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Simple Summary: As the transition period is the most critical physiological stage of dairy cattle,
propylene glycol as a gluconeogenic precursor was studied either individually or in combination
with glycerol with different doses at different times. Their beneficial effects were recorded regarding
productive and reproductive performances, protection against subclinical ketosis and economics.
Abstract: A total of 108 Holstein cows were used to evaluate the effect of drenching propylene
glycol (PG) either individually or in combination with glycerol (G) on body condition score (BCS),
production, reproductive performance, protection against subclinical ketosis and economic benefit
of dairy cows during the transition period. The six groups (n = 18/group) were; Control group,
cows received no treatment; PG300, cows were drenched 300 mL PG for 7 days pre-expected day
of calving and 21 days post-calving; PG400, cows were drenched 400 mL PG for 7 days pre-and
7 days post-calving; PG500, cows were drenched 500 mL PG for 10 days pre-and 10 days post-calving;
GPG150, cows were drenched a mixture of 150 mL G and 150 mL PG for 21 days pre-and 21 days
post-calving; GPG250, cows were drenched a mixture of 250 mL G and 250 mL PG for 21 days pre-and
21 days post-calving. BCS at 30 days in milk (DIM) was significantly higher in all treated groups in
comparison to the control one and the best values were observed in GPG250, GPG150 and PG500
groups. Lactation length (LL) was significantly (p < 0.001) shorter in GPG250, GPG150 and PG500
groups than control group. There was a significant increment in 305 milk yield (p < 0.001) and
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average daily milk yield (p < 0.001) in GPG250 and PG500 groups than other groups except for
PG300 with the lowest values for control and PG400. Cows in all treatment groups were observed in
heat and conceived earlier as well as had shorter open days and calving interval durations (p < 0.001)
and low number of services per conception (p = 0.004) compared to control group with better results
for PG500 and GPG250 groups. BHB level and percentage of cows suffered from subclinical ketosis at
7 DIM was significantly lower in GPG250, GPG150 and PG500 groups than control group. Cows in
treatment groups had a significantly higher glucose level (p = 0.006) compared to control group.
Regarding to economics, the control group showed the highest feed costs, insemination costs and
total costs per animal. Additionally, control and PG400 groups had the highest cost per kilogram
of milk from total and feed costs compared to other cows. PG300, PG500 and GPG250 groups
recorded a greater net return and income over feed cost (IOFC). In conclusion, the continuous
drenching of propylene glycol either individually or in combination with glycerol regimens for long
duration (PG300, PG500, GPG150, GPG250) during the transition period of dairy cows may reduce
the incidence of subclinical ketosis and consequently improve milk production, reproduction and
economics compared to drenching for short duration (PG400).
Keywords: cattle; glycerol; propylene glycol; production; reproduction; subclinical ketosis

1. Introduction
Keeping profitability of production and reproduction is one of difficult assignments for dairy
herds. The transition period is the most critical physiological stage for dairy cattle [1,2]. During this
period, the feed intake decreases due to decreased rumen capacity during late gestation period due to
fetus growth, and low post-calving appetite which combined with increased nutrients requirements
for colostrum and milk synthesis. These issues force the transition cow to undergo negative energy
balance (NEB) [3]. In a physiological adaptive process, the NEB stimulates lipomobilization in the
form of non-esterified fatty acids (NEFA) and subsequently, beta-hydroxybutyrate (BHB) in the blood,
which is considered the most abundant (78%) type of ketone bodies created by the liver, to overcome
the deficient energy [4]. High level of ketone bodies in body fluids, is an indicative of excessive
lipomobilization, and is often associated with inappetence and decreased milk yield. When dairy cattle
failed to overcome this challenge, some metabolic and infectious disorders appeared which affect their
productive and reproductive performance [5,6].
In a try to minimize the NEB, decrease lipomobilization, the incidence and severity of ketosis
on dairy herds, evaluation of gluconeogenic precursors supplementation in transition cow diets
has received a great attention [7–9]. Gluconeogenic precursors can stimulate gluconeogenesis,
increase plasma glucose, and decrease lipolysis [10]. Propylene glycol (PG) and glycerol (G) are used
as gluconeogenic precursors [9,11–15]. While, G infusion increases plasma glucose concentration
faster than PG, PG maintained a higher plasma glucose concentration for a longer period of time
after infusions than G [9,16]. However, large doses of PG (>500 g/day) can harm cattle that may be
at least partially related to the production of sulfur-containing gases, emitted during fermentation
of PG in the rumen [17,18]. PG can be either fermented to propionate in the rumen or absorbed and
metabolized into glucose by the hepatic cells [19]. Even though, several experiments fed gluconeogenic
precursor by top-dressing rations, few administered it as a drench [9]. Until recently, the price of G was
expensive and not competitive with PG. However, its availability has increased from the expansion
of the biodiesel industry, reducing its cost. Drenching of gluconeogenic precursors was better in
stimulating plasma insulin and reducing plasma NEFA compared with its mixing in a total mixed
ration (TMR) because of low appetite observed in these animals [20]. In addition, PG drenches increase
glucose and insulin and decrease NEFA and BHB plasma concentrations more than G [21]. Most of
previous researches used propylene glycol and/or glycerol as a drench in few doses especially after
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parturition [21]. While, other previous researches used propylene glycol as a powder top dressing;
they used it for long duration extended to 28 days or more [8]. Few studies evaluated the effects of
gluconeogenic precursor in the close- up period. Moreover, limited studies investigated the effect
of different types and their combinations, doses and duration on efficiency of these anti-ketogenic
additives during the transition period regarding to productive and reproductive parameters. Therefore,
it is hypothesized that the type, amount and duration of drenching of gluconeogenic precursors can
affect the reproductive and productive performances of dairy cattle. Therefore, the objective of the
experiment under discussion was to study the efficacy of drenching PG or mixture of PG and G by
different amount and for different durations on milk yield, reproductive performance, BCS, levels of
BHB and glucose and economics of dairy cattle.
2. Materials and Methods
All experimental procedures involving animals were licensed according to the Local Experimental
Animal Care Committee and approved by the ethics of the institutional committee of Animal
Husbandry and Animal Wealth Development, Faculty of Veterinary medicine, Damanhour University,
Egypt (DMU/VetMed-2019-/0145).
2.1. Animals, Management, Experimental Design and Treatment Regimen
This experiment was carried out on a commercial Holstein dairy farm located in Nubaria, Beheira
Province, Egypt. A total of 108 transition pregnant cows, had only one previous lactation, were selected
with average body weight (BW) and body condition score (BCS) of 524 ± 63 kg and 3.63 ± 0.2,
respectively. The expected calving season of these cows was during winter (November-February) and
all these cows were followed up for about one year (subsequent calving) to record their productive
and reproductive data. Animals had free access to water, were fed ad libitum total mixed ration (TMR)
twice according to recommendation of National research council (NRC). Ingredients and chemical
analysis results of TMR fed to the animal throughout the experiment were illustrated in Table 1.
Table 1. Ingredients and chemical analysis of total mixed ration.
Ingredient as Fed (Kg/Head/Day)

