calf influences birth
weigh (Holland and’ Odd, "1992). "The weight difference between genders at birth is
related to androgenic hormone production. Androgen production in the male foetus
exceeds that of the female foetus resulting in higher weights at birth (Holland and
Odde, 1992).
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Findings from this study showed that a dietary supplement of B-carotene given
to dry dairy cows increased B-carotene concentrations in both their blood and

colostrum. However, the B-carotene status of the newborn calf was not improved

suggesting that placental transfer as low. Colostrum appears to be the
main source of -carotene : is suggests that satisfactory supply
of B-carotene (vitamin A) to the ca quires the ingestion of adequate
amounts of colostrun ich-is rich in B-carotenesSupplementation of B-carotene

during the dry period did not ( | IgG ormone and metabolite

concentrations an

AULININTNEINS
ARIANTAUNNIINGIAY



CHAPTER V

GENERAL DISCUSSION AND CONCLUSIONS

In Thailand, heat stress is one of the main problems that affect reproductive
performance in dairy cows (Aiumlamai, 2007 Suadsong et al., 2008). The
mechanisms by which+heat stress affeet reproduction-are not fully understood (De
Rensis and Scramuzzi, 2003).Atempts have been made and several studies have been
conducted to gain mere knewledge on, arld eliminate or, at least, alleviate the effect of
heat stress on reproductive performance i'h dairy cows (Rodtian et al., 1996, Virakul et
al., 2001, Pongpiachan etjal, 20(_)3a’b, :Ko,,mmatitsuk et al., 2008,). However, the
additional knowledge related to -heat st;g;sls and reproduction in dairy cows still
requires further studies. There are no retrospective studies which consider the data
across the countryito determine the effect ',é)j heat stress on reproductive performance
in dairy cows in Thailand; Although there'-fra’ve‘;been reports that THI remains high
throughout the year; the experiments mentiggéd above were mostly designed to study
and compare reproductive performance at partr_cu}'c}r time periods. Additionally, heat
stress causes a great change i metabolism eépemally in the peripartum period. It has
been reported in stressed Cows that high pr(ﬂiuct-ron “of oxygen- -derived free radicals

occurrs (Chawla and Kaur, 2004). This change occurs before _thej,expected time for

breeding and_,rf{éy subsequently affect reproduction (Padilla et -._a_l-., 2006). Thus, the
studies in this thesis were designed, to investigate the effects of heat stress by
classifying heat*stress by region and month of calving (MOC) on reproductive
performance using registered data, to investigate the effect of heat stress on
reproductive performance in| first lactation cows throughout theyear, and to
investigate the effect of a dietary supplement of [-carotene on reproductive

performance in dairy cows.
5.1 Effect of region and MOC on DO in dairy cow: a retrospective study

The results from this study showed that there were regional variations in

climatic conditions among regions in this study; Central, Eastern, Northeastern, and
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Northern regions. In the Northern region, mean THI was lower than the other regions.
Also, the length of DO in dairy cows in the North was lower than that in the other
regions. This finding indicates that high THI affects reproductive performance in
dairy cows. The highest frequency of calving was found in September and October
and the lowest frequency of calving was jobserved from December to February.
Calving during these periods corresponds tosinsemination success in December and
January and from April-to-June respectively: Considering together with the THI,
minimum THI values were obscived in| December and January while, December and
January were the.eoolestemonths of tlhe year. In addition, Cows that calved in
February had the longest length of DO'],compared to cows that calved in the other
months. The time for rebreeding in cow:s calving in February is about in April and
May when the suceess rate of inseininatiolg \;ms low and probably due to high THI as
mentioned above. This finding is/in agreement with previous reports which showed a
marked decrease in conception rates ég,ring the hot season (De Rensis and
Scaramuzzi, 2003; Gareia-Ispierto et al 200:?_.). To achieve the economic reproductive
cycle in dairy cattle'in Thailand, the ﬁndiﬁé_g.f@om this study lead to the suggestions
that dairy cows especially replacement heifers_, _s_}_i(jq,ld be inseminated from November
to February to calve from Aligust to Noveﬁg-%r? _fAdditionally, utilization of proper
cooling systems, which miay be: modiﬁed;t-f)’?T;ei suitable for different regions, to

alleviate the effect of heat stress should be recommended. Thesq;st_rjategies may useful

to reduce day_s;c;pen and improve dairy farming profitability in f}._lg-iland.

