v South African Seclaty for Animal Sclence
RkiEn ey FHRAC SR

\ » 5d5dS P LN
South African Journal of Animal Science 2025, Vol 55(4)

Effects of propylene glycol and organic chromium on milk production and
blood parameters in early lactation dairy cows

C. Uyarlar’® A, Rahman?3) |.S, Cetingul*?, E.E. Gultepe!'?, M. Kabu*2,
M.Z. Anwar®? & |. Bayram?

1Department of Animal Nutrition, Faculty of Veterinary Medicine, Afyon Kocatepe University, ANS Campus,
Afyonkarahisarar, Tirkiye
2Department of Animal Sciences, University of Veterinary and Animal Sciences, Jhang Campus, Pakistan
3Key Laboratory of Biochemistry and Molecular Biology, Weifang Key laboratory of Coho Salmon Culturing
Facility Engineering, Weifang University, Weifang 261061, China
“Department of Internal Diseases, Faculty of Veterinary Medicine, Afyon Kocatepe University, ANS Campus,
Afyonkarahisarar, Turkiye
SDepartment of Livestock Management, PMAS Arid Agriculture University, Rawalpindi, Pakistan

(Submitted 14 October 2024; Accepted 26 March 2025; Published April 2025)

Copyright resides with the authors in terms of the Creative Commons Attribution 4.0 South African Licence.
See: http://creativecommons.org/licenses/by/4.0/za

Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the
authors and the South African Journal of Animal Science.

Abstract

This study assessed the effects of supplementing organic chromium (Cr), alone and in
combination with propylene glycol (PG), on milk yield and blood chemistry in early lactation dairy cows.
Thirty multiparous Holstein cows were randomly assigned to three treatments: control (CONT), Cr (1 g
Cr/day), and Cr with PG (CrPG, 1 g Cr/day plus 125 mL liquid PG/day). The study started at calving and
continued for three weeks postpartum. Drenching dairy cows with Cr and PG significantly improved
fertility, with a decrease in the number of days to fall pregnant and a shorter calving interval. Cows
administered CrPG had lower serum concentrations of urea, non-esterified fatty acids, beta-
hydroxybutyric acid, alanine aminotransferase, and aspartate aminotransferase. Serum triglyceride and
very-low-density lipoprotein levels were higher in the CrPG and Cr groups from day 12 after calving
onwards, whereas high-density lipoprotein concentrations were higher in the CrPG and Cr groups from
day nine onwards. Insulin levels were significantly higher in the CrPG and Cr groups than in the CONT
group from the day of parturition to the ninth day postpartum, whereas from the 12th day onwards,
insulin levels were significantly lower in the CrPG group. Gamma-glutamyl transferase levels only
showed significant variation between the treatment groups on the third day after calving. Dietary
supplementation with CrPG during early lactation improved fertility parameters and positively influenced
energy metabolism by reducing non-esterified fatty acid and beta-hydroxybutyric acid concentrations
and increasing insulin concentrations, thus protecting the dairy cows from subclinical metabolic
disorders.
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Introduction

The transition period in dairy cows spans the last three weeks of gestation (the close-up dry
period) and the first three weeks of lactation (Drackley, 1999; Atkinson, 2016). This period is challenging
for cows and frequently leads to metabolic diseases and economic losses. Reduced feed intake,
shrinkage of the rumen, and an increase in nutrient demand owing to milk production and stress factors
during the transition period are intriguing issues to address. This heightened demand, coupled with
reduced ruminal capacity, can result in rapid nutrient depletion. To maintain maximum milk yield and
avoid metabolic diseases, cows must navigate these nutritional changes without complications (Overton
& Waldron, 2004; Zebeli et al., 2015). When comparing the nutritional needs of a cow on the 250th day
of pregnancy with those of a cow on the fourth day of lactation, the requirement for glucose increases
approximately threefold, that for amino acids doubles, and that for fatty acids increases fivefold (Caton
et al., 2019). The negative energy balance that develops after calving therefore results in the rapid
depletion of body reserves. The body initiates several homeostatic reactions to counteract this depletion,
the most important of which is gluconeogenesis (Mekuriaw, 2023). However, gluconeogenesis is
insufficient to compensate for a significant energy deficit, leading to the rapid mobilisation of body fat,
which enters the bloodstream as non-esterified fatty acids (NEFA) (Overton & Waldron, 2004).

The addition of glucose precursors to prepartum rations can protect cows from excessive
adipose tissue mobilisation and subclinical ketosis. Propylene glycol (PG), a glucose precursor, is used
to treat ketosis and reduce NEFA and beta-hydroxybutyric acid (BHBA) levels in the plasma.
Administering PG during the dry period, along with feed restriction, or adding it to concentrated feed, is
more effective than adding it to a total mixed ration (Overton & Waldron, 2004). Supplementation of PG
at 150, 300, and 100 mL per day before parturition, on the day of parturition, and after parturition,
respectively, effectively reduced the NEFA concentration in the blood before parturition and the BHBA
concentrations both before and after parturition (Hoedemaker et al., 2004).

