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Abstract

Project Code : MRG4680186
Project title ; Effect of propylene glycol on negative energy balance and milk

composition in dairy cows

Investigators : 1. Dr. Theera Rukkwamsuk Kasetsart University
2. Dr. Apassara Choothesa Kasetsart University
3. Dr. Theo Wensing Utrecht University

E-mail Address : theera.r@ku.ac.th

Project Period : 1 year (July 2003 to June 2004)

Effect of propylene glycol on energy balance and milk production and composition
was studied in forty Holstein Friesian cows, randomly selected from a commercial dairy farm
with an evaporative cooling system. Twenty cows were fed an alfalfa-base diet (16.5% CP)
and the other 20 cows were fed a peanut-base diet (19%). All cows were drenched with
propylene glycol as early as 1 wk prior to expected calving until 7 d after calving. At -2, 1, 2,
3 and 4 wk from parturition, blood samples were collected from all cows fro determination of
serum glucose, non-esterified fatty acid, B-hydroxybutyrate, and urea nitrogen concentrations.
Milk samples were collected twice a week from the 1st to the 4th week of lactation to
determine urea nitrogen concentration and fat, protien, lactose, and solid non fat percentages
in the milk. Daily dry matter intake and milk yield were also recorded. During the 4 wk
postpartum, daily dry matter intake of cows in both groups did not differ, cows fed alfalfa-
base diet consumed 17.6 kg/d (3.2% of body weight) and cows fed peanut-base diet
consumed 18.2 kg/d (3.3% of body weight). Serum glucose, non-esterified fatty acid, B-
hydroxybutyrate, and urea nitrogen concentrations did not differ between the two groups of
cows at any sampling times. Decreased glucose, increased non-esterified fatty acid and
increased B-hydroxybutyrate concentrations in the blood indicated cows in both groups enter
some degrees of negative energy balance. However, these parameters did not change too
much, indicating that propylene glycol improved cows energy balance, probably by
enhancing glucose production. Serum urea nitrogen concentrations did not change during
the sampling period, suggesting that cows in both groups had a normal protein metabolism.
Though, cows fed a higher CP in the diet (peanut-base) seemed to have higher urea nitrogen

concentrations in the milk than cows fed alfalfa-base diet., the observed means were still in
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an acceptable range of postpartum concentratios. Surprisingly, the average milk production
during the 30 days in milk was greater in cows fed alfalfa-fed diet than in cows fed peanut-
base diet. There were no differences in milk compositions from cows fed either alfalfa-base or
peanut-base diets. It might be suggested that the quality of roughage was important for
cows to produce milk production even in lower level of crude protein in the diet. In
conclusion, propylene glycol could improve negative energy balance in cows fed alfalfa-base
diet (16.5% CP) and in cows fed peanut-base diet (19% CP). No any additional effect of
propylene glycol on milk compositions in cows fed alfalfa-base or peanut-base diets. Further
research could be directed to use propylene glycol on a large study to evaluate its long-term

effect on reproduction of the postparturient dairy cows.

Key words: dairy cow, milk composition, negative energy balance, propylene glycol
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MIENTINUNAFNAR (negative energy balance) FAahmsleszernnaniiosanniussesilomsd
AadImandsnuetann neemiomes ahusdadsnuiidosmi iaasal@suohafismaan
msfuewns (Harrison et al, 1990) wafessndslemsdnssimssmemdsnufiazas3lunomelaemme
anlesiy mesmelasiwnlidnmaiadureneelasiudasy (e fatty acids %39 non-esterified fatty
acids) lian (Rukkwamsuk et al., 1998) %@ﬁdauwﬁqLﬁmmﬁta@wmmmﬁwﬁﬂmﬁa@maaLwﬂﬂslmwxwé’a
sumeasgamssulitnesme lesnidledalasie (Holtenius, 1993) nalashudrsumanifazgninenty
\la(ﬁﬁéﬁ_l I@H‘ﬂm%ﬂﬁﬁﬁﬁﬁm 2 1s¥m3fa re-esterification LAY oxidation M3 re-esterification 98936
losdaseidualalaneganizeses (triacylglycerols) %@%G’T@ﬁuaaﬂmnﬁﬂugﬁsﬂaa very low densitiy
lipoproteins (VLDL) (Bruss, 1993) anmanmmwu uwnsdidslsusimeasolanaianamaseasnniiuliv
Timsaudslasedandieesenasananduniums VLDL gnsunam ﬁqﬁﬂmm%ﬁﬂﬁLﬂﬁasaa%azama%ﬂuﬁu
ynlHAnneizenh fatty liver (Rukkwamsuk et al., 1998) §1%5UMS3 oxidation 993030 lushdass e
asnlFAnENsAla 29ldUR acetone, acetoacetate WAy 3-hydroxybutyrate (Bruss, 1993) waNINHNLT
I@uﬂuﬁﬁﬁmmwé’mmw@amaﬂﬁgumm3ﬁmﬁmi@hﬁuﬁmzma’wﬁmmmﬁww Tosawanssnueiansd
Usenavrasiuala (Rukkwamsuk, 2001) PENSINUNAFNGR MIataNTadinTioTanAleasaa iy uas
nafsmassflauludendenudaiuiiutiymgamn  (Wentink et al, 1997) flymasuuduriug
(Heinonen et al., 1988; Rukkwamsuk et al., 1999a) LLazﬁzymwamﬁmﬁmu (Rukkwamsuk et al., 2001)
Hoymaanamireduduniidensdaiuunhfivosugnauny (Rukkwamsuk et al, 1999b; West,
1999) ANMITaLFNTaI lToTanAaTan ey

