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Seasonal Yariations in Hematological Values of High-and
Average-yielding Holstein Cattle in Semi-arid Environment

F.IN, EF-Nouty, A.A. Al-Haidary, and M.5, Salah
Animal Frodustion Deparomenr, Coftege af Agricaluee, King Saud Dadveiey, Rivadh,
Secl] Arwiia

Abstruct. A tatal of thirty cows divided [mo two eguel groups were ssed in the cxperment, Daring each
st fifleen non-peegnuns Holnein cows. including & dev cows, 5 higheyleldess and 5 wnerage-yvielders,
were used o stady the effects of senson of the year and miking tibersity on blood eellular and nea-cellular
cemstitmeas. The rise in Temperature-Humbdity Index from 6.6 in wimer 10 B1.% in sammer s
nssocinted with o 25% deckne in the milk produrtion of t8e high-yielding cows, Heol summer also resulted
Inasignificast reduction n blood hemagolin (Hih, packed cell vobeme (PO, mesn cell volume (MOV)
il mzan cell hemoghobin {MOH] values, but had oo sipniBeuns effees an rod blood cell (RBCH counts,
mieih gl bemuglobin concentration (MCHC), white bleod cell (WEC) counss and serum proteiss,

Lactuting cow: had liwer Hb, POV, MOV, MUCH total prosein { TP} wnd ghobealin [£3) comgaenad with
Ary cemen, Among the two lctatng grougs, the high-yielder had dgeificantiy lower TP and Gand signafic-
untly Sdgher | compired with the averige-yiclders. The slgnificamt inberactions berween scasn and peo-
dectivity revesbedd it lactating cows had significantly highes albumin (A ) than the dry cmes during sum-
e, st shemoed an opposite trend during winter. High - yielderns: bad higher WHBC cosnts aped ks TP
aind Ciim sammer compared with wintor mdicating thedr stigmazpdibility 1o high envimonmenial \empemeure
ermpared with average-yielding o

Tuiroduction

The numbess of specialized dairy farms in Soudi Arabia increased considerably dir-
ing this decade. Stutistics released by the Ministry of Agriculture snd Water [1] indi-
cated that the relative incresse in the numbers af specialized dairy farms, cows and
miilk production during 1981 - 1986 were 735, 104%, 172% , respectively. The breed
of dairy cattle ralsed in most of these farms is the exotic tempernte-gvolved Holstein
cows. The environmental lemperature prevailing in the country remaing above the
sermoneutral temperature of lactating Holstein {21°C) forat least B months of the
year,
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Lactation and environmental conditions, mainly seasonal varistions in air tem-
perature, are considered fo be physiclogical stressors which affect the animal’s
biological system. Both stressors are known 1o exer! significant influence on blood
hematological characteristics of dairy cuttle [2-4]. In this regard, high milk yielders
may he more affected than anfmals with low potential for milk prodoction or dry
cows [2,5,6, pp 3-18]. Therefore, this study was conducted to evaluate the effect of
hot sunimer and moderate winter seagons of blood cellular and non-cellulir con-
stituents of high - yiclding . average - vielding and dry Hobstein cows.

Maierials and Methods

This stwdy was conducted et Al-Khar Agriculture Project, Al-Hassa Irnigation
and Dirainage Authority, Ministry of Agriculture and Water during the summer of
1987 and the winter of 1988, A total of thirty covs divided into two equal groups were
used in the experiment. During each season, 15 non-pregnant Holstein cows includ:
ing 5 dry cows, 5 high-yielding and 5 average-yiclding, were chosen to be used in the
experiment. Average daily milk yield of the high - yielding cows during the EXpCri-
mental perinds were 24.1+0.45 and 33.520.77 kg/day during summer and winter
seasons, respectively, The comesponding values for the averape-yielding cows were
19.240.41 and 1842066 kp'day, The snimals bod an average body weight of
6996974 k. All the lactating cows were in their thind to feerth lactations and were
matehed for stage of lactation (60-110 days) and general body conformation.

Animals were housed in an open shaded barm and water was available at all
times in drinking basin. They were fied aceording to the standard regime practiced in
the farm on commercially farmulated dairy concentrates (13.4% digestible protein
and T2% total digestible nutrients) and roughage. The roughage was provided od
fibvieurn and consisted of 0%, green fodder (Medicage satfva) and 20% alfalfa hay.
The concentrates mixture was offered to the animals sccording (o their actual
requirements and was given at 4.30 and 1530 hr. when the animabs were maching-
milkead.