In addition to energy, trace minerals are also vital for metabolic activities and must be obtained
from external sources (Spears 1996; Spears, 2008). Trace minerals can improve performance and have
been shown to protect animal’s vital organs against toxicity (Sozen et al., 2024; Al-Gheffari et al., 2024;
Satti et al., 2024). For instance, chromium (Cr) is a component of the chromodulin protein, which aids
in the transport of glucose to insulin-sensitive cells and plays a role in the activation of insulin receptors
to improve cellular glucose uptake (Vincent, 2004). It has been postulated that Cr increases the number
of insulin receptors and insulin binding at the site of action (Wang & Cefalu, 2010), and may influence
glucose supply by modulating the effects of hepatic cellular respiration (Garcia-Roche et al., 2019).
Providing cows with more Cr than is required during early lactation can therefore protect them from
ketosis. Organic Cr is utilised more effectively than inorganic Cr, with Cr-methionine chelates reducing
NEFA levels and increasing milk yield (Hayirli et al., 2001; Bryan et al., 2004; Wu et al., 2021; Malik et
al., 2023). Several studies on cattle have indicated that Cr supplementation can increase the glucose
clearance rate (Sumner et al., 2007) or reduce insulin release (Stahlhut et al., 2006) following
intravenous glucose administration. Chromium supplementation in cattle diets has also been shown to
increase the immune response (Spears 1996; Spears, 2008) and increase feed intake and milk
production in lactating dairy cows (Smith et al., 2005).

We hypothesised that supplementation with PG and organic Cr may improve milk production,
metabolic state, and blood parameters in early lactation dairy cows by boosting energy metabolism and
insulin sensitivity. Our second hypothesis was that a combination of PG and Cr may work synergistically
to promote energy metabolism in early lactation dairy cattle. Therefore, the present study examined the
effects of organic Cr and PG on milk yield and serum parameters by supplementing dairy cows with
these substances during the transition period.

Materials and methods

The animal study protocol was approved by the Institutional Review Board of the Animal Ethics
Committee of Afyon Kocatepe University (case no. B.30.2.AKU.0.A2.00.00/255), and the trial was
designed to maintain the welfare of the animal subjects.

The research was conducted at a dairy farm in the Nigde Province, located at 34°42' E and
37°59' N, with a capacity of approximately 2000 dairy cows. Healthy, pregnant Holstein dairy cows in
their third lactation were used. A total of 30 cows were selected and assigned to three groups based on
their milk yield (27.67 £ 0.65 L/day), live weight (694.76 = 11.27 kg), and body condition score (BCS:
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3.29 £ 0.13), to ensure homogeneity within each group. The BCS was determined as previously
described (Edmonson et al., 1989), and the cows were provided with standard pre- and postpartum
diets (Table 1).

Table 1 Feed formulation and chemical composition (on a dry matter basis) of the diets provided to
dairy cows pre- and postpartum

Feed ingredients (%, unless stated otherwise) Before parturition Early lactation
Maize silage 21.2 25
Alfalfa hay 5.5 17
Wheat straw 31.4 5
Barley grain 7.5 -
Corn grain 3.4 -
Corn gluten - 4
Linted cotton seed - 8
Soybean meal (48% crude protein) 2 8
Lentil grain 4 4
Canola meal 35 35
Distiller’s dried grain solubles 7.2 7.2
Wet brewer's grains 5 6.5
Wheat bran 4.2 4.2
SoyPass (Borregaard LignoTech) 25 25
Bypass fat (calcium-soap) 0.7 1.7
Molasses 0.8 0.8
Limestone 0.5 0.7
Salt 0.4 0.66
Vitamin-mineral premix! 0.04 0.04
Magnesium sulphate - 0.8
Yeast (Diamond V®, Trouw Nutrition, Amsterdam) 0.06 0.3
Toxin binder (Mycofix, Biomin, Austria) 0.04 0.04
Bypass methionine 0.06 0.06

Chemical composition on a dry matter basis (%)

Crude protein 12 185
Rumen-degradable protein (% of crude protein) 70 66

Rumen-undegradable protein (% of crude protein) 30 34

Net energy for lactation (Mcal/kg) 1.48 1.64
Neutral detergent fibre (%) 46.5 37.3
Acid detergent fibre (%) 29 22.7
Calcium (%) 0.52 0.85
Phosphorus (%) 0.18 0.45

1Rovimix 302-FM/20: each kg of Rovimix contains 15000000 IU vitamin A, 3000000 IU vitamin D3, 20000 mg
vitamin E, 10000 mg manganese, 10000 mg iron, 10000 mg zinc, 5000 mg copper, 100 mg cobalt, and 100 mg
iodine.

Three treatments were applied: the control (CONT), the Cr treatment, and the Cr plus PG
treatment (CrPG). The cows in the CONT group were given only water to drink; the cows in the Cr group
received 5 mg of elemental Cr per day, in the organic form (5 g Co-Factor Ill, 0.1%, Alltech, Ireland);
and the cows in the CrPG group received 5 mg of elemental Cr per day, in the organic form (5 g Co-
Factor Ill, 0.1%, Alltech, Ireland), along with 125 mL of pure liquid PG per day (95% purity, Synergy
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Tarim, izmir, Turkey). Treatments were administered from the day of calving to 21 days postpartum,
with the cows being provided with specific preparations according to their respective treatments
throughout the study period. These preparations were administered via a 500 mL plastic bottle following
morning feeding.

