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Effect of glucogenic additive in transition dairy
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on blood metabolic profile

Wptyw dodatku preparatu glukogennego do dawek po&arych o rénej
podatndci skrobi na rozktad viwaczu na profil metaboliczny krwi kréw
w okresie przégiowym

Summary. The objective of the study was to determine tffieces of the supplemental feeding of
glucogenic additive and increasing ruminal degriadadf dietary starch on the blood biochemical
parameters of high-yielding dairy cows during titos period. The study was carried out on
6 groups (10 animals each) of Polish Holstein-kaiesows. Measurements of blood indices were
carried out as a 2 3 experimental design of treatments with factghscogenic additive (GA; C —
without vs. GA — with) and diet starch ruminal degradatiore /@R; M — maizess. BW — barley
and wheatvss. MBW — maize, barley and wheat). Blood samples wetleated 2 weeks prior to
calving and 1, 3 and 6 weeks lactation. Notableaichpf the GA in the first weeks post-calving
on B-hydroxybutyric acid (BHBA) and nonesterified fattyids (NEFA) in the blood plasma was
noted only in the treatments when the GA suppleetktiie barley-wheat or maize-barley-wheat
based concentrates, whereas no effect was found #ieeGA enriched maize-based diets. Irre-
spective of grain species, the GA inclusion indfet has clearly reduced the blood urea and total
cholesterol levels, as well as elevated alkalinesphatase activity.

Key words: cows, transition period, glucogenic additive, ruatistarch degradability, blood
biochemical parameters
INTRODUCTION
The energy imbalance in the transition high-yiejddairy cows can lead to the oc-

currence of metabolic disorders related to nutribed feed management problems, like
ketosis. A direct reason inducing this periparttridisorder is a diminished level of
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blood glucose generating the mobilization of boelserves (mainly fat) as an alternative
metabolic fuel. At the scarcity of glucose, largeoaints of body fats are mobilized faster
than the liver can properly metabolize them. Iis #ituation, ketone production exceeds
ketone utilization by the cow and consequently, lével of many blood indices can be
changed [Djokonu et al. 2007]. A decreased blood glucose level is oftean@ated not
only with low feed intake noted during the peripant period, caused by poor appetite
[Nielsen and Ingvartsen 2004], but also with a d@hposition (roughages and concen-
trate share) and high ruminal degradation of stawsttained in wheat, triticale and bar-
ley (ca. 90 %), the most common grains used in alnfieeding in Central Europe. From
among yielded in the rumen by the fermentation tileldatty acids (mainly acetic,
propionic and butyric), only propionic acid is aigbgenic one [Bergman 1983]. The
maize starch is degraded ruminally in much lesséeng (ca. 60%) which means that
about 40% of the starch that escapes ruminal faatien (bypass starch) is then di-
gested in the small intestine and provides diregltigose blood pool [Orskov 1986]. On
the other hand, too low capacity of starch for nahdegradation may create shortage of
energy essential for microbial protein synthesighm rumen [Matrast al. 1991, Hunt-
ington 1997]. Besides, high bypass starch conterthé diet can cause its diminished
digestibility in the small intestine because of toenpromised amylase activity [Hunting-
ton 1997]. Preventive measures against metabdardiers involves dietary inclusion of
various glucogenic preparations, like propionatespmpylene glycol [Ballarcet al.
2001, Pattoret al. 2004, Klebaniulet al. 2009]. The inclusion of glucogenic additives in
ruminant diets may have different effects on blpadameters depending on the starch
rumen degradation rate.

The aim of the present research was to evaluatenghect of glucogenic additive to
transition dairy cow rations based on grains wiilnying starch degradability in the ru-
men on some blood biochemical parameters.