. The experiment was staried insummer 1987 { Awgust) and lasted for two weeks.
The flest week was considered a5 a preliminary period and was followed by & one
week sxpenmental period. Diaily maximum and minimum smbient sir iemperatures
and retative humiditics were recorded during the & - day experimental period, Also
dry and we bulb temperatures were measured bwice a day et 9. 00 znd 16.00hr. Three
tlood samples were obtained from each animal every other day during the 6-day
period. Blood samples wers collected from the external Jugular vein using 10 ml vac-
utainer tubes and were placed immediately on ice. Ethylene dinmine-tetra-soetic
idd (EIYTA) was used as anticoagulant but, in part of sample, it was withheld to
obtain serum. Plasma or senim wis obtained by centrifugation of blood at 860 xg for
20 min, and wese stored at -20°C ontil analyzed.
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Whole blood was analyzed shortly after collection for hemoglobin (Hi), packed
cell vatlume (FCVY), red blood cell {RBC) counts and leucocyte {WEBC) counts. Total
pretein (TP} and albumin (A) were determined in stored serum, Blood Hb coneen-
tration was detcrmined using Drabkin’s reagent Hemotrol (hioMerieux, France).
RBC were counted on AC Bright line hemocytometer using a light microscope at 4500
» magnification. Blood samples were diluted 200 times with physiclogical saline
(0.9% godium chloride selution) before counting, WBC were counted on AC Bright
fine hemocytometer using a light microscope at 100 > magnification after diluting
bliood samples to 20 times with dilating floid that congisted of 1% acetic seid solution
and litthe of methyl viclet 2B [7, pp. 33-15]. Mean cell volume (MOV), mean cell
hemoglobin (MCH) and mean cell volume hemoglobin concentration (MCHC) were
calculated using the formulae proposed by Schalm [8]. Total serum proteins were
measured by the Biuret method as described by Armatrong and Carer [9] and albumin
{A) concentration was determined according to the method of Doumas et al, [10].
Globulin (G} concentration wos calculated as the ditference between TP and A, and
ASG ratio (AMG) was calculated. The previously described experimental protocol
was carried out again during February 1088 (winter season), using the other 15 non-
pregnant Holstein cows,

Drata were subjected 1o statistical analyses at King Saud University Compuater
Center aceording to Goodnight ar af, [11], The least-Squares Meam (LSMEANS)
procedure wis applied to the data. The following model was used:

Vo =+ 54 P+ P+ (SP) + ey,

where, ¥, . i Ist observation of the k th cow of the [ production level during the i
SOEIOn; u i the overall mean; S, is the effect of the i'" season (i=1 and 2); P is the
effect of the j" I.c.\'clnfpmmmmn {j=12and 3); SP‘ and C, {Sl‘ yare the interaction
effects, audch is the residual term. Overall simple correlation mcﬁ'lcmnla between
milk pmdmnmand hlood constitnents were alzo calenlated.

Since repeated messurements were taken on the same animal during 4 particu-
lar season, some assumptions of the analyses might have been violated. However the
separate analvees cartied oul for each day and for the pooled data showed smilar
pattern of significancy, therefore the analysis was made on the pooled dara,

Results und Discussion

Durring the experimental periods, the average maximum ambient air tempera-
tutes were 38, 7 and 24.2°C during summer and winter seasons, respectively. The oo
responding mvinimum values were 2007 and 12.1 °C. Average maximum relative
humidity was 48 8% during summer and 78.2 T during winter, with corresponding
minkmum values of 27.5 and 30,05, The calculsted Temperature-Homidity Index,
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THI[THI =T, + l}.SﬁTt + 41L.PC, where: T, = dry bulb temperature (°C) and
T-Ip = dew point temperature (°C) | was 81.9 during the summer period and 6.6 dur-
ing the winter period. This index is used throughout the world, especially in the hot-
ter regions of the warld, to generally characterize climatic effects on animal perfar-
mance, The upper critical THI for the high producing ramperate-evobved Holstein
cows, above which milk production deckines, was reported to be 72 [6, pp. 3-18]. In
the present study, the caboulated THI was above the upper eritical Emit during sum-
mer and below it during winier. This explains the 28% decline in the milk yicld of the
high producing cows during summer compared with winter (241 WS 33.5 kg/day).