Samples of all the raw materials used in the ration were collected and analysed (Table 1).
Analyses were conducted using proximate analysis methods for crude protein (no: 32.1.22, 920.87),
crude fat (no: 32.2.01, F.4.5.01.920.39C), crude fibre (no: 920.86, 32.1.15), crude ash (no: 32.1.05,
923.03), and dry matter (no: 32.1.03, 925.10), as described by the Association of Official Analytical
Collaboration (1990). Acid detergent fibre and neutral detergent fibre analyses were performed as
reported by Georing & Van Soest (1970). Using the obtained data, net energy levels were calculated as
described by Tse (1991) and Grummer (1993).

The daily milk yield per milking was recorded using a computer-controlled system (DairyPlan,
GEA, Westfalia, Germany). Body condition score was calculated at 21 days of lactation, as described
by Edmonson et al. (1989). Fertility parameters were determined using data from a computerised herd
management system (DairyPlan, GEA), after an experimental period of 21 days.

Blood samples were collected from the coccygeal veins of all animals on days 0, 3, 6, 9, 12, 15,
18, and 21 of lactation, immediately before morning milking (06:50). Blood samples were collected in
plain tubes (Venosafe, Terumo) without anticoagulant and were centrifuged for 15 minutes at 3000 rpm
at room temperature to obtain serum. The serum samples were stored at —20 °C until analysis. Urea
and glucose levels were measured using commercial kits (Roche Diagnostics, Germany) and a Roche
Cobas c111 automatic analyser, while BHBA and NEFA levels were measured using a Chemwell 2910
automatic analyser (Chemwell, Florida, USA), with relevant kits from Randox Laboratories Ltd, UK. The
levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transferase (GGT), high-density lipoprotein (HDL), low-density lipoprotein (LDL), very-low-density
lipoprotein (VLDL), cholesterol (CHO), triglycerides (TG), Cr, and insulin were measured using
commercial kits and an automatic analyser (Chemwell 2910).

Statistical analysis

The Kolmogorov-Smirnov test was used to test for adherence to a normal distribution, and, in
the case of a non-normal distribution, the data were transformed to attain a normal distribution.
Considering the sample size, the Kruskal-Wallis H test was used for comparisons between groups for
each parameter in each period. To determine which specific periods exhibited differences between the
groups, the Mann-Whitney U test was applied. The Friedman test was applied for dependent variables,
to examine changes over time, and the Wilcoxon test was used to identify periods in which differences
occurred within groups. The significance level was set at P <0.05. Data analyses were conducted using
PASW Statistics software (version 18.0).

Results
The milk yield was similar (P >0.05) for the three treatments, and did not differ between the
weeks within each treatment (Table 2).

Table 2 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on the milk
yields (L/day, mean + standard error) of dairy cows

Weeks
Treatment P-value
1 2 3 4
CONT 28.11 £2.02 29.06 £1.71 29.00 +1.59 31.94+1.94 0.093
Cr 26.75 +1.27 28.80 £ 1.83 29.00 +1.88 31.50+1.23 0.125
CrPG 28.28 +1.08 28.67 £0.98 32.72 +2.07 34.06 +1.88 0.066
P-value 0.082 0.189 0.299 0.166

CONT: control, Cr:

1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day
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The number of days non-pregnant after parturition was significantly lower in the CrPG-
supplemented cows than in the Cr and CONT cows. However, the number of days between parturition
and first oestrus and the number of inseminations until pregnant were not affected (P >0.05) by the
dietary treatments. The calving interval was shorter (P <0.05) in the CrPG cows than in the Cr and
CONT cows (Table 3).

Table 3 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on fertility
parameters (mean + standard error) of dairy cows

T Days non-pregnant First oestrus after Number of Calving interval
reatment 2 o . S

after parturition parturition (days) inseminations (days)
CONT 147.04 £ 7.90 26.70 £ 2.02 2.38 +0.56 417.00A £ 7.57
Cr 137.674+ 11.31 29.40 £ 2.39 2.00+0.26 417.00A £ 7.57
CrPG 109.578 + 4.37 29.23 £ 3.40 1.71+0.18 369.008 + 10.24
P-value 0.011 0.760 0.839 0.018

CONT: control, Cr: 1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day.
ABC Uppercase superscript letters within the same column indicate significant differences between treatments
(P <0.05).

The effects of organic Cr and PG supplementation on the BCS of lactating dairy cows were
measured after calving. No significant differences were observed between the treatments; however,
significant differences within treatments were noted, indicating a decrease in the BCS as lactation
progressed, owing to the increase in milk production (Table 4).

Table 4 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on the body
condition scores (mean * standard error) of dairy cows

Days post parturition

Treatment P-value
5 21 30 45

CONT 4,002+ 0.01 3.752b + 0.58 3.5020 + 0.04 3.25° +0.06 0.041

Cr 4,252+ 0.20 3.75% + 0.33 3.752 + 0.18 3.50° +0.99 0.036

CrPG 4.002+0.38 3.75% + 0.51 3.7520 + 0.67 3.25°+0.51 0.032

P-value 0.980 0.877 0.812 0.882

CONT: control, Cr: 1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day.
abc | owercase superscript letters within the same row indicate significant differences over time within each
treatment (P <0.05).