Propylene glycol L‘flumiﬁﬁiwmgﬂLLamumlmﬂ%ﬂaﬂﬁLLﬁLuﬂﬂmwmaa@wLﬁﬂﬁmﬂ@iﬁ
Smdsnifieamerlimnesassmeaiode ltianas propylene glycol Fusnatsznaudi
ﬁawérﬂu glucogenic  damemdsanidaifwinly  dwmilsenaowdn  propionate g9
gluconeogenic precursors LLazﬁ’mﬁmﬁaﬁlzLﬂéH%Lﬂ%ﬂ@iﬂﬂﬁ@fﬂ WYY propylene glycol ‘ﬁ"JF_ILLT%?J
m’;zwﬁwwmmﬁmQahmﬂmzamaa@ﬂ@mmﬁmz@ﬁ’u@uﬁaﬂmﬁa@LLazaonmmL%m%maq non-
esterified fatty acids Wag 3-hydroxybutyrate WnIeuaAonLasiTIEaaMIaraNTadlas0Tana
asaa lusule (Studer et al., 1993; Grummer et al., 1994; Christensen et al., 1997) aehalafions
miﬁmmé‘ﬁﬂdné’am@%aaq”alﬁmﬁuwamaa propylene glycol sioasdilaznavmasiuale loenamng la
S Tsfiu uaeloa wadlaandn uaze@elulasian 5‘5@%’@33aé’andnmmmﬁlﬂ%ﬁmawamaamﬂ%
propylene glycol éluﬂml,ﬁ)lmﬂtymwﬁmmmmﬁma anamIuadamIAtasesdsrnauanh

wille visthiorh Wsuldlumaisn szdvBmwnsnaminssaanuansyinedeulusemesia ld
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Table 1. Descriptions of cows in alfalfa-base diet group.

Drenching
Cow Age at start 305-d-yield Dry period period
Group number exp. (year) kg) (day) (day)
Alfalfa-base
594 3.67 7594 242% 18
645 3.19 8039 65 25
663 3.36 8269 57 25
679 3.2b 7804 53 13
701 3.21 9394 b2 14
722 3.17 5594 b3 16
733 3.1b 6327 42 7
740 3.19 6766 b8 17
1003 3.00 6769 61 17
1014 2.98 8640 bl 10
1021 2.91 6839 bb 17
1086 2.53 Heifer Heifer 17
1159 2.25 Heifer Heifer 7
1207 2.10 Heifer Heifer 17
2001 2.08 Heifer Heifer 11
813b b.14 6763 473* 17
9003 b.06 5868 b2 12
9138 4.26 3353 160* 15
9143 4.29 7989 b8 18
9168 413 10648 46 20
Average - 3.44 7320%* 59.6** 15.1
s.d. - 0.36 1512 16.8 5.6

* Data were excluded for calculating average and standard deviation due to arbritarily dry off
from disease problems.

** Data from heifer were not included.
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Table 2. Descriptions of cows in peanut-base diet group.

Drenching
Cow Age at start 305-d-yield Dry period period
Group number exp. (year) kg) (day) (day)
Peanut-base
536 3.95 5753 457* 7
546 3.73 8211 b6 9
be7 3.63 6450 89 17
579 3.62 7849 65 21
665 3.16 7259 50 10
673 3.29 6695 b3 12
696 3.24 7968 49 10
698 3.19 894b 50 17
717 3.04 9100 b1 11
742 3.06 8617 42 7
749 2.96 7265 63 14
1007 3.08 6972 60 21
1106 2.41 Heifer Heifer 14
1197 2.13 Heifer Heifer 9
2002 2.13 Heifer Heifer 9
9090 443 6402 397* 19
9105 4.33 8206 358* 7
9153 412 6417 110 13
9169 4.10 9427 57 11
9172 4.10 b817 97 30
Average - 3.44 7581** 57.9** 12.7
s.d. - 0.41 1134 13.6 42

* Data were excluded for calculating average and standard deviation due to arbritarily dry off
from disease problems.

** Data from heifer were not included.
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Table 3. Composition of total mixed rations (TMR) as fed basis.