Close Up

Milking

Alfalfa hay
Berseem fresh
Corn Silage
Wheat straw
Total Forage
Ground yellow corn
Soybean 48%
Corn gluten feed
Rice Polish
Wheat bran
Molasses, cane
Magnapac
Limestone
Sodium bicarbonate
Mentrax (Chelated)
NEW T-NIL® Dry 1 (Antimycotoxin)
Premix 2

2.25
5.00
16.00
23.25
3.50
0.20
1.50
0.70
0.25
0.01
0.03
0.03

4.00
18.00
15.25
0.75
38.00
7.00
3.00
3.50
2.00
1.90
0.50
0.45
0.090
0.22
0.001
0.04
0.1
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Table 1. Cont.
Ingredient as Fed (Kg/Head/Day)

Close Up

Milking

Nutrients (%) according to feed analysis
Crude Protein
NDF 3
ADF 4
Cellulose
Hemicellulose
Lignin
NDICP 5
ADICP 6
Crude Fat
Ash
NFC 7
NEl(Mcal/kg) 8

15.2
34.43
23.01
18.6
11.42
4.41
2.84
1.75
2.29
10.96
34.38
1.5

18.2
33.71
17.63
15.2
16.08
2.43
2.26
0.71
3.88
9.03
34.83
1.64

1 Ascorbic acid 0.05%, Citric acid 0.75%, Calcium propionate 10.5%, Copper sulphate 5%, Inactivated yeast
(Saccharomyces Cerevisiae) 2%, Sapiolite 41.7%, Bentonite 40%. 2 (Vit. A 10,000,000 IU, Vit D3 2,500,000 IU, Vit. E
35,000 mg, Biotin 1000 mg, Zinc 100,000 mg, Mn 80,000 mg, Cu 30,000 mg, I 800 mg, Co 400 mg, Se 300 mg,
CaCO3 to 3 kg). 3 Neutral Detergent Fiber; 4 Acid Detergent Fiber; 5 Neutral Detergent Insoluble Crude Protein;
6 Acid Detergent Insoluble Crude Protein; 7 Non Fibrous Carbohydrates; 8 Net Energy for Lactation.

Animals were randomly and equally distributed into six groups (n = 18/group) according to
regimen of treatment as follows: Control group, cows received no supplement; PG300, cows were daily
drenched 300 mL propylene glycol (monohydrus, 99% purity, Qingdao Foture International Trade
co., Ltd, Qingdao, China) for 7 days before expected day of calving (283 days gestation length) and
21 days after calving; PG400, cows were daily drenched 400 mL propylene glycol for 7 days pre-and
7 days post-calving; PG500, cows were daily drenched 500 mL propylene glycol for 10 days pre-and
10 days post-calving; GPG150, cows were daily drenched a mixture of 150 mL glycerol (99.7% purity,
PT Willmar Nabati Indonesia Company, Medan, Indonesia) and 150 mL propylene glycol for 21 days
pre-and 21 days post-calving; GPG250, cows were daily drenched a mixture of 250 mL glycerol and
250 mL propylene glycol for 21 days pre-and 21 days post-calving (Figure 1).
All cows were allowed a regular vaccination and deworming against the common epidemic and
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parasitic diseases. In addition, all cows were clinically observed daily by skilled veterinarians for any
signs of illness and metabolic disorders especially ketosis.

Figure 1.
1. Experimental
Experimental design
design and
and treatment
treatment regimen.
regimen.
Figure

2.2. Evaluation of Body Condition Score (BCS), Milk Productivity and Reproductive Traits
Body condition score (BCS) was evaluated by the same expert veterinarian for all experimental
animals (3 times/observation) and was measured at day 0 (day of calving), day 30 and day 75
postpartum using a scale 1 (poor) to 5 (grossly fat) according to Roche et al. [22].