Some blood biochemical parameters exhibited significant time-dependent changes, both
between and within treatments, including the AST, ALT, NEFA, BHBA, urea, HDL, VLDL, triglycerides,
and insulin. When comparing the AST and ALT levels in the blood, significant differences between the
treatments were observed from the sixth day onward and from the day of parturition onward,
respectively. The AST and ALT levels were lower in the CrPG and Cr groups than in the CONT group.
Within-group comparisons also revealed significant differences over time in the CONT, Cr, and CrPG
groups (Table 5).

Serum NEFA concentrations were compared between the treatments on the different days, and
significant differences were observed on the third and 21st days. The NEFA concentration in the CrPG
group was lower than that in the Cr group on the third day (P <0.01), whereas on the 21st day, the two
treatment groups had similar NEFA levels, and these were lower than those of the CONT (P <0.001).
Within-treatment comparisons revealed significant differences over time in the CONT, Cr, and CrPG
groups (Table 5).
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Table 5 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on the blood parameters (mean * standard error) of dairy cows

Days post parturition

Parturition P-value
3 6 9 12 15 18 21
Alanine aminotransferase (ALT) (U/L)
CONT 73.502 + 2.35 87.89° + 2.92 89.60°* +2.25 95224 +3.29  99.50°°+3.94 98.33°+3.84 93.00"°+2.11 105.70°° +2.94 0.001
Cr 74.22% + 1.66 83.102 + 2.41 05.40° +3.41 89.40" +221 88.90""+2.61 86.30°°+2.43 85.40°°+2.44  87.30B+2.39 0.004
CrPG 72.50% + 1.64 76.002 + 4.28 747082+ 355  77.80%2+4.66 80.90%2+2.78  73.10%2+2.37 83.80P+2.42  74.30%2+2.31 0.019
P-value 0.855 0.158 0.000 0.024 0.005 0.000 0.027 0.000
Aspartate aminotransferase (AST) (U/L)
CONT 25.52A2 + 0.69 30.84%° +1.40 31.18%+0.66 21.25°2+0.54 29.78°*+0.21 27.03"°+(0.55 28.64°°°+0.83 35.43"*+0.78 0.001
Cr 23.0482 + 0.62 20.09%° +0.62 20.568°+0.60 21.66"°+0.28 25.23%3+0.59 22.728°+0.80 30.60°°+0.56  32.51%¢+0.67 0.001
CrPG 23.39%2+0.92  17.98°°+0.45 17.05°°+0.20 14.978¢+0.41 16.14°°¢+0.35 18.64°°+0.41 17.75%°+0.33 21.308¢+0.65 0.001
P-value 0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gamma-glutamyl transferase (GGT) (U/L)
CONT 20.10 £ 0.58 21.43A £ 0.62 20.49 £ 0.37 19.61 £ 0.96 19.54 + 0.56 20.09 £ 0.77 21.13+0.72 20.96 £ 1.17 0.066
Cr 20.07 £ 0.62 19.178+0.41 18.62 + 0.50 19.15+0.70 19.65 + 1.05 20.19 £ 0.60 20.02+£0.72 20.75+£0.99 0.692
CrPG 20.77 £0.81 20.0778 £ 0.31 19.36 £ 0.75 20.15 +0.87 20.60+1.24 19.29 £ 0.76 20.32+0.53 20.79 £ 0.98 0.972
P-value 0.653 0.015 0.091 0.635 0.806 0.602 0.479 0.986
Non-esterified fatty acid (NEFA) (mmol/L)
CONT 0.732£0.03 0.93%85 + 0.04 0.782+0.03 0.712 £ 0.03 0.59°¢ + 0.03 0.40% +0.01 0.449+0.02 0.58A¢ + 0.01 0.001
Cr 0.812+0.04 1.08%* + 0.05 0.772+0.03 0.752 £ 0.04 0.54°¢ £ 0.02 0.379+0.02 0.419+0.02 0.398¢ + 0.03 0.001
CrPG 0.822+0.03 0.79%2 + 0.05 0.75% + 0.04 0.67° +0.02 0.61° +0.03 0.42°+ 0.03 0.42°¢+0.02 0.42B¢ +0.02 0.001
P-value 0.115 0.001 0.867 0.331 0.263 0.401 0.449 0.000
Beta-hydroxybutyric acid (BHBA) (mmol/L)
CONT 0.382+0.02 0.67%° + 0.03 0.59%° + 0.02 0.617° + 0.02 0.56% + 0.01 0.59% + 0.01 0.64% + 0.02 0.60% + 0.01 0.001
Cr 0.362 £ 0.02 0.64%° + 0.03 0.53%Bb + 0.03 0.63%° + 0.03 0.52/8¢ + 0.02 0.508¢ + 0.02 0.56%B +0.01  0.538% +0.02 0.001
CrPG 0.362 £ 0.02 0.46%° + 0.02 0.51B° + 0.01 0.46%° + 0.02 0.478 + 0.01 0.46%° + 0.01 0.51B° + 0.02 0.538° + 0.01 0.001
P-value 0.732 0.000 0.016 0.000 0.002 0.000 0.001 0.003