Ingredient Dry period Transition period Lactating period

Alfalfa-base  Peanut-base Alfalfa-base Peanut-base

kg as fed
PCL-3' 13
PCL-PS’ 2.11
PCL-P’ 2.0
PCL-FS' 461
PCL-F’ 38
Wet brewer grain 8.0 3.0 7.0 6.0 10.0
Corn silage 8.0 12.1 12.5 10.65 12.5
Alfalfa hay 3.0 40
Peanut hay 2.0 6.0 6.0
Rice straw 3.5
Cassava chips 0.9 1.0 1.8 1.3
Whole cotton seed 0.5 0.6 15 2.0
Fish meal 0.05 0.1
Blood meal 0.05 0.1
Ground corn 1.0
Molasses 1.0 0.75 0.5 1.0 0.5
Premixes 0.5 05 05 1.0 1.0

1Comsisting of 33.0% soybean meal, 27% canola meal, 22.5% wheat bran, 11% dried brewer
grain, 4.1% limestone, and 2.4% salts.

2Comsisting of 64% extruded corn, 31.3% soybean meal, and 4.7% energizer-RP10.

3Comsisting of 54.5% soybean meal, 15.0% canola meal, 13.0% dried brewer grain, 11.0% corn
gluten meal, 4.7% salts, and 1.8% biophos.

4Consisting of 58.6% extruded corn, 25.1% soybean meal, 10.9% corn gluten meal, and 5.4%
energizer-RP10.

5Cons.isting of 50.0% soybean meal, 27.0% corn gluten meal, 14.0% canola meal, 55% dried

brewer grain, 1.9% salts, and 1.6% limestone.
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Table 4. Chemical compositions of the total mixed ration (TMR).

Item Dry period Transition period Lactating period

Alfalfa-base Peanut-base Alfalfa-base Peanut-base

Dry matter (%) 49,51 51.15 53.69 55.91 55.99
Ash (%) 7.29 7.41 11.75 9.18 10.35
Curde protein (%) 11.44 12.90 14.15 16.48 19.25
Crude fat (%) 2.56 3.96 418 483 434
NDF" (%) 61.36 39.13 4554 42.21 41.49
ADF” (%) 31.75 27.66 40.35 23.38 27.33

' Neutral detergen fiber

? Acid detergen fiber

msaneiaeshaianuas i

ATIRONNENTUDS glucose (Glucose GOD-PAP, Class-1 Laboratories Co., Ltd,,
Bangkok, Thailand), non-esterified fatty acids (NEFA C, Wako Pure Chemical Indrustries Ltd.,
Osaka, Japan), B-hydroxybutyrate (RB 1007, Randox Laboratories, San Diego, CA), and urea
nitrogen (Urea Nitrogen Reagent, Class-1 Laboratories Co., Ltd.) TwdandeAs
spectrophotometry I@mmﬁammaauﬁiﬁlﬁmﬁ

mfasaaﬂﬁﬁizﬂauﬁmﬂﬁl,tﬁ protein, fat, lactose Wa¥ solid non fat %am‘%aa Fourier
Transform Infrared Spectrophotometer, FTIR (MilkoScan FT6000 spectrophotometer) Wag§133a
AVNINTUIDY urea nitrogen Gluﬁmﬂ@aﬁﬁaaH'Nﬁmuﬁﬁﬂu microcentrifuge tube \’L‘]_Jﬁ%‘ﬁ{
amsiEr 2500 seusiand e 15 wift usndmeaslashiduon andeihslagumdliasa

¥ v . 1'% as ! a (% A !
ANNLINIUYDY urea nitrogen MILIT spectrophotometer Lﬁﬁw,@wmﬂﬂmaa@@]avl,ﬁ

msaaseidaya

3mwzﬁ%aaﬁammﬁaﬁmm glucose, non-esterified fatty acids, B-hydroxybutyrate ag
urea nitrogen lsudan anadaduLes urea nitrogen Iy asdlsznovreniun HanAasiu
§e% repeated measures 789 ANOVA lnefinguduildeminuasnamiduiiados: vhmsuiey
LTSI NN UAADALATSINADAeEAT Paired t test WauilSufieumNfnassenig
NaM alfalfa-base diet UAY peanut-base diet |widiazE9Nm MeAD Student ¢ test FiuEwry

eERan M lumasnesaurvua 139 P < 0.05
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Pamnaiuldnamnasmedenguilifivewns  alfalfal-base  uazngaiFawns
peanut-base laluandsiulunnanszeznm 1 Wauwndsnsan (Figure 1) nanda mafuldindeans
I@ﬂ@jmﬁiﬁﬁumws alfalfal-base WhifU 176 + 1.2 (mean + SD) AlanSusiat ﬁm%umjuﬁﬁumws

peanut-base WU 18.2 + 0.9 Alansueaiu

25.0

20.0 -

15.0 -

10.0 -

Dry matter intake (kg/d)

o
o
1

0.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

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

Day after parturition
Figure 1. Average dry matter intake (kg/d) during the first 30 d after parturition of cows in
alfalfa-base diet (®; n = 20) and in peanut-base diet (O; n = 20). Data represent

means and the error bars are S.E.M.