MATERIAL AND METHODS

The 2-factorial experiment was conducted on 60 iparbus Polish Holstein-
Friesian transition cows allocated (by analogua&) 6 groups of 10 animals each. A
glucogenic additive (GA) and type of starch regagdiuminal degradability rate (DR; M —
maizevs. BW — barley and wheas. MBW — maize, barley and wheat) were the experi-
mental factors. The glucogenic additive consisted¢adcium propionate (99% purity,
Pestell Minerals & Ingredients, New Hamburg, Canaalad loose propylene glycol
(BASF) mixed 1 : 1. It was fed in a dose of 450eg pead/day. The feeding of particular
groups was based on the same roughages (maize, diagage and meadow hay at 69 :
19 : 12 mix ratio, dry matter basis) but differedtlie grain species — maize (M), barley
(B) and wheat (W) — forming the concentrate anakigiin amounts to cover animal re-
quirements determined by 1Z-INRA [2009]. Therefottze C-M and A-M groups were
fed maize-based concentrate (low starch ruminatadiagion; 1.16 UFL, 202 g PDIN
and 184 g PDIE), C-BW and A-BW - barley and wheagea (50 : 50, high degradation
of their starch in the rumen; 1.11 UFL, 205 g PRiNl 179 g PDIE), while C-MBW and
A-MBW groups — a concentrate based on maize, bahelywheat (50 : 25 : 25; 1.14
UFL, 204 g PDIN and 181 g PDIE). The full dose aflacogenic additive (incorporated
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as a mix into a concentrate, 2.5 kg per head/thénmorning and evening meals) was
given from 2 week before the expected date of ngluntil 6 week of lactation. Energy
value of 1 kg GA was calculated at 2.0 UFL (Feedt fbr milk production), based on
energy value (computed in NEL) by Miyoshial. [2001] for 1 kg propylene glycol and
by Liu et al. [2010] for Ca-propionate. For more details on aiifeeding in these trials
refer to Matra®t al. [2012].

Blood samples were collected 2 weeks prior to etqueparturition and in 1, 3 and 6
week of lactation. They were taken from the jugwiain, right before the morning meal.
In blood plasma, a content of glucose (GLU), tptaitein (TP), urea (UREA), as well as
the enzyme activity i.e. aspartate aminotranspke(@ST) and alkaline aminotran-
spherase (ALT) and alkaline phosphatise (AP) ampdd lindices: total cholesterol
(CHOL), triacylglycerols (TG) and HDL cholesterabétion was measured by colori-
metric methods using Cormay monotests. The lowitjeligoprotein (LDL-chol) was
calculated using Friedewald [1972] formula. A leweéB-hydroxybutyric acid (BHBA)
and nonesterified fatty acids (NEFA) in the bloddspa was determined by the enzy-
matic procedure with reagents by Randox.

The obtained results were subjected to 2-factanalyses of variance using the Sta-
tistica 10.0 program [StatSoft 2011], accordinghi® model:

Yik=H +a+ b+ (ab) + g

where: yu — overall mean; -a effect of the glucogenic additive, i = 2 (C -thautvs. GA
— with glucogenic additive);;ls- effect of diet starch ruminal degradability rgtes 3
(M — maize, BW — barley-wheat, MBW — maize-barlelyeat); ax b — glucogenic addi-
tive x starch degradability ruminal rate interactiop;-erandom error.

RESULTS

A glucogenic additive increased £00.05) the glucose level in blood plasma at all 4
terms (Table 1). The significant differences weoged 2 weeks prior to calving in the 3
and 6 week of lactation, they were reduced to @05—0.06 mmolt (p < 0.05). A
starch sources did not have any impact on the bihozbse level.

The level of beta-hydroxybutyric acid (BHBA) in lold plasma was notably de-
creased when the GA enriched diets (Tab. 1), wighstatistically confirmed differences
during the first 6 lactation weeks. Its averageelaa the control groups in 1, 3 and 6
week of lactation reached 0.909, 0.909 and 0.96®Infithin comparison with 0.540,
0.697 and 0.738 mmol‘lin the groups with glucogenic additive, respedyivStarch
sources have also affected BHBA level during thee@k study of lactation with the
peak value (average 1.09 mmd) ffor blood plasma of cows receiving barley wheat
grains mix (regardless of glucogenic additive) #rallowest (average 0.52 mmdlftom
1, 3 and 6 week of lactation) established in tbedlof the cows fed the diets comprising of a
maize-barley-wheat mix. The highest average comieBHBA (1.296 mmol ) was re-
corded for the cows with barley-wheat concentrateereas the lowest (0.386 mmd) |
in the blood of cows given maize-barley-wheat cotrage supplemented with the GA.
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Both, the GA as well as grain species were showsignificantly influence a non-
esterified fatty acid level (NEFA) in the blood gtaa of the cows throughout the exam-
ined period (Tab. 1). The average NEFA level inabeis from the control groups were
0.308, 0.353, 0.421 and 0.338 mmd) tespectively in comparison with 0.230, 0.292,
0.320 and 0.268 mmol'lin the cows fed the GA supplemented diet. Theetkfices
have been statistically significant. Effect of staruminal degradability rates on the
NEFA content in blood was also seen; the genefatihest level (p< 0.05) was re-
corded in 1 and 3 wk in the group fed a barley-wlweacentrate. A significant gluco-
genic additivex starch degradability rates interaction on plasriBR and NEFA level
was observed. The most significant interactiorg(p.01) on decreasing blood plasma
BHBA content was noted especially in the GA-BW &W-MBW groups comparing to
control groups (C-BW and C-MBW). This tendency wad observed in the group of
cows fed the diet based on grain of low starch ruchegradability rate (maize) as the
only grain. The increased concentration of BHBA3iand 6 lactation weeks in GA-M
was noted, as compared to C-M group. Similarlyeadficial interaction on the plasma
NEFA concentration of both experimental factors &@BR was stated (g 0.01). That
notable effect carried through the whole 6-weeleoletion period after parturition.