CONT: control, Cr: 1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day. B¢ Uppercase superscript letters indicate significant differences
(P <0.05) in the same column. 2°¢ owercase superscript letters indicate significant differences in the same row (P <0.05).
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Table 5 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on the blood parameters (mean + standard error) of dairy cows
(continued)

Days post parturition

Parturition P-value
3 6 9 12 15 18 21

Urea (mg/dL)
CONT 22.05%2 +0.91 19.79°+1.12  20.64* +0.79 20.117% + 175 21.32°2+0.55 18.86°+1.09 20.76* +0.71 20.11* +0.86 0.005
Cr 21.46"8 £ 1.00 20.72 +0.98 20.28*+0.83 19.9248 + 1.39 20.95%+ 1.23 19.85+0.92 20.844+1.14 20.18 +0.99 0.231
CrPG 20.33%2+0.91 20.002 + 0.75 16.14%°+1.06  17.79%°+1.22  18.17%°+1.22 19.02®*+1.09 15.93B°+0.47 18.69% +1.10 0.001
P-value 0.038 0.589 0.005 0.000 0.003 0.346 0.000 0.183

Low-density lipoprotein (LDL) (mg/dL)
CONT 37.00% + 1.46 35.672+ 1.90 35.482+2.29 38.172+2.41 40.33%° +2.69 41.87*+4.69 42.26% +2.63 45.35°+2.21 0.026
Cr 37.27 £ 1.50 3352+1.71 34.65 + 2.59 42.94 + 2.53 41.00 + 3.30 38.89 +3.29 37.74+4.24 41.15+3.91 0.430
CrPG 38.19+1.11 34.06 +1.49 35.35+1.97 39.78 +1.70 37.50 £ 3.83 37.28 +3.25 45.32 + 2.66 45.19£4.01 0.126
P-value 0.770 0.583 0.934 0.394 0.595 0.887 0.347 0.542

High-density lipoprotein (HDL) (mg/dL)
CONT 65.422 + 1.52 64.322 + 3.69 63.822 + 3.03 3427 +2.12  43.34°°+4.84 31.23*°+240 33.70°°+3.78 35.00"° +2.51 0.001
Cr 64.942 + 1.61 66.15% + 2.94 70.09°+4.38 54558 +3.31 69.63B2+567 76.97B¢+4.53 64.81%3+6.59 68.06%2+5.22 0.011
CrPG 63.87 +1.66 66.10 + 3.51 62.63 +3.70 58.098 + 4.08 68.998 + 4.01 68.178 + 3.87 61.818+4.44 78.258 + 5.03 0.113
P-value 0.634 0.994 0.272 0.000 0.004 0.000 0.001 0.000

Very-low-density lipoprotein (VLDL) (mg/dL)
CONT 3.282+£0.08 2972+ 0.17 2.882+0.14 2.63>+0.13 2.38AP +0.12 2.25%P +0.15 2.03** +0.13 2.16"° + 0.15 0.001
Cr 3.25+£0.11 2.86 £0.15 3.19+£0.16 2.99+0.17 3.268+0.19 2.86"+0.20 2.868 +0.16 3.408 +£0.31 0.306
CrPG 3.20+£0.12 3.10+£0.16 3.25+£0.17 2.95+0.12 2.8478 +0.18 3.108 £ 0.23 3.308+0.18 3.71B+0.15 0.067
P-value 0.901 0.740 0.158 0.122 0.004 0.012 0.000 0.000

Cholesterol (CHO) (mg/dL)
CONT 157.922+1.67 165.18% +3.00 170.60°+1.97 163.582+2.71 167.7682+273 173.51°+3.62 193.81°+2.83 203.56%+ 5.68 0.001
Cr 162.18% +2.22  158.36°+1.96 166.862+2.72 166.792+1.86 169.332+4.21 178.73°+3.87 192.129+2.82 199.68¢ + 2.53 0.001
CrPG 157.522 + 1.69 158.082+3.05 167.89*+2.65 170.54°+1.69 156.672+15.55 183.56°+2.38 193.95¢+4.04 202.279+3.72 0.001
P-value 0.244 0.272 0.727 0.101 0.903 0.122 0.864 0.922

CONT: control, Cr: 1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day. B¢ Uppercase superscript letters indicate significant differences
(P <0.05) in the same column. 8¢ owercase superscript letters indicate significant differences in the same row (P <0.05).
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Table 5 The effects of propylene glycol (PG) and organic chromium (Cr) supplementation on the blood parameters (mean + standard error) of dairy cows
(continued)

Days post parturition

Parturition P-value
3 6 9 12 15 18 21

Glucose (mg/dL)
CONT 55.022 + 1.02 42.38° +1.48 39.60° + 0.67 39.326+1.32 38.27° +1.62 38.18° +1.49 39.92°+1.54 39.93"+1.35 0.001
Cr 53.772 + 1.63 41.33°+3.75 39.77° £ 0.92 40.58°+1.01 39.61° +1.64 38.15° + 1.50 42.04° +1.00 4251°+1.24 0.001
CrPG 54.082 + 1.82 42.43°+1.17 40.95° + 1.45 41.97°+1.51 38.44° + 1.58 41.44° +1.50 42,54 +1.28 42.88°+0.93 0.001
P-value 0.829 0.869 0.312 0.330 0.802 0.208 0.367 0.185