Animals 2020, 10, 937

5 of 13

2.2. Evaluation of Body Condition Score (BCS), Milk Productivity and Reproductive Traits
Body condition score (BCS) was evaluated by the same expert veterinarian for all experimental
animals (3 times/observation) and was measured at day 0 (day of calving), day 30 and day 75 postpartum
using a scale 1 (poor) to 5 (grossly fat) according to Roche et al. [22].
Animals were milked three times a day (2:00 a.m., 10:00 a.m., 6:00 p.m.). Milk yield per animal
during the lactation season was automatically recorded through electronic milk meter fixed in each
milking unit in the parlor and data transferred through network to the computer system. (ALPRO-Herd
Management System-DeLaval Co, Sweden). Milk production of all animals was monitored from the
current calving to the next one and the actual 305d milk yield (305-MY), the actual total milk yield
(TMY), daily milk yield (DMY) and lactation length (LL) or days in milk (DIM) were recorded.
All cows were followed up during late gestation, parturition and puerperium period and
all observations during these periods were recorded. Estrus was detected by pedometer records
through high activity and cows thought to be in heat were inseminated intrauterine 12 h after onset
of estrus using proved good quality semen (ABS, WWS, Alteagenitic) by an expert inseminator.
Pregnancy diagnosis was done by rectal palpation 45 days post-insemination and then was confirmed
rectally 90 days post-insemination. Pregnant cows followed up until its next calving. Days in milk first
breeding (DIMFB), days open (DO), calving interval (CI) and number of service per conception (S/C)
were recorded.
2.3. Blood Metabolites
Blood samples were collected (jugular vein) at day 7 and 14 postpartum and centrifuged
(at 3000 rpm for 15 minutes) for serum collection and analysis of BHB and glucose levels, respectively.
BHB concentrations in serum were analyzed using the Randox D-3 Hydroxybutyrate (Ranbut) assay
and RX monza analyzer for quantitative in vitro determination of D-3-hydroxy butyrate (Ranbut;
Randox Laboratories, Antrion, United Kingdom) [23]. An elevation of BHB concentration above
1.2 mmol/L (12.49 mg/dL) indicates subclinical ketosis in dairy cows [24]. Glucose was assayed by
colorimetric method using a commercial Kit from Biodiagnostic Company (Dokki, Giza, Egypt) and
UV-2100 UV/VIS Spectrophotometer (Shimadzu Corporation, Tokyo, Japan) [25]. Blood samples were
classified according to its glucose level as hypo- (<40 mg/dL), normo- (40–60 mg/dL) or hyperglycemic
(>60 mg/dL) [26].
2.4. Economic Assessments
Economic inputs (daily feeding cost, kilogram of milk price, price of semen straws, price of
each supplement including period of treatment and other daily costs including drugs, disinfectants,
veterinary supervision, labor cost and other miscellaneous costs have been spent on other facilities such
as water and electricity etc,) were used to calculate the feeding cost, insemination cost, supplementation
cost, total costs per animal, total cost per one kilogram of milk, feed cost per kilogram of milk,
milk income, net return and milk income over feed cost. The calculated costs based on the prevailing
prices during the period of the study and were calculated on the basis of Egyptian pound (EGP).
The economic values were converted into US$ in exchange rate (1 US$ = 16.75 Egyptian pound (EGP).
The cost of the supplement was set for entire administration period were (control group (0), 300 mL
PG (18.05 US$/cow), 400 mL PG (12.04 UD$/cow), 500 mL PG (21.49 UD$/cow), 150 mL G + 150 mL
PG (22.55 UD$/cow) and 250 mL G + 250 mL PG (37.59 UD$/cow). Feeding cost was calculated by
multiplying average price of one kilogram dry matter intake (DM) by quantity of (DM) given to the
animal. Semen costs were obtained by multiplying number of services by price of one straw of semen
(8.35 US$). Total costs were calculated throughout the calving interval and they were calculated by
summation of all production costs.
Milk income was calculated as the sum of milk produced per whole lactation multiplied by
milk purchase price. Net return was calculated by subtraction of total costs from total sales of
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milk. Income over feed costs (IOFC) which used to measure income without fixed and labor costs,
was calculated according to Jagannatha et al. [27] as difference between total milk income using mean
milk price received during the trial (0.433 US$/kg) and total feeding costs.
2.5. Statistical Analyses
Milk yield, reproductive and economic parameters were analyzed by using a mixed model
procedure (PROC MIXED), version 9.3 (SAS Institute Inc., Cary, NC, USA). The model for statistical
analyses included the fixed effect of cow’s treatment regimens and the random effect of calving date.
To analyze BCS and average daily milk yield data, repeated measurements was used using the
previously mentioned model. The comparison of means was carried out with Duncan’s multiple range
tests, after verifying normality using Kolmogorov-Smirnov test. Results were declared significant
at p ≤ 0.05. The Chi-square test was used to evaluate the association between supplements and
proportion of dichotomous variables (percentage of animals suffering from sub-clinical ketosis or
hypoglycemia according to BHB or glucose levels, respectively).
3. Results
The cows were apparently healthy all over the period of trials. No signs of illness (including
depression, ataxia, and excessive salivation, as well as abnormal, malodorous, and foul breath and
feces) and/or metabolic disorders were observed in all cows.
3.1. Body Condition Score (BCS), Milk Productivity and Reproductive Traits
Effect of different drenching regimens by gluconeogenic precursors on BCS is shown in Table 2.
The results revealed that, treatment and time had a significant (p < 0.001) effect on BCS and there
was no significant effect of treatment by time interaction (p = 0.116). BCS was significantly higher in
all groups at 0 DIM than at 30 DIM and 75 DIM. Regarding to effect of treatment, BCS didn’t differ
among all groups at calving day. However, at 30 and 75 DIM, the BCS was significantly higher in all
treated groups in comparison with control cows. The highest values were observed in cows treated
with GPG250.
Table 2. Effect of different treatment regimens by gluconeogenic precursors and the time of assessment
on body condition score (BCS).
Gluconeogenic Precursors Supplementation
Item

Control

BCS 0 DIM
BCS 30 DIM
BCS 75 DIM
SEM
p-Value **

3.56 A
2.45 d,B
2.42 b,B
0.07
<0.001

PG300

PG400

PG500

GPG150

GPG250

3.53 A
2.62 b,c,B
2.52 a,b,B
0.08
<0.001

3.63 A
2.55 c,B
2.50 a,b,B
0.06
<0.001

3.59 A
2.77 a,b,B
2.59 a,b,B
0.09
<0.001

3.69 A
2.78 a,b,B
2.56 a,b,B
0.10
<0.001

3.61 A
2.81 a,B
2.65 a,B
0.06
<0.001

SEM

p-Value *

0.03
0.02
0.02

0.116
0.008
0.011

Means within each row carrying different small superscripts are significantly different (p ≤ 0.05). Means within each
column carrying different capital superscripts are significantly different (p ≤ 0.05). SEM: standard error of the mean.
DIM: days in milk. * Effect of treatment. ** Effect of time. The probability values of treatment effect, time effect and
their interaction were <0.001, <0.001 and 0.116, respectively.