A content of total protein in the blood plasma shghtly increased (g 0.05) in 1
and 6 lactation week in the groups fed the GA-saipehted diets, whereas grain species
had no influence on this parameter.

A glucogenic additive significantly decreased cdaod urea level. Besides, grain
species was found to affect a blood plasma uretenbimducing a slightly lower level of
it in the cows during lactation when fed a barldyeat concentrate. A significant GA
grain species interaction shows the biggest fallgbout 32% during lactation) of this
parameter resulting from the GA inclusion in thevamncentrate incorporating maize as
the only grain and the lowest (decrease by abo#i)lid the treatments with a maize-
barley-wheat concentrate mixture.

Neither GA nor starch degradability had any clediluence on the triacylglicerols
content in the blood plasma, whereas the GA haiderily raised (p< 0.05) the total
cholesterol level before calving as well as ind¢éion by about 12%Tab. 2). The most
pronounced difference (over 19%) as against théralocows was observed in 3 lacta-
tion week. Similar impact of the GA was noted onlH&holesterol fraction. Also grain
species influenced both fractions of cholesterdhwhe lowest average HDL levels in 3
and 6 week of lactation in the maize-based dietiggspwhereas the lowest LDL concen-
trations were established in the blood of the cfaglsmaize-barley-wheat concentrate. A
statistically confirmed GA x grain species inteiactregarding the HDL level in cow
blood in 3 wk of lactation points to the lowest72.mmol I') HDL content in C-M
group and the highest content (4.22 mriplih A-MBW group.

The activity of AST and ALT (Tab. 2) in the bloothpma of all the groups ranged
within the limits reported in the literature [Wimki 2015]. The highest activity of AST
(91.1 U I") was established in 1 week postcalving in the psoreceiving the GA and
also in 3wk in the blood plasma of the control grmows (92.3 U1). Neither GA nor
grain species affected this enzyme activity evigerthe average ALT activity was
found in the blood of the cows during the first 8aks of lactation ca. 36% higher in
comparison with the activity in 2 wk precalving. éfBA supplementation of the diets
increased (g 0.05) its activity in 3 and 6 wk of lactation. Grapecies did not influence
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this index. Both, GA and grain species showed sdiedilly confirmed impact on the
alkaline phosphatase (AP) activity. The glucogemipplement enhanced £00.01) the
activity of this enzyme by ca. 30 and 20%, respebtiin the blood of the cows before
parturition and during the examined lactation perio

DISCUSSION

Glucose, nonesterified fatty acid afichydroxybutyric acid levels in blood plasma
are commonly used to assess the energy statuarnsition dairy cow [Klebaniukt al.
2009]. In the present study, the average levelsl@dd glucose in cows experimental
exceeded 3.0 mmot' the level recognized as minimum by Whita&eal. [1997]. The
glucogenic additive elevated glucose content mdykgxri< 0.01) during the whole ex-
perimental period. The results of other studieslakpy the impact of GA on blood
glucose level are controversial. Some investigatiughlighted significant growth of this
parameter [Grummeet al. 1994, Pattoret al. 2004, Liuet al. 2010], whereas in the
others [Ballardet al. 2001, DeFrairet al. 2005, Moallemet al. 2007], no effect of the
GA was reported. The time of blood sampling intiefato GA allocation method and its
dose, is likely to affect this discrepancy [Nielsamd Ingvartsen 2004]. According to
Brockman and Laarveld [1986], the explanation sfanly slight impact on the glucose
level, although significant in some other trialsslin a large rise of insulin that maintains
plasma glucose homeostasis. The action of this tweenkeeping up the glucose level in
blood, might also mask possible influence of gisecies used in the studies and pre-
sented in this paper. Importantly, they differ iminal degradation of their starch and
this attribute specific for particular grains smsciconditions the quantity of ruminal
bypass starch degraded in the small intestine Badrbed to the blood in glucose form
[Orskov 1986].