HanAn I

Panosimsazey 30 ’°5eraqmﬂﬁﬁmmaﬂmﬂ@mjNﬁiﬁﬁumwﬁ alfalfal-base Ll,asmjuﬁ
I%0193 peanut-base Uansly Figure 2. mﬂNamﬁﬁﬂ‘]ﬂﬂwuﬂﬂﬂiuﬂ@:Nﬁiﬁ%ﬂmmi alfalfal-base &
NaHATIMNERBATTTLY 30 iuﬁja@m{lﬁﬁmmgm’jﬂumjNﬁiﬁ%ﬂ@ﬂ%ﬁ peanut-base NAMAE 1
sluﬂajmﬁvl,ﬁ%fuawwws alfalfal-base SBsnonihndy 340 + 87 Alandusatu dmiﬂslumjmﬁvlﬁ%u

9193 peanut-base AUSHANUMRAY 29.1 + 8.4 AlanSusioTu
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Figure 2. Comparison of milk yield during the first 30 d in milk between cows in alfalfa-base
diet (®; n = 20) and cows in peanut-base diet (O; n = 20) groups. Data are means

(+ SEM).
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Figure 3. Comparison of glucose concentrations in the serum measured before and after
parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base

diet (O; n = 20) groups. Data are means (+ SEM).
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Figure 4. Comparison of NEFA concentrations in the serum measured before and after
parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base

diet (O: n = 20) groups. Data are means (+ SEM).

ainnunmuEius UM I 14



@ o o au €1 1
NUNGUIEN amwsl,umimmmawaqmmiafgﬂw

3.0

2.5 A

2.0 -

1.5 -

1.0 -

Serum 3-Hydroxybutyrate
concentration (mmol/L)

0.5

0.0 1 1 1
-2 1 2 3 4
Week from parturition

Figure 5. Comparison of B-hydroxybutyrate concentrations in the serum measured before and
after parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-

base diet (O; n = 20) groups. Data are means (£ SEM).

25

20 A

15 -
e,

10 -

Serum urea nitrogen
concentration (mg/dL)

-2 1 2 3 4
Week from parturition
Figure 6. Comparison of urea nitrogen concentrations in the serum measured before and
after parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-

base diet (O; n = 20) groups. Data are means (+ SEM).
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Figure 7. Comparison of urea nitrogen concentrations in the milk measured after parturition
between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base diet (O; n
= 20) groups. Data are means (+ SEM). Asterisk indicates mean milk urea nitrogen
concentrations between the two groups were different (P < 0.05). Daggers indicate
mean milk urea nitrogen concentrations between the two groups tended to be

different (P < 0.1).
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Table 5. Compositions of milk during the 4 wk postpartum of cows in alfalfa-base diet (n =

20) and in peanut-base diet (n = 20) groups. Data represent means (SEM).

Item Week after parturition

0.b 1 15 2 2.5 3 3.b 4

Milk fat (%)
Alfalfa-base 473 4.85 447 418 4.62 3.28 4.31 3.04
(0.33) (0.35) (0.27) (0.39) (0.61) (0.19) (0.74) (0.27)
Peanut-base 4.61 452 4.49 4.08 3.56 3.99 3.27 3.20
(0.41) (0.17) (0.41) (0.37) (0.21) (0.54) (0.45) (0.29)
Milk protein (%)
Alfalfa-base 3.72 343 3.14 3.02 2.89 2.81 2.57 2.60
(0.09) (0.06) (0.05) (0.03) (0.04) (0.05)  (0.063)  (0.05)
Peanut-base 4.00 3.59 3.21 3.00 2.90 2.76 2.71 2.71
(0.13) (0.09) (0.07) (0.06) (0.06) (0.04) (0.05) (0.07)
Milk lactose (%)
Alfalfa-base 474 4.87 4.92 5.02 4.95 4.99 493 4,99
(0.05) (0.04) (0.02) (0.03) (0.05) (0.05) (0.05) (0.04)
Peanut-base 454 479 4.92 4.93 4.95 4.93 5.00 4,98
(0.12)  (0.071)  (0.05) (0.06) (0.05) (0.06) (0.04) (0.04)
SNF* (%)
Alfalfa-base 9.14 9.00 8.78 8.75 8.55 8.59 8.45 8.53
(0.07) (0.07) (007) (0.04) (0.07) (0.07) (0.08) (0.06)
Peanut-base 9.20 9.08 8.83 8.65 8.55 8.38 8.41 8.38
(0.07) (0.07) (0.07) (0.07) (0.07) (0.08) (0.07) (0.07)

* Solid non fat
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Effect of Propylene Glycol on Energy Metabolism and Milk Composition

in Periparturient Dairy Cows Fed Either Alfalfa or Peanut Hay

Theera Rukkwamsuk,1 Sunthorn Rungruang,2 Apassara Choothesa,3 and Theo Wensing‘l
1Department of Large Animal and Wildlife Clinical Sciences, Faculty of Veterinary
Medicine, Kasetsart University, Kampangsaen, Nakhon-Pathom 73140 THAILAND
2Pakthongchai Dairy Farm, Pakthongchai, Nakhonrachasima, 30150 THAILAND

3Department of Veterinary Physiology, Faculty of Veterinary Medicine, Kasetsart University,
Ladyao, Chatuchak, 10900 THAILAND

4Faculty of Veterinary Medicine, Utrecht University, 3508 TD Utrecht, The Netherlands