Triglyceride (mg/dL)
CONT 16.402 £ 0.40 15.482 + 0.64 14.40% + 0.71 13.22+0.71 11.897°+0.62 11.40"*+0.82 10.15"°+0.67 10.79"+0.74 0.001
Cr 16.43 +0.58 14.32 £ 0.75 15.96 £ 0.81 14.94 +0.87 16.308 + 0.93 14.3178 £ 0.99 14.298 + 0.79 17.01B+1.54 0.306
CrPG 16.01 £ 0.62 15.49 £ 0.82 16.27 £ 0.87 14.73 £ 0.61 14.22/8 + 0.89 15.508 +1.14 16.498 + 0.88 18.548 + 0.73 0.067
P-value 0.901 0.740 0.158 0.122 0.004 0.022 0.000 0.000

Chromium (ppb)
CONT 61.82 £ 6.45 64.35 £ 4.89 71.13+4.72 66.87 +5.25 68.97 + 3.83 70.01 + 3.50 71.20 +£5.03 71.06 +3.54 0.367
Cr 65.31 + 3.60 65.54 +5.01 65.66 +6.70 65.78 + 8.59 67.83 +5.26 68.53 +4.49 68.89 + 4.45 69.24 + 4.66 0.822
CrPG 63.15 +5.89 66.95 + 3.89 68.85 + 3.47 70.74 + 3.68 67.79 + 4.55 65.26 £ 5.97 64.72 + 4.47 70.57 £4.84 0.901
P-value 0.970 0.833 0.605 0.493 0.779 0.912 0.590 0.983

Insulin (ng/mL)
CONT 3.33A+0.13 2.85A+0.12 3.054+0.17 2.97A+0.45 3.3078 +0.33 3.40% £ 0.40 3.99%8 + 0.96 3.91A+0.13 0.455
Cr 5.2182 +0.30 4.82% +0.19 3.91% +0.19 4.44%° + 0.27 3.95% +0.10 4,218 +0.15 4.48" +0.27 2.92B¢+0.11 0.001
CrPG 3.59%2 + 0.61 3.4672 +0.23 3.39%82+0.15  3.33%82+0.27 2.788°+0.11 2.59% +0.13 2.61B°+0.12 2.3980 + 0.23 0.007
P-value 0.003 0.000 0.012 0.009 0.007 0.001 0.001 0.012

CONT: control, Cr: 1 g Cr supplemented per day, CrPG: 1 g Cr plus 125 mL PG supplemented per day. B¢ Uppercase superscript letters indicate significant differences
(P <0.05) in the same column. 2°¢ owercase superscript letters indicate significant differences in the same row (P <0.05).
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Significant differences in serum BHBA concentrations were observed between the treatments
on all measurement days, except for on the day of parturition. The lowest level was observed on the
day of parturition (0.36 + 0.02 mmol/L) in both the Cr and CrPG treatments, while the highest level was
observed on the third day after parturition in the CONT group (0.67 + 0.03 mmol/L). Within-treatment
comparisons showed differences over time in the CONT, Cr, and CrPG groups (P <0.001) (Table 5).

When comparing serum urea levels between the treatment groups on different days, significant
differences were observed on the day of parturition and on the sixth, ninth, 12th, and 18th days after
parturition. Within-treatment comparisons showed time-dependent differences in the CONT and CrPG
groups (P <0.01 and P <0.001, respectively); however, no difference (P >0.231) was observed over time
in the Cr group (Table 5).

When comparing the serum HDL and VLDL concentrations between the treatment groups on
different days, differences were observed from the ninth day onwards for HDL (P <0.05) and from the
12th day onwards for VLDL (P <0.05). Furthermore, HDL and VLDL concentrations were higher
(P <0.05) in the CrPG and Cr groups than in the CONT group. Within-treatment comparisons showed
differences over time in the CONT and Cr groups (P <0.001) for HDL and only in the CONT group
(P <0.001) for VLDL (Table 5).

Serum triglyceride levels were also compared between the treatment groups on different days,
and notable differences were observed on the 12th (P <0.05), 15th (P <0.05), 18th (P <0.001), and 21st
days (P <0.001) after parturition. Triglyceride levels were significantly higher in the CrPG and Cr groups
than in the CONT group. Within-treatment comparisons over time showed a decrease in the triglyceride
concentration only in the CONT group (P <0.001) (Table 5).

Notable differences (P <0.05) in blood insulin concentrations were observed between and within
the CrPG and Cr groups (P <0.01). Insulin levels were higher in both the CrPG and Cr groups than in
the CONT group from the day of parturition to the ninth day after parturition. However, from the 12th day
onwards, the insulin levels were lower in the CrPG group than in the CONT group (Table 5).

When comparing serum glucose and cholesterol concentrations between the treatment groups
on different days, no differences were observed. However, within-treatment comparisons showed
notable changes in the CONT, Cr, and CrPG groups (P <0.001). In all groups, glucose levels decreased,
and cholesterol levels increased over time (Table 5).