Whitaker [1997] implied that NEFA and BHBA of bloqdasma are much more
sensitive than glucose to any change in the ensajys of dairy cow. NEFA correlate
negatively with energy balance and its increasedl Imdicates the higher mobilization
of body fat. The desired plasma concentration fBFN is according to Whitakest al.
[1997] below 0.4 mmol1 in late pregnancy and it should not exceed 0.7 hithan
early lactation. In our study, the average leveN&FA was not high. Regardless of a
grain species, the GA reduced NEFA content by 25%te pregnancy and up to 24% in
early lactation. A similar beneficial response tafddl NEFA level in transition dairy cow
to a glucogenic additive was highlighted in otherdees [Hoedemakesat al. 2004, Patton
et al. 2004]. Besides, in the cows in late preghancy iantl and 3 lactation week the
influence of a grain species on NEFA levels wasitb(p< 0.05), with the highest level
recorded in the cows fed a concentrate based deybemmnd wheat, that is the grains con-
taining high ruminally degraded starch. The GAstarch degradation rate interaction
(p < 0.05) noted in the late lactation and in 1 andk3®#Mactation revealed the strongest
effect on NEFA concentration in the blood of cowseiving the maize-barley-wheat-
based concentrate.

BHBA serum concentration characterize a short-timergy status of cow organism
and according to Duffield [2000] and Herdt [2000§cause of its stability its measure-
ment in the blood is the gold standard diagnosst for subclinical ketosis. Filar [1997]
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recognized the blood BHBA concentrations lower th@A0 pmol T to be normal while
the ranges from 1000 to 3000 pmbolof blood BHBA were proposed to indicate sub-
clinical ketosis. Whereas, Duffield [2000] consieérthe value of 1400 umdf las the
threshold between the normal and abnormal BHBAI$eVe the present study, the aver-
age BHBA content in the groups, fed without gluatigeadditive regardless of grain
species, was below 1000 umdl However, in the group receiving barley-wheat-base
concentrate it exceeded 1400 pmbinl the 1 and 3 lactation week, that is the threshol
which classify cows as experiencing subclinicabket. The employed GA significantly
decreased the BHBA level in the blood plasma ofldlatating cows. Irrespectively of a
grain species, an average decline of the blood BH##&| caused by the glucogenic
supplement was over 40% in 1 wk and about 23-24%6aind 6 wk postcalving. A simi-
lar fall in the BHBA content until 7 wk postpartuwvas observed by Hoedemaletral.
[2004] as a response to propylene glycol (300 raldfed) addition. Alike, as reported by
Liu et al. [2010], the supplementation of dairy cow dietearly lactation with calcium
propionate doses up to 300 g per cow/day lowergaifiiantly the BHBA but only by
3.4%. In the Pattost al. [2004] studies where the dairy cow diets contaiaedix (409
g/head/d) of calcium propionate, propylene glycadl @alcium salts of fatty acids, the
determined BHBA level was reduced by 20% on 7 digastum in comparison with
control. However, the difference was not confirnsdtistically. In other studies [De-
Frain et al. 2005, Moallemet al. 2007] no influence of GA was stated. Lack of ghuco
genic additive effect on blood plasma BHBA levetadmined in many researches might
be due to a grain species incorporated in a coratentin the majority of the experi-
ments, the concentrate was based on maize as thgram. Also in the present trial, no
considerable differences were recorded in BHBA 8Blptasma level of the cows fed the
diets enriched with GA in comparison with contreix¢ept lower by 11% in 6 wk,
p < 0.05) when the concentrate comprised maize g@inaverage (the entire examined
lactation period), the decrease of this parametsulting from the GA supplementation
reached 32 and 54% in the groups with the barleyatvand maize-barley-wheat concen-
trate, respectively. The BHBA content in C-M groups substantially lower than in the
C-BW group. The greatest differences (nearly 2)faldre stated in 1 and 3 wk of lacta-
tion. These research results correspond to Stskégtlal. [2008] observations that indi-
cate a tendency for lower BHBA level in the bloddtlee cows supplied with maize-
based i:oncentrate as against those receiving theetate with barley (0.9%. 1.19
mmol 7).