The rise in ambient temperature during summer was associated with lower
hematological walues of the Holstein cows than those values during the moderate
winter seagon (Table 1). These seazonal varistions were significant for Hb, PCV
{p<ih.i1), MCV and MCH (p<-1.05] but net for RBC or MCHC values, The decline
in Hb and PCV with elevated ambient temperature during summer agrees with pre-
vious reports [2-4, 12-15}]. In the present study, heat induced depression of blood Hb
and PCV without any significant alterations in circulating erythrocytes. Some works
efs [4,16] verified the depression in bleod Hb and PCV of cattle subjected to elevated
ambicnt temperature to the hemodilation effect where more water is trunsported in
the circulatory system for evaporative cooling, Our data showed that the reduction
in Hb and POV in hot summer was mainly due 1o the significant decreass in both
MCY and MCH. sugpesting that the depresion is related to reduction in cellalur
oxygen requirements in erder te reduce metabolic heat load and, consequeatly, o
compensate for ¢levated environmental heat load [3].

The lactating cows had significantly lower blaod Hb, PCY (p=0.01) ard MCH
{p==0.05) when compared with dry cows. MOV was also lower in lactating cows, bui
the difference was statistically insignificant. RBC counts and MCHC were similar in’
the two groups (Table 1), The lactation-induced depression of blood Hib and POV
was reporied in cattle [2, 12, 17], and posts [18]. This decline in biood Hb and POV
was apparently due 1o the reduction in MCH and MCYV (Table 1) os a result of the
rise in mammary tissue requirements for milk synthesis and a concomitant rise in
tood Aow to the mammary gland, Among the two lactating groups, the high-yiel-
ders possessed higher (P=0.05) blood Hb compared with the average-yielders and
both had lower values than the dry cows (Table 1), Although lnctation affected bload
Hb concentrations in the present study, the correlation between milk yield and blood
Hby was not significant (r=0.22). Few studies were conducted on hematological
values of high and low-milk producing animals. Blum et al. [5] working with various
braeds of dalry cattle during a full lactation nated that Hb and PCV were not corre-
lated with milk yield. Meanwhile, EFMNouty e al. [2] in their study on Holstein cows
in Egypt reported that the high-yielder: had lower POV values than the low-yielders.
Thig discrepancy may be related to the degree of acclimatization andfor the differ-
ences in milk production level of the studied animals. The high Bood Hb observed



Sesemnal Varinsons im Hemoalogios! Vabues of .. 177

Tabde I,  Least square means and standerd srrors of bioed benstgbebin (Hb), packed cell solume (PCV),
red blood cell {RIBC) counts, swean cell valwmme (VY mvean coll essoghebin (MO H) and mean
cedl hamoglobin cosceniration IMCHC) as influenced by sesson snd milk pradoctivity in Hals-

It e,
Hb PCY HEC Mey MUH MUHC
B % M ixiimar’) L) i %)
[r— - " al ¥ ¥ e
a a [l L
Summer (Sal 45 S46E00E 2947EDIE SSSR008 S551tled 17802054 312052024
b h b ]
Winter (W) 45 I2EEDOE 31 A2E0IS §FRE00E GERE LG 10802050 32472028
Productivity(F) bk e m ns N ns
An An As
Dyl A 1059003 FLSAE0AT SAlt0 I SOESELOT TUXIEO6E 1351034
L h ak
HighiH} W Bss A0 FOTIR0IE SATH0I STITLI00 1B5BE06H 3256200
€ h b
Average(Al 30 DITH0NG FITHII T SIE01 LE022.00 17880460 314203
- B B B
Lagtaring(L) &0 9492008 29534026 5400.15 5666+ 140 1B.22+£0.47 32.20+0.17
Sxp ns i3 i s ns s
Civerall mean GEet006 05002 543003 SEOTELIE INTSEORE ER M0
¥ 5.5 552 nm 159,01 19,25 S.E3
R (Rl LA 0324 0,32 .35 LUE L

Mezns im dhe same oolumn within the sime effec: bearing different superscripis differ {p=0.05); small k1.
ter Are wsed 10 compare dry, high - anid sverage - veldens; capital betbers ani wed for comparing dey vens
lactuting cows.