The effects of different drenching regimens by gluconeogenic precursors on milk production
parameters, including lactation length (LL), total milk yield (TMY), 305-d milk yield (305-MY) and
daily milk yield (DMY) were illustrated in Table 3. Our results revealed that TMY were not affected by
the levels of the supplement. Lactation length was significantly shorter in GPG250, GPG150 and PG500
groups than that of the control group. The 305-MY and average daily milk yield were significantly
higher in GPG250 and PG500 groups than in other groups except PG300 with the lowest value for
control and PG400. Average daily milk yield during first 100 days and second 100 days and after
200 days was shown in Figure 2, where treatment, time and their interaction had significant (p < 0.001)
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effect on average daily milk yield in first 100 DIM, in second 100 DIM and after 200 DIM. PG500 group
showed the highest daily production in first 100 days in milk, while GPG250 group was the highest
in second 100 days in milk and later compared to other groups. Regarding to time effect, the lowest
average daily milk yield was observed after 200 DIM in all groups.
Table 3. Effect of different drenching regimens by gluconeogenic precursors on productive performance.
Gluconeogenic Precursors Supplementation
Item

Control

LL
TMY
305 MY
DMY

377.83 a
11433.14
9229.30 b,c
30.26 b,c

PG300

PG400

PG500

GPG150

GPG250

342.31 a,b
11744.65
10464.55 a,b
34.31 a,b

346.39 a,b
10069.55
8866.35 c
29.07 c

308.10 b,c
11701.63
11583.90 a
37.98 a

335.67 b,c
11030.11
10022.30 b,c
32.86 b,c

299.50 c
11225.26
11431.14 a
37.48 a

SEM

p-Value *

5.69
213.18
210.78
0.69

<0.001
0.216
<0.001
<0.001

Means with different superscripts in the same row are significantly different (p ≤ 0.05). SEM: standard error of the
mean
LL:10,
lactation
length, TMY: actual total milk yield, DMY: average daily milk yield during whole lactation.8 of 15
Animals
2020,
x
305 MY: milk yield in 305 days. * Effect of treatment.

Figure 2. Effect of different drenching regimens by gluconeogenic precursors and time of assessment
Figure 2. Effect of different drenching regimens by gluconeogenic precursors and time of assessment
on average daily milk yield in first 100 DIM, in second 100 DIM and after 200 DIM. Means within
on average daily milk yield in first 100 DIM, in second 100 DIM and after 200 DIM. Means within
duration with no common small superscript letters are significantly different (p ≤ 0.05) (treatment
duration with no common small superscript letters are significantly different (p ≤ 0.05) (treatment
effect). Means within treatment with no common capital superscript letters are significantly different
effect). Means within treatment with no common capital superscript letters are significantly different
(p ≤ 0.05) (time effect). The probability values of treatment effect, time effect and their interaction were
(p ≤ 0.05) (time effect). The probability values of treatment effect, time effect and their interaction were
<0.001, <0.001 and <0.001, respectively.
<0.001, <0.001 and <0.001, respectively.

All cows had normal parturition, live calf and without retention of the placenta or puerperium
All cows had normal parturition, live calf and without retention of the placenta or puerperium
infection. Effect of different drenching regimens by gluconeogenic precursors on reproductive
infection. Effect of different drenching regimens by gluconeogenic precursors on reproductive
performance is presented in Table 4. The results revealed that cows in all treatment groups showed an
performance is presented in Table 4. The results revealed that cows in all treatment groups showed
improvement in DIMFB, DO, CI and SC compared to cows in control group. The cows in GPG250
an improvement in DIMFB, DO, CI and SC compared to cows in control group. The cows in GPG250
group had the shortest days open and calving interval durations than other groups. The number of
group had the shortest days open and calving interval durations than other groups. The number of
service per conception was significantly lower in cows of PG300, PG500 and GPG250 groups than
service per conception was significantly lower in cows of PG300, PG500 and GPG250 groups than
control group.
control group.
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Table 4. Effect of different drenching regimens by gluconeogenic precursors on reproductive
performance.
Gluconeogenic Precursors Supplementation
Item

Control

DIMFB
DO
CI
S/C

92.89 a
185.89 a
467.89 a
3.83 a

PG300

PG400

PG500

GPG150

GPG250

65.85 b
127.23 b,c
409.23 b,c
2.62 b

69.17 b
141.89 b
423.89 b
2.78 a,b

62.70 b
97.50 b,c
379.50 b,c
1.90 b

65.44 b
115.67 b,c
397.67 b,c
2.67 a,b

54.11 b
81.78 c
363.78 c
2.00 b

SEM

p-Value *

2.87
7.03
7.03
0.16

<0.001
<0.001
<0.001
0.004

Means with different superscripts in the same row are significantly different (p ≤ 0.05). SEM: standard error of
the mean, DIMFB: days in milk at first breeding, DO: days open. CI: calving interval, S/C: number of services per
conception. * Effect of treatment.

3.2. Blood Metabolites
Effect of different drenching regimens by gluconeogenic precursors on serum levels of BHB
and glucose, is clarified in Table 5. Results revealed that BHB at 7 DIM was significantly lower in
GPG250, GPG150 and PG500 groups than control one. The lowest value was observed in GPG250
group. Furthermore, all treated groups showed a significant increase in glucose level at 14 DIM than
control one. Percentage of cows suffered from SCK and hypoglycemia was significantly decreased in
all treatment groups in comparison to control group.
3.3. Economic Parameters
The economic results of different evaluated groups on the production costs and returns were
existed in Table 6. Results of the current study revealed that the highest feed cost, insemination cost and
total cost per animal were for control group. Also, the highest total cost and feed cost per kilogram milk
were seen for control and PG400 groups. Regarding the return parameters, no significant difference
existed in milk return per animal. Besides, the greatest net return and IOFC were found in PG300,
PG500 and GPG250 groups.
Table 5. Effect of different treatment regimens on serum levels of BHB and glucose (mg/dL) as well as
the percentage of cows suffered from subclinical ketosis (SCK) (>12.49 mg/dL) or hypoglycemia (<40
mg/dL).
Gluconeogenic Precursors Supplementation
Item

Control

At 7 DIM

At 14 DIM

PG300

PG400

PG500

GPG150

% of cows suffered from
SCK (number)

61.1 (11)

27.7 (5)

33.3 (6)

16.6 (3)

0 (0)

BHB

13.71 a

a,b

a,b

b,c

9.52 c

% of cows suffered from
hypoglycemia (number)

18.2 (4)

Glucose

43.85

b

12.16

0 (0)
51.77

12.02

0 (0)
a

49.16

a,b

10.26

0 (0)
53.33

SEM

GPG250

0 (0)
7.42

0 (0)
a

54.50

p-Value

0.012

d

0.35

0 (0)
a

51.75

Chi Square Value:

0.005
a

0.96

14.56

<0.001
16.97

0.006

Means with different superscripts in the same row are significantly different (p ≤ 0.05). SEM: standard error of
the mean.