ABSTRACT

Effect of propylene glycol on energy balance and milk production and composition
was studied in forty Holstein Friesian cows, randomly selected from a commercial dairy farm
with an evaporative cooling system. Twenty cows were fed an alfalfa-base diet (16.5% CP)
and the other 20 cows were fed a peanut-base diet (19%). All cows were drenched with
propylene glycol as early as 1 wk prior to expected calving until 7 d after calving. At -2, 1, 2,
3 and 4 wk from parturition, blood samples were collected from all cows fro determination of
serum glucose, non-esterified fatty acid, f-hydroxybutyrate, and urea nitrogen concentrations.
Milk samples were collected twice a week from the 1st to the 4th week of lactation to
determine urea nitrogen concentration and fat, protien, lactose, and solid non fat percentages
in the milk. Daily dry matter intake and milk yield were also recorded. During the 4 wk
postpartum, daily dry matter intake of cows in both groups did not differ, cows fed alfalfa-
base diet consumed 17.6 kg/d (3.2% of body weight) and cows fed peanut-base diet
consumed 18.2 kg/d (3.3% of body weight). Serum glucose, non-esterified fatty acid, B-
hydroxybutyrate, and urea nitrogen concentrations did not differ between the two groups of
cows at any sampling times. Decreased glucose, increased non-esterified fatty acid and
increased B-hydroxybutyrate concentrations in the blood indicated cows in both groups enter
some degrees of negative energy balance. However, these parameters did not change too
much, indicating that propylene glycol improved cows energy balance, probably by
enhancing glucose production. Serum urea nitrogen concentrations did not change during

the sampling period, suggesting that cows in both groups had a normal protein metabolism.
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Though, cows fed a higher CP in the diet (peanut-base) seemed to have higher urea nitrogen
concentrations in the milk than cows fed alfalfa-base diet., the observed means were still in
an acceptable range of postpartum concentratios. Surprisingly, the average milk production
during the 30 days in milk was greater in cows fed alfalfa-fed diet than in cows fed peanut-
base diet. There were no differences in milk compositions from cows fed either alfalfa-base or
peanut-base diets. It might be suggested that the quality of roughage was important for
cows to produce milk production even in lower level of crude protein in the diet. In
conclusion, propylene glycol could improve negative energy balance in cows fed alfalfa-base
diet (16.5% CP) and in cows fed peanut-base diet (19% CP). No any additional effect of
propylene glycol on milk compositions in cows fed alfalfa-base or peanut-base diets. Further
research could be directed to use propylene glycol on a large study to evaluate its long-term

effect on reproduction of the postparturient dairy cows.

Key words: dairy cow, milk composition, negative energy balance, propylene glycol

INTRODUCTION

It has been documented that cows in periparturient period suffer some degrees of
negative energy balance due to a large requirement of energy for milk production, which is
not always balanced by the energy from feed intake (Harrison et al., 1990). This situation
induces cows to mobilize their body energy storages, mainly fat and protein. Mobilization of
fat, lipolysis, causes an increase of blood non-esterified fatty acid (NEFA) concentrations
(Rukkwamsuk et al., 1998), as a result of decreased blood insulin concentrations (Holtenius,
1993). These NEFAs are further metabolized in the liver in two important processes, re-
esterification to triacylglycerols and oxidization to yield ATP, CO, and water. Synthesized
triacylglycerols are secreted from the liver in very low density lipoprotein molecules.
Inhibition in formation of these molecules results in accumulation of triacylglycerols in the
liver, a condition so called fatty liver or hepatid lipidosis (Bruss, 1993, Rukkwamsuk et al.,
1998). Incomplete or partial oxidation of fatty acids in the liver results in an increase of blood
ketone bodies (Bruss, 1993). Increased lipolysis also relates to an increase of milk fat
percentages and a change in milk fatty acid pattern (Rukkwamsuk et al., 2001). Negative
energy balance, triacylglycerol accumulation in the liver, and increased blood ketone bodies

concentrations are documented to be associated with general health problems (Wentink et
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al., 1997), reproductive disorders (Heinonen et al.,, 1988; Rukkwamsuk et al., 1999a) and low
milk production (Rukkwamsuk et al., 2001). These problems are partly associated with an
impairment of liver function (Rukkwamsuk et al., 1999b; West, 1999).

Propylene glycol is a substance used in prevention and treatment of ketosis in dairy
cows. This substance is a glucogenic precursor. In ruminants, propylene glycol is metabolized
in the rumen in a large proportion to yield propionate, a known gluconeogenic precursors in
ruminants, and, in a smaller proportion, is used directly to produce glucose in the liver.
Propylene glycol is therefore used to prevent negative energy balance in periparturient dairy
cows (Studer et al.,, 1993; Grummer et al.,, 1994; Christensen et al., 1997). However, there is
limited information concerning the use of propylene glycol on prevention of negative energy
balance and its relation to milk composition, particularly in cows fed different crude protein
levels.

Therefore, the aim of this study was to study the effect of propylene glycol on
negative energy balance and milk composition in cows fed either alfalfa-base (16.5% CP) or

peanut-base (19% CP) diets.