* P=Os

" P DU0Y; e e nomsignificasl,
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in the high-preducing cows may be ascribed to their fast metabolic process necessary
for sustained milk production and respiratory enhancement, This view is supposted
by the slightly higher MCV and MCH observed in the high-producers. The correla-
tion cocfficients between milk yield and MOV and MCH were 0, 12 and (.14, respec-
tively.

Although WBC counts were not significantly affected by season or productivity,
least square means revealed that the high-yielders had significantly higher WBC
counts compared with the dry cows, The interaction between season and productiv-
ity exerted significant mfluence (P=20,01) on WBC counts (Table 2). Regardless of
productivity level, lactating animals in both seasons had higher WBC counts com-
pared with the dry ones, bul the differences were statistically insignificant. Similar



174

F.13, E-Nouty ot o
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observations were reported on dairy canle [2] sheep and goats [19], The lencocytosis
obsreved |n lactating animals can be attributed to their higher kevels of blood
glucocorticoids compared with the dry ones, since glucocorticoids are known (0
stimulate milk synthests and are released by the stressful response caused by milk
secretion [20,21].

During the summer season, WBC count in high-vielding cows was markedly
higheer than in the average ones, & situation which was reversed in winter, The reasun
for this, however, is unclear. 1t may be assumed that the rise in WBC counts in high-
yvickding group during summer is due o the combined stresaful effects of high milk
yield and high environmental temperature. Lee ef af. [3] reported a rise in WBC
counts of lactating Holstein from intermediste s the hot temperature-season. Mean-
while, the decling in WBC count in the high-vielding group during the winter season
compared with the average ones can be ascribed to the rise in WHC exeretion into the
milk as o comsegquence of the increase in blood flow o the mammary gland [22]. It
shoasld be stated that the high-vielding cows were producing 28% more milk in winter
than in summer, and that WBC counts were correlated negatively with milk yield (r—
—0.12}),

Season caused no significant effect on serum TFor varous profein fractions, bat
productivity sipnificantly (P=-0.01) influenced TP, G and ASG ratio. TP und G were
higher in dry cows than in the lactating ones, Accordingly AN ratio was higher in the
lnetating cows, but this increase was statistically insignificant, Amaong the two lactat-
ing groups. the high-yiclders possessed significantly lower TP and G {p<0.01}, and
higher AJG ratio (F=10,05) than the average-yielders { Table 2), The non-sipnificant
effect of season on serum proteins agrees with results by Rowlands ecal [17]. Onhe
other hand, several investigators reported a slight increase in serum TP during tem-
perature-seasom progression [4, 13]. This discrepancy may be ascribed o managerial
factors, e, studies involved range cattle versis stall-fed cattle, Tt would be logic 1o
asdinme that quality of the range may be affected by tempernture-season, The lacta-
tion-induced depression of se rum proteins was reported eardier for lactating Holstein
[23] This abserved decline in TP cin be pantly attributed to the lactation-induced
increase in total body water [24], blood volume [ 25] andior to the willization of serum
protein for milk biosynthesis. The above changes may be of greater magnitude in the
high - yielding cows causing further decline in TP and G when compared with the
average - yielders,

There were signilicant interactions {P<0.01} between season and prodectivity
on TP and the varions protein fractions, Lactating cows had significantly higher A
than the dry ones in summer, with an opposite trend in winter. This rise in bload A
of lactating cows during summer may be explained by their greater need for mainte-
nance of expanded extracellular thiid volome relative (o the dry cows. In winter, A
is secreted directly to the milk which is produced in high amount, resulting in low
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concentration of blood A in lactating cows. In summer, the high - yielders had lower
TF and (G compared with the average-yiekders. During the winter season both groups
had similar TP, but the high-yielding cows had higher A and lower G. These changes
can be attributed to the heat-induced depression of feed intake and the accompanied
alterations of water and hormonal balances.

In conclusion, the rise in THI above the upper eritical level for lactating Holstein
eows altered most blood cellular and non-cellular constituents. These alierations,
which were more pronounced in the high-yielding cows, included a rise in WBC
counts and a decling in TP and G, and resulted in a 28% decline in their milk yield
eompared with their production in winter,
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