It has been reported that heat stress affects milk producti'on (Igono et al. 1992).
The variations among MOC may not only affect reproductive performance thhrough
mean DO but also viasmilk yield. Cows cal¥ing at an improper time of the year for
example in hot months may suffer frome heatistress or insutficient or low quality feed
supply sleading to decreas milk 'yield. The study to test this hypothesis is needed.
Additionally, the study on the effects of heat stress=on follicular development and
postpartumsgiterine  involutionr would be' of interest! Further studies ¢ improve
conception rate in"hot months for example, by the utilization of hormonal ‘intervention

together with cooling system may benefit to the farmers.



114

5.2 Effect of heat stress on ovarian function, plasma metabolites and embryonic

loss in first lactation cows

In this study the degree of heat stress were classified by the THI value as
described by Armstrong (1994). The proportion of €ows with normal ovarian activity
that calved in the mild-stress'months was higher than-that which calved in the severe
stress months. However, other parameters; interval from ealving to first ovulation,
interval from calviag to fisst Al DO, first service conception rate were not different
between the MS and'SS groups. Also, .'body weight, BCS, blood concentrations of
NEFA, IGF-1 and cortisol were unaffected by heat stress. The lack of a detrimental
effect of heat stress'on reproductlon in this s study may be due to the fact that a cooling
system was employed in the farm where the study was conducted especially during
the hot season of the year when the handlfr;g of cooling cows was more intensive. It
has been reported that coeoling the cows 'ilﬁpro.Ved their reproductive performance
(Ryan and Boland, 1992). Additionally, th_g.* nutritional status of the experimental
animals in this farm was good Body weight, B(_JS ,P.-nd blood concentrations of NEFA,
insulin, IGF-1 and cortisol in this-study fall ﬁth_ in the acceptable ranges. The cooling
system together with good nufritional management may 1mprove the effect of heat

stress in this study. The effects of heat stress on the frequency qf embryonic mortality

were also not §bserved in this study. The explanation for this ﬁ;r;ding is the same as
mentioned above or the lack of difference in frequency of EM :may be due to the fact
that the conditions induced by MS were detrimental to embryonic development and
were negative enough tosinduce a rise in the fiequency of EM.

To “date, ‘therc has' been no studies: to /calculate al the heat stress index
specifigially for dairy cows in Thailand. The studies conducted in Thailand, used the
temperature and humidity indices #which were formulated from studies conducted in
forcign contiles, This may'not'suitabie for the ‘conditions in Thailand whete several
factors are different for example milk“yield and breed."The severity of the'respotise to
the particular level of heat load may different between high producing dairy cows,
with generally higher metabolic heat increment, and low producing dairy cows, with

generally lower metabolic heat increment. Heat stress is one of the main problems that
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farmers in Thailand are facing to. Because of the climate change, global warming, the
impact of this problem is likely to increase in dairy farming. How to reduce/alleviate
the impact of heat stress to acheive the good reproducteve performance is the subject

for the future research.

5.3 Effect of a dietary supplement of B-carotcne on reproductive and productive

performance in dairy cows and on their calves” health status

The relatienship Jbetween [-carotene and reproduction, production and
immunity in dairy cews has long been irlvestigated. However, the studies so far have
produced different findings and the mechanisms by which -carotene could function
on these parameters are not fully .clear lBindas et al, 1984*° Rake et al., 1985,
Akordor et al., 19864Wang et al; 1986, Afikah and Rodway, 2000). The importance
of B-carotene on the health status of neonatal calf has also been reported (Kume and
Toharmat, 2000). However, lif:tle;informat-i';)iii on the possible effect of a B-carotene
supplementation given to dairy-reows on églf_health status at birth is available.
Therefore, in an effort to resolve conﬂictinér 'ééi{ibnce concerning the effects of -
carotene supplementation of. dairy cows ﬁn:ng the dry period on health and
reproduction-and to inves‘zi:g:e)t‘-[t:: the possible BN i, stats at birth, the
studies in thig tHESIS Wk eSHIAC e :

In agreement with the other studies, we found that supplementation with -
carotene during the dry period increased blood concentrations of B-carotene in dairy
cows (Kawashima et al., 2009b) above the recommended level of 3 mg/L (Frye et al,
1991)#They length jofsthe jnterval fremscalving;toyfirstjovulation, ovarian activity,
progesterone{productiofy were not affected by [B-cartotene supplementation in this
study.