MATERIALS AND METHODS

Farm, Animals, and Diets

The study was conducted in a commercial dairy farm at Pakthongchai District,
Nakhonrachasima Province, Northestern Part of Thailand. The farm consisted of 503 lactating
cows, 171 dry cows, and 414 replacement calves and heifers. The average milk yield was 20.5
kg/cow daily. Close-up and lactating cows were kept in a free-stall housing with an
evaporative cooling system, which controls the inside temperature between 25-28°C. Forty
healthy pregnant cows were selected from this farm, and were randomly divided into 2
groups: 20 cows were fed alfalfa-base diet during the transition and lactating periods, and the
other 20 cows were fed peanut-base diet. At the start of experiment, average ages were 3.44
(0.36; SD) and 3.44 (0.41) years; average 305-d milk yields were 7320 (1512) and 7581 (1134)
kg; average dry periods were 59.6 (16.8) and 57.9 (13.6) days, for cows in alfalfa-base and
peanut-base diet groups, respectively.

During the early dry period, cows in both groups were fed the same dry period total
mixed ration. Thereafter, cows in each group were assigned to the total mixed rations in

their transition and lactating periods as indicated in Table 1. The chemical compositions of
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the rations are shown in Table 2. Dry matter intake of cows was estimated every day and

milk yields were recorded daily.

Table 3. Composition of total mixed rations (TMR) as fed basis.

Ingredient Dry period Transition period Lactating period

Alfalfa-base  Peanut-base Alfalfa-base Peanut-base

kg as fed
PCL-3' 13
PCL-PS’ 2.11
PCL-P’ 2.0
PCL-FS' 461
PCL-F’ 38
Wet brewer grain 8.0 3.0 7.0 6.0 10.0
Corn silage 8.0 12.1 12.5 10.65 12.5
Alfalfa hay 3.0 40
Peanut hay 2.0 6.0 6.0
Rice straw 3.5
Cassava chips 0.9 1.0 1.8 1.3
Whole cotton seed 0.5 0.6 15 2.0
Fish meal 0.05 0.1
Blood meal 0.05 0.1
Ground corn 1.0
Molasses 1.0 0.75 0.5 1.0 0.5
Premixes 0.5 0.5 05 1.0 1.0

1Comsisting of 33.0% soybean meal, 27% canola meal, 22.5% wheat bran, 11% dried brewer
grain, 4.1% limestone, and 2.4% salts.

2Comsisting of 64% extruded corn, 31.3% soybean meal, and 4.7% energizer-RP10.

3Comsisting of 54.5% soybean meal, 15.0% canola meal, 13.0% dried brewer grain, 11.0% corn
gluten meal, 4.7% salts, and 1.8% biophos.

4Consisting of 58.6% extruded corn, 25.1% soybean meal, 10.9% corn gluten meal, and 5.4%
energizer-RP10.

5Comsisting of 50.0% soybean meal, 27.0% corn gluten meal, 14.0% canola meal, 55% dried

brewer grain, 1.9% salts, and 1.6% limestone.
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Table 2. Chemical compositions of the total mixed ration (TMR).

Item Dry period Transition period Lactating period

Alfalfa-base Peanut-base Alfalfa-base Peanut-base

Dry matter (%) 49,51 51.15 53.69 55.91 55.99
Ash (%) 7.29 7.41 11.75 9.18 10.35
Curde protein (%) 11.44 12.90 14.15 16.48 19.25
Crude fat (%) 2.56 3.96 418 483 434
NDF" (%) 61.36 39.13 4554 42.21 41.49
ADF” (%) 31.75 27.66 40.35 23.38 27.33

' Neutral detergen fiber

? Acid detergen fiber

Sampling procedures
Blood samples were collected from all cows at -2, 1, 2, 3, and 4 wk from parturition.
At sampling, 20 ml of blood were collected from the jugular vein in evacuated tubes. The

tubes were centrifuged at 2500 rpm for 10 min within 2 to 3 hours after collection, and serum

samples were harvested and stored at -20°C. until analysis for glucose, NEFA, [-
hydroxybutyrate, and urea nitrogen concentrations.

Milk samples were collected from all cows twice weekly for 4 wk frorm parturition.
For determination of urea nitrogen in the milk, 1.5 ml of composite milk of each cow was
placed in a microcentrifuge tube. For determination of milk composition, 30 ml of composite

milk was kept in a plastic bottle with potassium dichromate at 0.1% (wt/vol) as a

preservative. All milk samples were stored at 4°C and were analyzed within 7 d.

Assay procedures

Concentrations of serum glucose (Glucose GOD-PAP, Class-1 Laboratories Co., Ltd.,
Bangkok, Thailand), NEFA (NEFA C, Wako Pure Chemical Indrustries Ltd., Osaka, Japan), B-
hydroxybutyrate (RB 1007, Randox Laboratories, San Diego, CA, USA), and urea nitrogen
(Urea Nitrogen Reagent, Class-1 Laboratories Co., Ltd.) were measured enzymatically with
commercially available kits as indicated.