Table 6. Effect of different drenching regimens by gluconeogenic precursors on cost and
return parameters.
Item.
Feed Cost/Animal (US$)
Insemination Cost/Animal (US$)
Total Cost/Animal (US$)
Cost per kg Milk (US$)
Feed cost per kg Milk (US$)
Milk Return (US$)
Net Return (US$)
IOFC (US$)

Gluconeogenic Precursors Supplementation

Control
2779.95 a
31.98 a
3510.33 a
0.31 a
0.24 a
4950.54
1440.21 b,c
2170.59 a,b

PG300

PG400

PG500

GPG150

GPG250

2526.20 a,b
21.87 b
3176.91 b
0.27 a,b
0.22 a,b
5085.43
1908.52 a,b
2559.23 a

2520.86 a,b
23.21 a,b
3188.78 b
0.32 a
0.25 a
4360.12
1171.34 c
1839.26 b

2344.21 b
15.87 b
2948.00 b
0.25 b
0.20 b
5066.8
2118.80 a
2722.59 a

2486.60 b
22.29 a,b
3124.97 b
0.28 a,b
0.23 ab
4776.04
1651.07 b,c
2289.44 a,b

2271.12 b
16.70 b
2868.37 b
0.26 b
0.20 b
4860.53
1992.16 a
2589.41 a

SEM

p-Value

38.45
1.39
49.10
0.01
0.04
92.30
83.00
81.44

0.003
0.007
<0.001
<0.001
<0.001
0.213
<0.001
0.029

Means within each row for each division with no common superscript letters are significantly different (p ≤ 0.05).
SEM: standard error of the mean. IOFC: milk income over feed cost.
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4. Discussion
The nutrition and management of dairy cows during the transition period is very important.
Therefore, many researches focused on using glycerol and/or propylene glycol as drench or feed
additives to reduce NEB and ketosis incidence [5,17]. Glycerol and propylene glycol are gluconeogenic
products, energy-rich components and used as anti-ketogenic in transition period. Dosage of PG is
restricted (≤500 g/day) for its potential toxic effects [17]. Glycerol is safe to be administered as drench in
large amount [16]. However, the high cost limited its use in dairy farms [28,29]. The goals of treatment
by G and/or PG are to stimulate gluconeogenesis, increase plasma glucose, decrease lipolysis and
thereby reduce incidence of ketosis [10].
In our result, PG500, GPG150 and GPG250 groups showed significant decreases in serum
concentration of BHB at 7 DIM with the lowest value in GPG250, and significant increases in blood
level of glucose at 14 DIM compared to control group. The percentage of cows suffered from SCK and
hypoglycemia was significantly decreased in all treatment groups in comparison to control group.
Interestingly, no cow suffered from subclinical ketosis at 7 DIM or hypoglycemia at 14 DIM was
observed in GPG150 and GPG250 groups. This means that PG alone or its mixture with G has been
effective in reducing lipolysis and BHB level and increasing glucose level and then, reducing the
incidence of ketosis. These blood biochemical changes were reflected in cows’ reproductive and
productive performance.
Similar results were reported by many previous researches. Chung et al. [8] concluded that dry PG
supplement as a top dress decreased BHB concentrations and subsequently reduced the incidence of
subclinical ketosis. Kristensen et al. [30] suggested that infusion of 650 mL (mL/kg wt) PG to the rumen
of lactating cows increases plasma glucose concentration as it increases gluconeogenic precursors
and induces insulin resistance. On the other hand, G increased glucose and decreased NEFA and
BHB plasma concentrations after daily (400 mL pure G/day) oral administration during the first 14
DIM compared to the control group [16]. In another study, G decreased plasma NEFA after daily
(500 g G (82.6% purity)/day) oral administration during the first 21 DIM, but did not affect other
metabolites compared to the control group [31]. Additionally, Piantoni and Allen [9] concluded that
dosing 300 mL of PG to the cranial reticulo-rumen is more effective for ketosis treatment than dosing
the double quantity of G due to the extensive metabolism of G by ruminal microbes to metabolites that
are not glucogenic and added that adding G to the recommended dose of PG is doubtful to provide
additional benefit. Intravenous administration of glycerol and PG effectively reduced hyperketonemia
and lipolysis [32].
Our results revealed that, cows in all supplemented groups were observed in heat and conceived
earlier as well as had shorter days open and calving interval durations than the cows in control group.
This may be attributed to the cows in control group were suffered from excessive NEB which can
be observed by monitoring BCS following calving. The current results showed that at 30 DIM the
BCS was significantly higher in all treatment groups than control group. It is known that excessive
BCS loss during the first 30 DIM is associated with delayed ovulation and poor fertility. This can also
explain why the best DIMFB, DO, CI and S/C were observed in GPG250 group followed by PG500
group which had the best BCS at 30 DIM. The postpartum body condition score in lactating animals
is related to the interval to conception [33]. Generally, the best BCS (2.5–4) near AI has a positive
effect on the productive efficiency of lactating cows. Additionally, poor BCS during the early lactation
has a negative effect on pregnancy at first calf heifer [34]. Lower BHB concentrations (plasma BHB