Other blood biochemical parameters, such as the GGT, LDL, and Cr levels, were affected
differently; however, GGT only showed a significant effect of the dietary treatments on the third day,
with no significant effects found for the within-group comparisons. No differences (P >0.05) in the LDL
or Cr levels were observed between the treatment groups, and the within-treatment comparisons only
showed a significant change over time in the LDL levels in the CONT group (Table 5).

Discussion

In this study, the effects of supplementation with Cr and Cr in combination with PG on various
blood and milk parameters in early lactation dairy cows were examined. Dairy cattle face significant
metabolic challenges during early lactation (Overton & Waldron, 2004). The prepartum period can be
considered the preparatory phase for the development of metabolic diseases, whereas the postpartum
period is when these diseases manifest clinically or sub-clinically (Grummer, 1993; Grum et al., 1996).
Additionally, as milk yield increases, the severity of the negative energy balance also increases, leading
to a higher incidence of these diseases (Drackley, 1999; Overton & Waldron, 2004). All the cows used
in this study reached an average daily milk yield of 30 L/day within the first four weeks postpartum.
Therefore, these animals were considered appropriate subjects for evaluating the results of the study,
based on milk yield.

There are contrasting opinions and findings regarding the effects of supplementing dairy cow
rations with Cr on milk yield. Ribeiro et al. (2020) and Wu et al. (2021) reported that Cr supplementation
affected glucose metabolism, increasing both insulin efficiency and gluconeogenesis in the liver, and
thus indirectly enhancing milk yield. However, their studies found that Cr increased the milk yield only
in primiparous cows, with no change in multiparous cows. Similarly, Kafilzadeh et al. (2012) and Leiva
et al. (2015) reported that dietary Cr supplementation did not affect milk production in early lactation
multiparous dairy cows. These results are consistent with those of the current study, which indicated
that the addition of Cr or combined Cr and PG had no effect on milk yield during the first three weeks of
lactation.
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Blood urea levels provide information about both the liver's urea metabolism and the diet's
energy-protein balance (Andjeli¢ et al., 2022). As all the cows consumed the same dietary urea ratio in
this study, the results can be linked to rumen and liver urea metabolism. Serum urea levels were lower
in the CrPG group than in the CONT and Cr groups on the sixth, ninth, 12th, and 18th days of the study,
with the CONT and Cr groups having similar levels. Sevinc et al. (2001) reported that as blood urea
levels increased, the incidence of fatty liver also increased. Additionally, Semacan & Sevinc (2005)
noted a higher incidence of retained placenta in cows with elevated blood urea nitrogen levels. An
increase in blood urea levels also negatively affects fertility, and a meta-analysis of 21 studies stated
that the threshold for the effects of blood urea nitrogen on reproductive performance in cows was 19.3
mg/dL (Raboisson et al., 2017). Our findings suggest that supplementation with combined organic Cr
and PG can reduce blood urea levels, potentially having positive effects on liver metabolism and fertility,
which is consistent with the results of the previous study. Additionally, fertility parameters improved with
supplementation, showing significantly fewer days non-pregnant and shorter calving intervals in the
CrPG and Cr groups. Although the number of inseminations required for pregnancy also decreased
numerically, this change was not statistically significant. Similar findings were reported by Mikuia et al.,
(2020) on improving the fertility parameters of cows. Moreover, in the current study, a reduction in the
days to first ovulation and the number of services required per conception, along with a higher first-
service conception rate, may be associated with better uterine involution. The combined Cr and PG
supplementation may have influenced the postpartum influx of neutrophils into the uterus and reduced
the incidence of endometritis, suggesting a positive effect on uterine health (Yasui et al., 2014).

Non-esterified fatty acids and BHBA provide important information regarding metabolic
diseases, particularly fatty liver disease and ketosis, during the transition period. High levels of these
parameters indicate a high susceptibility to metabolic diseases (Cooke et al., 2007). In the present study,
blood NEFA levels decreased over time, whereas BHBA levels increased in all groups. However, by the
21st and final blood samples of the study, serum NEFA levels were found to be lower in the Cr and
CrPG groups than in the CONT group. The BHBA level in the CrPG group also remained lower than
that in the other two groups from the third day of the study onwards, and was similar to that in the Cr
group only on the 21st day after parturition. The NEFA and BHBA results of this study align with the
results of previous research, in which NEFA levels of 0.60 mmol/L were found immediately after
parturition, with a decrease to 0.42 mmol/L as the weeks progressed in the early lactation period
(Piccione et al., 2012). The BHBA levels were reported as being 0.43 mmol/L, on average, both at
parturition and during early lactation (Piccione et al., 2012). While the NEFA levels decreased over time
in all the treatment groups, this decrease occurred considerably faster in the Cr and CrPG groups than
in the CONT group, and the NEFA concentrations were significantly lower in these two groups than in
the CONT group in the final blood sample. Similarly, the BHBA levels increased over time in all the
treatment groups; however, this increase was much slower in the CrPG group than in the CONT and Cr
groups. Our findings suggest that the combined supplementation of organic Cr and PG may effectively
protect animals from metabolic diseases, particularly ketosis and fatty liver, by helping reduce blood
NEFA and BHBA levels in dairy cows during early lactation.