Milk compositions %protein, %fat, %lactose, and %solid non fat, were measured
automatically using Fourier Transform Infrared Spectrophotometer (MilkoScan FT6000

Spectrophotometer). For milk urea nitrogen, samples in microcentrifuges tubes were
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centrifuged at 2500 rpm for 15 min. The fat layer was discarded and the defatted milk was
measured for urea nitrogen using the same kit as used for the serum urea nitrogen

concentration.

Statistical analysis

Data were explored for normal distribution using Kolmogorov-Smirnov test. Normal
distributed data were subjected to analysis of variance using dietary treatment as a fixed
main effect and sampling day as a repeated measure. The homogeniety of variances was
verified using the Levene’s test. Data from the group that was fed alfalfa-base diet and from
the group that was fed peanut-base diet were compared using the Student t test. Within
group, comparison of data between sampling days was performed using the paired Student t

test. The two-sided level of statistical significance was preset at P < 0.05.

RESULTS AND DISCUSSION

Feed intake

Dry matter intake of cows in both groups is demonstrated in Figure 1. During the
first 30 d postpartum, average dry matter intake in cows fed alfalfa-base diet was 17.6 = 1.2
(mean * SD) kg/d and in cows fed peanut-base diet 18.2 = 0.9 kg/d. Dry matter intake did
not differ between both groups during 4 wk of lactation, indicating that propylene glycol did
not effect the dry matter intake in cows fed either 16.5% CP (alfalfa-base) or 19% CP (peanut-

base). This result was consistent with previous study by Miyoshi et al. (2001).

Milk yield and compositions

Milk yield during the 30 d of lactation of cows in both groups is presented in Figure
2. Throughout the experimental period, cows fed alfalfa-base diet produced greater amount of
milk when compared with cows fed peanut-base diet. Average milk yields during 30 days in
milk were 34.8 + 8.7 kg/d and 29.1 + 8.4 kg/d. This finding suggested that higher crude

protein intake did not effect milk yield in cows orally drenched with propylene glycol.
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Figure 1. Average dry matter intake (kg/d) during the first 30 d after parturition of cows in

Mean milk yield (kg/d)

alfalfa-base diet (®; n = 20) and in peanut-base diet (O; n

20). Data represent

means and the error bars are S.E.M.
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Figure 2. Comparison of milk yield during the first 30 d in milk between cows in alfalfa-base

diet (®: n = 20) and cows in peanut-base diet (O: n = 20) groups. Data are means

(+ SEM).
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Table 3. Compositions of milk during the 4 wk postpartum of cows in alfalfa-base diet (n =

20) and in peanut-base diet (n = 20) groups. Data represent means (SEM).

Item Week after parturition

0.b 1 15 2 2.5 3 3.b 4

Milk fat (%)
Alfalfa-base 473 4.85 447 418 4.62 3.28 4.31 3.04
(0.33) (0.35) (0.27) (0.39) (0.61) (0.19) (0.74) (0.27)
Peanut-base 461 452 4.49 4.08 3.56 3.99 3.27 3.20
(0.41) (0.17) (0.41) (0.37) (0.21) (0.54) (0.45) (0.29)
Milk protein (%)
Alfalfa-base 3.72 343 3.14 3.02 2.89 2.81 2.57 2.60
(0.09) (0.06) (0.05) (0.03) (0.04) (0.05)  (0.053)  (0.05)
Peanut-base 4.00 3.59 3.21 3.00 2.90 2.76 2.71 2.71
(0.13) (0.09) (0.07) (0.06) (0.06) (0.04) (0.05) (0.07)
Milk lactose (%)
Alfalfa-base 474 4.87 4.92 5.02 4.95 4.99 4.93 4,99
(0.05) (0.04) (0.02) (0.03) (0.05) (0.05) (0.05) (0.04)
Peanut-base 454 479 4.92 4.93 4.95 4.93 5.00 4,98
(0.12)  (0.071)  (0.05) (0.06) (0.05) (0.06) (0.04) (0.04)
SNF* (%)
Alfalfa-base 9.14 9.00 8.78 8.75 8.55 8.59 8.45 8.53
(0.07) (0.07) (007) (0.04) (0.07) (0.07) (0.08) (0.06)
Peanut-base 9.20 9.08 8.83 8.65 8.55 8.38 8.41 8.38
(0.07) (0.07) (0.07) (0.07) (0.07) (0.08) (0.07) (0.07)

* Solid non fat

Milk compositions of cows during the 30 d of lactation are presented in Table 3. At
the first week of lactation, percentages of fat and protein in the milk were high and the
percentages declined in the second week and became almost at a constant levels at wk 4 of
lactation. The increased fat percentages in the milk might be related to increased lipolysis in
adipose tissue as corresponding to negative energy balance (Rukkwamsuk et al., 2001). Unlike

fat and protein percentages, milk lactose percentages did not change much during the 4 wk
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of lactation. As explained by increased fat and protein percentages in the first week of
lactation, percentages of solid non fat were high at the first week and declined as the protein
percentages declined. Comparing the milk compositions between cows fed alfalfa-base diet
and cows fed peanut-base diet, no difference between percentages of fat, protein, lactose as
well as solid non fat was found. These results suggesting that cows in both groups could
produce satisfactory compositions in the milk at any time of lactation. The levels of crude
protein in the diet did not influence the milk composition. Propylene glycol did not effect the

milk composition in this study as also observed in the other study (Cozzi et al., 1996).