level >1.56 mg/dL) were better for rapid recovery of ovarian activity in primiparous and multiparous
cows [35,36].
Similarly, earlier first ovulation, higher conception rate at first insemination and longer luteal
phase were reported in cows drenched 500 mL PG for 7 to 42 DIM compared with control cows [37].
On the contrary, no changes were found in reproductive performance of cows drenched daily 500 mL
PG 10 d pre to 25 d post-partum [5]. Reproductive organs and processes including oocyte development
require glucose [38]. Hypoglycemia in the early lactation stage indicates an energy priority to lactation
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over reproduction [39]. Short lactation length in GPG250 and PG500 groups considers normal result for
early conception. In spite of short lactation length in GPG250 and PG500 groups, the highest 305-MY
value was observed in these two groups due to the highest average DMY. The average DMY during
first 100 DIM and second 100 DIM was observed in GPG250 and PG500 groups which means that the
cows in these groups reach the peak of milk yield earlier than other groups with high persistency.
Similar results in TMY because groups that had low DMY had long lactation length. Increasing effect
of different gluconeogenic precursors on milk yield was previously reported [8,40] but PG had no effect
on either milk yield or its constituents [17,41]. These results may due to cows were at positive energy
balance. The cause of difference between the results obtained after using gluconeogenic products may
be attributed to many factors including: type, dose, duration, and methods of application. Drenching of
gluconeogenic products especially PG, remains the most effective method without effect on feed intake
compared to its incorporation in TMR.
High proportion of gluconeogenic precursors can escape microbial fermentation and degradation
of the rumen and absorbed intact in the small intestine [42]. The rest of G is metabolized by rumen
microbes mainly to propionate, butyrate, and acetate [8,43] whereas the rest of PG is mainly metabolized
into propionate, propanol, and propanal [30]. By increasing the dose of gluconeogenic precursors,
the acetate to propionate ratio is decreased indicating ruminal conversion of gluconeogenic precursors
to propionate [20]. Finally, propionate is the primary glucogenic substrate in the dairy cow [6]. In the
liver, PG is metabolized into lactate and subsequently to glucose [30] which can support the fetal unit
of placenta during gestation [4]. Constantly, the lactate response to G was minor compared to its major
response to PG and then the faster drop in BHB level was observed in response to PG as compared
to G. However, the more powerful stimulation of insulin release was observed in G when compared
by PG and contributed significantly to the reduction of BHB level [32]. Glycerol can alleviate the
hyperketonemia by substantial hyperglycemia and consequently, increases the capacity of oxidation of
acetyl-CoA via the tricarboxylic acid (TCA) TCA cycle which depletes precursors for ketone bodies
synthesis [17]. As a result, PG and G have different pathways to be metabolized into glucose. Therefore,
their mixture in GPG250 is beneficial for hepatic synthesis of glucose [32,40].
The improvement of production and reproduction in the treated groups was reflected on the
economic benefit. Increasing days open, lactation length and calving interval in control group caused
increasing in the cost specially feed cost. Increasing milk yield caused increasing in return. Economic
losses as a result of ketosis were estimated to total approximately $145/case, which included decreased
milk production, increased days open, treatment of clinical cases and increased culls [44]. It is worth
mentioning that, the beneficial effect in GPG250 is mainly due to PG supplementation. These findings
was supported by the results of Pechova et al [45] who found that, there was no beneficial effect to
glycerol above 500–1000 mL. Also, they reported that 500 mL of glycerol was effective as 300 mL
propylene glycol. The best mixture of PG and G need further research and also the maximum drenching
dose of PG and time interaction is still unknown.
5. Conclusions
Drenching PG300, PG500 and GPG250 can improve milk production. All treated groups recorded
better reproductive performance and higher glucose level than control. The best values of BCS at
30 DIM and the lowest BHB level were for PG500 and GPG mixture groups. Regarding to economics,
control cows showed the highest feed costs, insemination costs and total costs. Cost per kilogram of
milk from total and feed costs was higher in control and PG400 groups compared to other treated cows.
The highest net return and income over feed cost (IOFC) was observed in PG300, PG500 and GPG250
groups. Therefore, we recommend usage of PG300, PG500 and GPG mixture during transition period
of dairy cows for improving of production, reproduction, and economics and reducing incidence of
subclinical ketosis.