A decrease in blood glucose levels in dairy cows after parturition may occur because of their
high milk yield and the suppression of feed consumption, which results in a negative energy balance
(Herdt, 2000; Seifi et al., 2007; Pérez-Baez et al., 2021). However, the blood glucose level is affected
by many factors and, on its own, is not a robust parameter for indicating the homeostatic balance and
energy status of the cow, because it may exhibit sudden changes (Herdt, 2000; Seifi et al., 2007).
Chromium-supplemented dairy cows have decreased blood glucose levels because of the indirect
increase in the absorption of glucose into tissues (Spears et al., 2010). Additionally, when Cr is provided
in conjunction with a glucose precursor, blood glucose levels decrease over time. Our findings suggest
that blood glucose levels did not change in response to either Cr or CrPG supplementation, but were
relatively low in the CON group.

Chromium is an essential trace mineral that is involved in the metabolism of carbohydrates,
lipids, and proteins. Dietary Cr supplementation improves insulin sensitivity in dairy cows, indirectly
affecting lipid metabolism and serum cholesterol levels (McNamara & Valdez, 2005). Triglyceride
concentrations were higher in the Cr and CrPG groups, with the increased triglyceride concentration in
late pregnant cows occurring as a result of the reduced responsiveness of the target tissues to insulin.
This, coupled with the enhanced mobilisation of fatty acids from adipose tissue, provides additional
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resources for foetal growth (Adamski et al., 2011). Supplementation with PG has been previously found
to cause a significant reduction in the triglyceride concentration after calving (Rukkwamsuk et al., 2005).

Supplementation with Cr and PG significantly influences insulin concentration and sensitivity.
Chromium enhances insulin signalling pathways, promotes improved glucose uptake by tissues, and
enhances glucose homeostasis. This reduces the requirement for insulin secretion, which aids in the
management of insulin resistance and metabolic disorders. Chirivi et al. (2025) reported that Cr
supplementation can elevate insulin levels during the immediate postpartum period, thereby assisting
in managing the negative energy balance typically present during this period and facilitating lactation.
When Cr is supplemented in conjunction with PG, insulin levels stabilise or decrease as glucose
utilisation improves over time. In the current study, the insulin concentration significantly increased in
response to Cr supplementation, both alone and in combination with PG. In contrast, Cr was not found
to have any notable effects on blood glucose, insulin, cortisol, or serum total protein concentrations in a
previous study (Malik et al., 2024). However, Cr supplementation did result in elevated blood glucagon
levels and reduced NEFA concentrations in transitional cows (Malik et al., 2024).

A negative energy balance commonly occurs during late pregnancy, in the first weeks of
lactation, and as a result of disease (Kaniamuthan et al., 2023). Consequently, the prevention of
metabolic diseases and other disorders is crucial for high milk production. The metabolic profile test
developed by Payne & Payne (1987) significantly contributes to veterinary medicine by analysing
biochemical parameters in the blood of dairy cows. This test confirmed that elevated AST and ALT levels
indicate liver damage or stress. A reduction in hepatic fat can alleviate liver stress, consequently
lowering the AST and ALT levels (Yang et al., 1996). These findings are consistent with the findings of
this study, as AST and ALT levels were lower in the treatment groups than in the CONT group,
suggesting that Cr and PG supplementation protected the cows against fatty liver syndrome. Chromium
improves insulin sensitivity, aids in more efficient glucose utilisation, and decreases the liver's need to
generate glucose from non-carbohydrate sources, thereby reducing liver stress. Furthermore, PG
serves as a glucose precursor, providing extra energy and alleviating the metabolic load on the liver
(Krogh et al., 2011).

In this study, HDL and VLDL levels were higher in the groups supplemented with Cr and
combined Cr and PG than in the CONT group. These supplements also significantly affected lipid
metabolism. High-density lipoproteins play a crucial role in reverse cholesterol transport, and Cr
supplementation has been shown to increase HDL levels, thereby benefiting cardiovascular health.
McNamara & Valdez (2005) reported that Cr supplementation enhanced HDL production, improving the
removal of excess cholesterol from tissues and its transport to the liver for excretion. Furthermore, VLDL
is responsible for transporting triglycerides from the liver to the peripheral tissues. The improved insulin
sensitivity caused by Cr supplementation can lower VLDL synthesis by enhancing lipid utilisation and
reducing triglyceride production in the liver. Vincent (2000) also reported that supplementation with Cr
and PG can help regulate VLDL levels, thereby enhancing overall lipid metabolism.

Conclusions

Dietary supplementation of Cr and PG to early lactation multiparous dairy cows did not
significantly affect milk yield or blood glucose, cholesterol, LDL, GGT, or Cr levels during the transition
period after calving. However, Cr and PG were found to improve fertility parameters, lower NEFA and
BHBA levels, and reduce AST and ALT levels. The combination of PG and Cr increased insulin,
triglyceride, HDL, and VLDL levels on different days, thereby protecting the cows from subclinical
metabolic diseases and improving glucose metabolism. Hence, it can be concluded that the
supplementation of PG and Cr to dairy cattle in early lactation improves energy metabolism, and should
consequently reduce the occurrence of metabolic disorders. Further comprehensive studies are
necessary to examine the effects of glucose precursors administered with Cr to validate these findings.
Nonetheless, the addition of Cr and PG to the diets of post-calving dairy cows appears to support overall
energy metabolism.
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