Serum glucose, [-hydroxybutyrate, NEFA, urea nitrogen

Serum glucose, P-hydroxybutyrate, NEFA, urea nitrogen concentrations were
demonstrated in Figure 3, 4, 5 and 6. At 2 wk before parturition, serum glucose
concentrations were 59.5 = 1.1 and 58.7 + 5.6 mg/dL for cows fed alfalfa-base and cows fed
peanut-base diets, respectively. After parturition, serum glucose concentrations decreased
sharply for cows in both groups, indicating that cows suffered some degree of negative
energy balance. Serum glucose concentrations remained at lower levels until wk 4 after
parturition, and did not differed between the two groups (Figure 3). This finding
corresponded well with other previous studies (Van den Top, 1995; Rukkwamsuk et al., 2004).
However, postpartum concentrations of serum glucose in this study were higher than the
previous observation by Rukkwamsuk et al. (2004), indicating that propylene glycol did
improve energy balance of the postparturient dairy cows.

Serum NEFA concentrations did not differ between cows fed alfalfa-base diet and
cows fed peanut-base diet. However, the concentrations in both groups increased after
parturition as cows entering a period of high energy requirement. The concentrations
increased sharply right after calving and remained at high levels and slightly reduced almost
close to the prepartum levels at wk 4 postpartum (Figure 4). Propylene glycol drenched to
cows in both groups reduced degree of lipolysis as also reported earlier (Studer et al., 1993).
During the first week of lactation where the serum NEFA concentrations were at the highest
levels, the milk fat percentages in both groups were also at the highest levels (Table 3).
Therefore, milk fat percentages could be use as a practical parameter for explaining negative
energy balance in postparturient dairy cows, which is also suggested elsewhere

(Rukkwamsuk et al., 2001)
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Figure 3. Comparison of glucose concentrations in the serum measured before and after
parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base

diet (O; n = 20) groups. Data are means (£ SEM).
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Figure 4. Comparison of NEFA concentrations in the serum measured before and after
parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base

diet (O; n = 20) groups. Data are means (£ SEM).

Serum P-hydroxybutyrate concentrations were changed in the same manner as
serum NEFA concentrations. The prepartum concentrations were at the lowest
concentrations, whereas the concentrations during 2 to 4 wk postpartum were higher;
however, concentrations between groups were not different (Figure 5). Increased serum
NEFA concentrations usually followed by increased ketone bodies levels in the blood. This is

in agreement with other previous studies (Van den Top, 1995; Hoedemaker, et al., 2004).
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Figure 5. Comparison of B-hydroxybutyrate concentrations in the serum measured before and
after parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-

base diet (O; n = 20) groups. Data are means (+ SEM).

Serum urea nitrogen concentrations did not differ between groups during prepartum
and postpartum periods (Figure 5). The mean concentrations in both groups remained in a
narrow range between 12 and 15 mg/dL. Apart from being glucogenic precursor, propylene
glycol might improve protein utilization and metabolism in the rumen. Therefore, cows fed
high protein diet (19%) had similar concentrations of serum urea nitrogen to cows fed 16.5%

crude protein in the diet.
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Figure 6. Comparison of urea nitrogen concentrations in the serum measured before and
after parturition between cows in alfalfa-base diet (®; n = 20) and cows in peanut-

base diet (O; n = 20) groups. Data are means (+ SEM).

CONCLUSIONS

Drenching propylene glycol did not effect the feed intake. Furthermore, propylene
glycol administered orally to a cow 7 d before expected calving to 7 d after calving was
proven to be effective in reducing negative energy balance postpartum in both cows fed
alfalfa-base diet and cows fed peanut-base diet. Cows in both groups had a slight drop in
glucose concentrations in the blood after calving. Concentrations of serum NEFA and B-
hydroxybutyrate after calving in both groups of cows were slightly increased. It could be
expected that negative energy balance occurring in cows of both groups was mild. Therefore,
milk production of cows in both groups was not affected by negative energy balance.
However, cows fed alfalfa-base diet seemed to produce more milk than cows fed peanut-base
diet. Milk compositions were also not affected by propylene glycol or diet in this study.
Further study is required to investigate the effect of propylene glycol administered to cows

fed different crude protein levels in the diet on reproductive performance.
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Figure 7. Comparison of urea nitrogen concentrations in the milk measured after parturition
between cows in alfalfa-base diet (®; n = 20) and cows in peanut-base diet (O; n
= 20) groups. Data are means (+ SEM). Asterisk indicates mean milk urea nitrogen
concentrations between the two groups were different (P < 0.05). Daggers indicate
mean milk urea nitrogen concentrations between the two groups tended to be

different (P < 0.1).
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