Uterine involution=as judgedsby theychanges, inquterineghorn and cervical
diameters was not different between groups. Theabsence of f-carotene effect is in
agreement with Wang et al. (1998) but contrasts with Rakes et al. (1985).

Collagen is a fibrous protein whose molecule consists of three polypeptide
chains which contain significant amounts of the amino acids; glycine, proline and

hydroxyproline (Sarges et al., 1998). Collagen degradation releases glycine and
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hydroxylproline in blood. Hydroxyproline is not found in feed stuff and is unique to
collagen and can be used as an indicator of the speed and completeness of the uterine
involution (Abribat et al., 1992). In this study we found that dietary supplement of 3-
carotene had a positive effect on an indictor of uterine involution by increasing blood
concentrations of hydroxyproline.

We found in this study that the percentage of PMN in the uterus and cervix
was lower in cows supplemented With [-carotene compared to controls. The
difference between groups.n blood concentrations of -carotene was observed until
the second week postpartum. Fhis difference may explain the lower numbers of PMN
in the uterus and ceavix during the spontalleous recovery period.

Milk production, g€irgulating ho‘impnes (insulin, IGF-1) and metabolites
(glucose, NEFA urea) and milk composition (milk protein, milk fat, milk urea and
SCC) were unaffected by the supplemen%}ti(fﬁ of B-carotene during the dry period.
The absence of the effeet of supplementation of 3-carotene on these parameters may
be due to the fact that the supplementatlon was sjcopped at calving. The concentrations

of blood B-carotene during the postpartum pérmd were not large enough to influence

on these parameter. While. supplementatlon OF"B carotene during the dry period

modified dam blood concenirations of B-car(:)t_.e:q_e, blood concentrations of B-carotene

in calves at biﬁh were unaffected. This was in agreement with-previous reports and
indicated that pflaceﬁmi—transferoi—ﬁwﬁeﬁeﬁmte%ﬁéumeand Toharmat, 2001).
Since the blood.goncentrations of [-carotene in calves at birth -Were not different
between groups, B-carotene could not modify enzyme activities, blood concentrations
of hormones, metabolites in the neonatal calves. However, supplementation of [3-
carotene of dairy cows during the dry period increased B-caroteng concentrations in
colostrum. The suggestion from"this study 1S that satisfactory 'supply” of p-carotene
(vitamin A) to the newborn calfirequires the ingestion of adequate amounts of
colostrum which'is rich in“B-carotene!

In this study we found the positive effects of supplementation of B-carotenie on
the indicator of uterine involution (hydroxyproline) and on the clearance of PMN in

postpartum cows. However, we used a small number of animals. Therefore, the
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further study conducting in a large, controlled, multi-location study is needed in order
to test robustness of out finding.

To date, there has been no study on the effects of a dietary supplement of [3-
carotene on productive or reproducti ce in dairy cows in Thailand. Dairy
cows in Thailand are exposed 0 hea 7 hroughout the year. It has been

i e 7| 1 u‘é Wicals was drastic increased

(Padilla et al., 2006): 'qme the blood B-carotene

status in dairy c i ndition \% oveall picture of (-
1 d 1

carotene conce

in tionwould be usefull to
N

AN
design furthure e | betw rotene and reproductive
or productive perfo Hai' ondit

.——%

from a retrospective s indi :-: 1t 4 ."""; eption rate in the period with high

iy e —

THI was low. The strategies leejmfgmi_ng ¢ the eows to calve at the proper time should
l_“:llr,ﬂ'.__ ;,-" Lo o -;r' 4" o
be considered.by farmers an'a'd’é'ii"}f cow prod measures such as

3 of method used need
to be adapted so as to be suitab ning conditions.

Supplementation of [B-carotene during the dry period in dairy cows may

improyes uterine IH:2:11 since higher, bloo trati of hydroxyproline and
loweﬁ’fﬁr un 'n%i 1 a teri ewgnl};]ﬂ d oﬁntrols. In this

thesis,% study on the effect of dietary supplement of 3-carotene was conducted in

| AN,

9

dairy cows. The research to determine the beneficial effect of P-carotene on

reproduction under climate condition in Thailand is warranted.
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