Animals 2020, 10, 937

11 of 13

Author Contributions: Conceptualization, M.A.A.-L. and M.M.A.-D.; methodology, N.I.E.-K. and A.E.-W.A.A.;
software, A.E.-W.A.A.; validation, N.I.E.-K., A.A.S. and A.H.A.E.-A.; formal analysis, M.A.A.-L.; investigation,
A.H.A.E.-A; resources, S.A.; data curation, A.A.S. and N.A.B.; writing—original draft preparation, N.I.E.-K. and
A.A.S.; writing—review and editing, M.A.A.-L. and N.A.B.; visualization, A.H.A.E.-A.; supervision, M.A.A.-L.
and M.M.A.-D.; project administration, M.M.A.-D.; funding acquisition, S.A. All authors have read and agreed to
the published version of the manuscript.
Funding: This work was funded by Researchers Supporting Project number (RSP 2019/26), King Saud University,
Riyadh, Saudi Arabia.
Acknowledgments: This work was funded by Researchers Supporting Project number (RSP 2019/26), King Saud
University, Riyadh, Saudi Arabia. Authors extend thanks to their respected institutes and Universities.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

4.
5.
6.
7.
8.

9.
10.
11.
12.

13.

14.
15.

16.

Grummer, R.R. Impact of changes in organic nutrient metabolism on feeding the transition dairy cow.
J. Anim. Sci. 1995, 73, 2820–2833. [CrossRef]
Van Saun, R.J. Indicators of dairy cow transition risks: Metabolic profiling revisited. Tierarztl Prax Ausg G
Grosstiere/Nutztiere 2016, 44, 118–126. [CrossRef]
Wankhade, P.R.; Manimaran, A.; Kumaresan, A.; Jeyakumar, S.; Ramesha, K.P.; Sejian, V.; Rajendran, D.;
Varghese, M.R. Metabolic and immunological changes in transition dairy cows: A review. Vet. World 2017,
10, 1367–1377. [CrossRef]
Bauman, D.E.; Currie, W.B. Partitioning of Nutrients During Pregnancy and Lactation: A Review of
Mechanisms Involving Homeostasis and Homeorhesis. J. Dairy Sci. 1980, 63, 1514–1529. [CrossRef]
Butler, S.T.; Pelton, S.H.; Butler, W.R. Energy balance, metabolic status, and the first postpartum ovarian
follicle wave in cows administered propylene glycol. J. Dairy Sci. 2006, 89, 2938–2951. [CrossRef]
Drackley, J.K. Biology of Dairy Cows During the Transition Period: The Final Frontier? J. Dairy Sci. 1999, 82,
2259–2273. [CrossRef]
DeFrain, J.M.; Hippen, A.R.; Kalscheur, K.F.; Jardon, P.W. Feeding Glycerol to Transition Dairy Cows: Effects
on Blood Metabolites and Lactation Performance. J. Dairy Sci. 2004, 87, 4195–4206. [CrossRef]
Chung, Y.-H.; Rico, D.; Martinez, C.; Cassidy, T.; Noirot, V.; Ames, A.; Varga, G. Effects of Feeding Dry
Glycerin to Early Postpartum Holstein Dairy Cows on Lactational Performance and Metabolic Profiles.
J. Dairy Sci. 2007, 90, 5682–5691. [CrossRef]
Piantoni, P.; Allen, M.S. Evaluation of Propylene Glycol and Glycerol Infusions as Treatments for Ketosis in
Dairy Cows. J. Dairy Sci. 2015, 98, 5429–5439. [CrossRef]
Herdt, T.H.; Emery, R.S. Therapy of Diseases of Ruminant Intermediary Metabolism. Vet. Clin. N. Am. Food
Anim. Pr. 1992, 8, 91–106. [CrossRef]
Johnson, R.B. The Treatment of Ketosis with Glycerol and Propylene Glycol. Cornell Vet. 1954, 44, 6–21.
McArt, J.; Nydam, D.; Ospina, P.; Oetzel, G. A Field Trial on the Effect of Propylene Glycol on Milk Yield and
Resolution of Ketosis in Fresh Cows Diagnosed with Subclinical Ketosis. J. Dairy Sci. 2011, 94, 6011–6020.
[CrossRef] [PubMed]
McArt, J.; Nydam, D.; Oetzel, G. A Field Trial on the Effect of Propylene Glycol on Displaced Abomasum,
Removal from Herd, and Reproduction in Fresh Cows Diagnosed with Subclinical Ketosis. J. Dairy Sci. 2012,
95, 2505–2512. [CrossRef] [PubMed]
Gordon, J.L.; Leblanc, S.; Duffield, T.F. Ketosis Treatment in Lactating Dairy Cattle. Vet. Clin. N. Am. Food
Anim. Pr. 2013, 29, 433–445. [CrossRef] [PubMed]
Rizos, D.; Kenny, D.A.; Griffin, W.; Quinn, K.M.; Duffy, P.; Mulligan, F.J.; Roche, J.F.; Boland, M.P.; Lonergan, P.
The effect of feeding propylene glycol to dairy cows during the early postpartum period on follicular
dynamics and on metabolic parameters related to fertility. Theriogenology 2008, 69, 688–699. [CrossRef]
[PubMed]
Osman, M.A.; Allen, P.S.; Mehyar, N.A.; Bobe, G.; Coetzee, J.F.; Koehler, K.J.; Beitz, D.C. Acute Metabolic
Responses of Postpartal Dairy Cows to Subcutaneous Glucagon Injections, Oral Glycerol, or Both. J. Dairy Sci.
2008, 91, 3311–3322. [CrossRef]

Animals 2020, 10, 937

17.

18.
19.
20.
21.

22.

23.
24.

25.
26.

27.

28.

29.
30.
31.

32.

33.
34.

35.

36.