Glucogenic additive has significantly declined tileod plasma urea level in both,
late pregnancy and early lactation, on averagevey 80%. Its employment in the diet
might save glucogenic amino acids used in glucoaeesjs process, which may provide
significant amount of glucogenic material [Bergmi®83], especially in the case of
negative energy balance occurring in the transpierod of cows. These findings corre-
spond closely to Klebaniudt al. [2009] study, who used a glucogenic additive (cahc
propionate and propylene glycol mix) at 2 level8Qr 450 g/head/d). Grain species
did not have any clear impact upon plasma ureaectnf lack of direct influence of
grain source on blood urea level stated in thegmtesesearch agrees with the results
presented by Strzetelsé al. [2008], who compared impact of barley maize on this
blood parameter, whereas in similar study carriedby Gringset al. [1992] a consid-
erably lower urea level was found in blood of cded the maize-based diet.
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Supplementation of the diets with GA has signifiaraised (average by ca. 12%) to-
tal cholesterol level. Similar effect (by about 20#as noted in Ballaret al. [2001] inves-
tigations performed to explore the effect of anrgpesupplement containing 150 or 300 g
propylene glycol and calcium propionate mix. Arvated level of cholesterol — a precursor
of steroid hormones can be considered beneficiédrim animals [Rabiee 2000]. Kappel
et al. [1984] revealed that higher cholesterol and glecamcentrations after calving were
associated with lower number of days from calvingdnception. The raised concentration
of blood cholesterol determined in the presentaresemay indicate its positive influence
on the reproductive parameters as reported ingperfgoy Matrast al. [2012].

The activities of the all three enzymes determimespartate aminotranspherase
(AST), alanine aminotranspherase (ALT) and alkalft®sphatase (AP) were found
within the reference limits [Winnicka 2015]. Theras not stated influence of GA or
grain species on AST or ALT activity in cows bloodlate pregnancy or in the first
week postcalving. Ballaret al. [2001] and Hoedemaket al. [2004] did not find any
significant effect of GA on the activity of AST blood, whereas Klebaniudt al. [2009]
highlighted significantly lower activity of this epme in the cows whose diets were en-
riched with glucogenic additive. According to Mabda et al. [2003], the enhanced
activity of these enzymes in the blood serum of £@astpartum are attributed to an
energy deficit and improper protein to energy ratica feed ration. The grain species
employed in the present study did not affect ASTAbT activities that conforms to
Strzetelskiet al. [2008] observations. Heightened AP activity isalsuobserved when
the increased activity of liver is exhibiteelg. in the intensified gluconeogenesis. The
research findings of the present study seem tdrooitf The GA consisted of propylene
glycol and propionate, the substances undergoingpgeogenesis, have increased mark-
edly (by nearly 22%) this enzyme activity, irresipee of a grain species. These results
correspond to those presented by Klebaetidt. [2009].

CONCLUSIONS

The results obtained in the present study haveategidhe significant interaction of
a glucogenic additive and grain species of varyiumginal starch degradability and its
effect on some biochemical (mainly energy) bloadidas. Notable impact of the GA on
blood plasma BHBA and NEFA content was noted onlyhie treatments when the GA
supplemented the barley-wheat mix based concestréB&/ and MBW groups).
Whereas, inclusion of GA in diets based only onzedlow starch ruminal degradabil-
ity) had not improved significantly the imbalanceergy status of lactating cows. Irre-
spective of grain species, the GA inclusion indiet has clearly reduced the blood urea
and total cholesterol levels, as well as elevatikaline phosphatase activity.
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StreszczenieCelem badabyta ocena wpltywu preparatu glukogennego (GA) gatznkow zhd

o réznej podatnéci skrobi na rozktad wiwaczu, podawanych krowom mlecznym w okresie przej-
sciowym, na profil metaboliczny krwi. Bwiadczenie przeprowadzono na 60 krowach podzielo-
nych na 6 grup: 3 kontrolne (C) i 3 eksperymentdiie — otrzymujce preparat glukogenny.
Zwierzeta otrzymywaly 3 analogiczne dawkizrdgce sé komponentami mieszanki t@wej
[kukurydza (grupy C-M i GA-M), gczmieh i pszenica (C-BW and GA-BW) oraz kukurydza,
jeczmien, pszenica (C-MBW i GA-MBW)]. W badaniach wykazane,dodatek glukogenny (GA)
w sposOb istotny obmyt zawartd¢ kwasup-hydroksymastowego oraz niezestryfikowanych kwa-
séw ttuszczowych w osoczu krwi kréw z grup GA-BW A®BW w pierwszych tygodniach po
wycieleniu. Takiej zalnosci nie odnotowano natomiast w grupie kréywionych mieszank
bazujca wytacznie na kukurydzy. Niezaleie od gatunku zb@ suplementacja dawki dodatkiem
glukogennym wyranie wptywata na obrenie poziomu mocznika i cholesterolu catkowitego we
krwi, a takze na wzrost aktywnigi fosfatazy zasadowej.

Stowa kluczowe:krowy, okres przégiowy, dodatek glukogenny, rozktad skrobi, wakiéti bio-
chemiczne krwi