12 of 13

Nielsen, N.I.; Ingvartsen, K.L. Propylene glycol for dairy cows: A review of the metabolism of propylene
glycol and its effects on physiological parameters, feed intake, milk production and risk of ketosis. Anim. Feed
Sci. Technol. 2004, 115, 191–213. [CrossRef]
Trabue, S.; Scoggin, K.; Tjandrakusuma, S.; Rasmussen, M.A.; Reilly, P.J. Ruminal Fermentation of Propylene
Glycol and Glycerol. J. Agric. Food Chem. 2007, 55, 7043–7051. [CrossRef]
Studer, V.A.; Grummer, R.R.; Bertics, S.J.; Reynolds, C.K. Effect of Prepartum Propylene Glycol Administration
on Periparturient Fatty Liver in Dairy Cows. J. Dairy Sci. 1993, 76, 2931–2939. [CrossRef]
Christensen, J.O.; Grummer, R.R.; Rasmussen, F.E.; Bertics, S.J. Effect of method of delivery of propylene
glycol on plasma metabolites of feed-restricted cattle. J. Dairy Sci. 1997, 80, 563–568. [CrossRef]
Pickett, M.M.; Piepenbrink, M.S.; Overton, T.R. Effects of Propylene Glycol or Fat Drench on Plasma
Metabolites, Liver Composition, and Production of Dairy Cows during the Periparturient Period1. J. Dairy Sci.
2003, 86, 2113–2121. [CrossRef]
Roche, J.R.; Friggens, N.C.; Kay, J.K.; Fisher, M.W.; Stafford, K.J.; Berry, D.P. Invited review: Body condition
score and its association with dairy cow productivity, health, and welfare. J. Dairy Sci. 2009, 92, 5769–5801.
[CrossRef]
McMurray, C.H.; Blanchflower, W.J.A.; Rice, D. Automated Kinetic Method for D-3-Hydroxybutyrate in
Plasma or Serum. Clin. Chem. 1984, 30, 421–425. [CrossRef]
Ospina, P.A.; Nydam, D.V.; Stokol, T.; Overton, T.R. Associations of elevated nonesterified fatty acids and
β-hydroxybutyrate concentrations with early lactation reproductive performance and milk production in
transition dairy cattle in the northeastern United States. J. Dairy Sci. 2010, 93(4), 1596–1603. [CrossRef]
Trinder, P. Determination of blood glucose using an oxidase-peroxidase system with a non-carcinogenic
chromogen. J. Clin. Pathol. 1969, 22, 158–161. [CrossRef] [PubMed]
Mair, B.; Drillich, M.; Klein-Jöbst, D.; Kanz, P.; Borchardt, S.; Meyer, L.; Schwendenwein, I.; Iwersen, M.
Glucose concentration in capillary blood of dairy cows obtained by a minimally invasive lancet technique
and determined with three different hand-held devices. BMC Vet. Res. 2016, 12, 34. [CrossRef] [PubMed]
Jagannatha, S.; Keown, J.; Van Vleck, L.D.; Lewis, A. Effects of Days Open Days Dry, and Season of Freshening
on Income over Feed Cost and 305-Day Mature Equivalent Milk Yield, for Three Different Production Levels.
Prof. Anim. Sci. 1995, 11, 223–229. [CrossRef]
Fisher, L.; Erfle, J.; Lodge, G.; Sauer, F. Effects of propylene glycol or glycerol supplementation of the diet of
dairy cows on feed intake, milk yield and composition, and incidence of ketosis. Can. J. Anim. Sci. 1973, 53,
289–296. [CrossRef]
Sauer, F.D.; Erfle, J.D.; Fisher, L.J. Propylene glycol and glycerol as a feed additive for lactating dairy cows:
An evaluation of blood metabolite parameters. Can. J. Anim. Sci. 1973, 53, 265–271. [CrossRef]
Kristensen, N.B.; Raun, B.M.L. Ruminal and Intermediary Metabolism of Propylene Glycol in Lactating
Holstein Cows. J. Dairy Sci. 2007, 90, 4707–4717. [CrossRef]
Kass, M.; Ariko, T.; Samarütel, J.; Ling, K.; Jaakson, H.; Kaart, T.; Arney, D.; Kärt, O.; Ots, M. Long-term oral
drenching of crude glycerol to primiparous dairy cows in early lactation. Anim. Feed Sci. Technol. 2013, 184,
58–66. [CrossRef]
Kalyesubula, M.; Rosov, A.; Alon, T.; Moallem, U.; Dvir, H. Intravenous Infusions of Glycerol Versus
Propylene Glycol for the Regulation of Negative Energy Balance in Sheep: A Randomized Trial. Animals
2019, 9, 731. [CrossRef] [PubMed]
Zachut, M.; Moallem, U. Consistent magnitude of postpartum body weight loss within cows across lactations
and the relation to reproductive performance. J. Dairy Sci. 2017, 100, 3143–3154. [CrossRef]
Carvalho, P.; Souza, A.H.; Amundson, M.C.; Hackbart, K.S.; Fuenzalida, M.; Herlihy, M.M.; Ayres, H.;
Dresch, A.R.; Vieira, L.; Guenther, J.N.; et al. Relationships between fertility and postpartum changes in
body condition and body weight in lactating dairy cows. J. Dairy Sci. 2014, 97, 3666–3683. [CrossRef]
Shin, E.-K.; Jeong, J.-K.; Choi, I.-S.; Kang, H.-G.; Hur, T.-Y.; Jung, Y.-H.; Kim, I.-H. Relationships Among
Ketosis, Serum Metabolites, Body Condition, and Reproductive Outcomes in Dairy Cows. Theriogenology
2015, 84, 252–260. [CrossRef]
Saby-Chaban, C.; Zhang, W.; Fournier, R.; Servien, R.; Villa-Vialaneix, N.; Corbière, F.; Chastant-Maillard, S.
Progesterone and betahydroxybutyrate in line measurements for a better description and understanding
of Holstein cows fertility in field conditions. In Proceedings of the 8th European Conference on Precision
Livestock Farming (ECPLF), Nantes, France, 12–14 September 2017; p. 7.

Animals 2020, 10, 937

37.

38.

39.

40.

41.
42.
43.

44.
45.

13 of 13

Miyoshi, S.; Pate, J.L.; Palmquist, D.L. Effects of propylene glycol drenching on energy balance, plasma
glucose, plasma insulin, ovarian function and conception in dairy cows. Anim. Reprod. Sci. 2001, 68, 29–43.
[CrossRef]
Berlinguer, F.; Gonzalez-Bulnes, A.; Contreras-Solis, I.; Spezzigu, A.; Torres-Rovira, L.; Succu, S.; Naitana, S.;
Leoni, G.G. Glucogenic supply increases oocyte developmental competence in sheep. Reprod. Fertil. Dev.
2012, 24, 1055–1062. [CrossRef]
Lucy, M.C.; Escalante, R.C.; Keisler, D.H.; Lamberson, W.R.; Mathew, D.J. Short communication: Glucose
infusion into early postpartum cows defines an upper physiological set point for blood glucose and causes
rapid and reversible changes in blood hormones and metabolites. J. Dairy Sci. 2013, 96, 5762–5768. [CrossRef]
Melendez, P.; Severino, K.; Marin, M.P.; Duchens, M. The effect of a product with three gluconeogenic
precursors during the transition period on blood metabolites and milk yield in Chilean Holstein cattle.
J. Appl. Anim. Res. 2018, 46, 613–617. [CrossRef]
Cozzi, G.; Berzaghi, P.; Gottardo, F.; Gabai, G.; Andrighetto, I. Effects of feeding propylene glycol to
mid-lactating dairy cows. Anim. Feed Sci. Technol. 1996, 64, 43–51. [CrossRef]
Omazic, A.W.; Kronqvist, C.; Zhongyan, L.; Martens, H.; Holtenius, K. The Fate of Glycerol Entering the
Rumen of Dairy Cows and Sheep. J. Anim. Physiol. Anim. Nutr. 2014, 99, 258–264. [CrossRef] [PubMed]
Ferraro, S.; Mendoza, G.; Miranda, A.; Gutierrez, C. In vitro ruminal fermentation of glycerol, propylene glycol
and molasses combined with forages and their effect on glucose and insulin blood plasma concentrations
after an oral drench in sheep. Anim. Feed Sci. Technol. 2016, 213, 74–80. [CrossRef]
Kelton, D.F.; Lissemore, K.D.; Martin, R.E. Recommendations for recording and calculating the incidence of
selected clinical diseases of dairy cattle. J. Dairy Sci. 1998, 81, 2502–2509. [CrossRef]
Pechova, A.; Pecinka, P.; Kudrnacova, J.; Pavlata, L. The comparison of propylene glycol and glycerol as feed
additives in early lactation of high producing dairy cows. J. Anim. Feed Sci. 2014, 23, 285–292. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

