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Abstract

The objective of this experiment was to evaluate a glycogenic feed additive in terms 
of performance and response in blood metabolites in weaned horses. Twenty weaned 
horses of the Unidad de Policía Montada Metropolitana del Ministerio de Seguridad Pública 
del Gobierno de la Ciudad de México, México, were randomly assigned to two treatment 
groups: control or an oral dose of the glycogenic additive (10 g/d). The additive was 
based on propylene glycol and Na/Ca propionate and was supplied for 30 days. Data were 
tested for normality and initial weight was used as a covariate for analyzing the average 
daily gain (ADG). The ADG was negatively affected (P < 0.01) by the glycogenic compound 
(0.468 vs. 0.517 kg), while there were no significant differences (P > 0.10) in blood glucose, 
globulins, total glucose, triglycerides, cholesterol, creatinine or urea in horses from either 
treatment group. It was concluded that the glucogenic additive, based on propylene glycol 
and Na/Ca propionate, negatively affected the performance of the horses. Therefore, 
administration of the additive is not recommended in weaned horses.
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Resumen

El objetivo de este experimento consistió en evaluar un aditivo glucogénico en el 
rendimiento de los caballos destetados y en la respuesta de los metabolitos sanguíneos. 
Se utilizaron veinte caballos destetados de la Unidad de Policía Montada Metropolitana del 
Ministerio de Seguridad Pública del Gobierno de la Ciudad de México, México. Se asignaron 
al azar a dos tratamientos, control o dosis orales de aditivo glicogénico (10 g/d) donde se 
basó el aditivo propilenglicol y propionatos de Na/Ca, suministrados durante 30 días. Los 
datos se probaron para determinar su normalidad y el peso inicial se usó como covariable 
para los análisis de los datos de ganancia diaria. La ganancia diaria se vio afectada negativa-
mente (P < 0,01) por el compuesto glucogénico (0,468 vs. 0,517 kg), y no hubo diferencias 
significativas (P > 0,10) en las concentraciones de glucosa en sangre, globulinas, glucosa 
total, triglicéridos, colesterol, creatinina. o urea de caballos de cualquier grupo de trata-
miento. En este estudio se concluye que el aditivo glucogénico basado en propilenglicol 
y propionato Na/Ca afectó negativamente el rendimiento del caballo, por lo que no se 
recomienda su administración en caballos destetados.

Palabras clave
creatinina • glucosa • caballos • propilenglicol • triglicéridos

Introduction

The cecum and colon of equidae have been considered to perform a similar function 
to the rumen regarding the metabolism of volatile fatty acids. Experiments with isotopes 
have indicated that about 7% of the total glucose produced is synthesized from propionate 
produced in the cecum (12). However, propionate can be produced from rapidly fermentable 
carbohydrates that can also yield lactate, potentially leading to a cascade of events culmi-
nating in laminitis (21).

Pregnant mares and post-weaning foals are often fed concentrates rich in soluble carbo-
hydrates, together with forage. Recent studies suggest that the use of concentrates is linked 
to alterations of metabolism and the development of osteochondrosis in foals (23).

As an alternative to increasing glucose precursors, glycogenic substances have been 
provided in the diet of ruminants, including propylene glycol (5) and calcium or sodium 
propionate (3, 13). Some feed additives including glycogenic precursors are available for 
horses, however, the scientific information on their benefits is scarce. Some feed additives, 
including glycogenic precursors, are available for horses, however, scientific information 
on their benefits is scarce, there are published data on propylene glycol poisoning (9), and 
in growing foals it may affect sexual maturity and metabolism up to 24 months of age (23). 
Propylene glycol (PG) (1-2 propanediol) is a 3-carbon (C3 H8 O2) molecule derived from 
propylene. When this is fermented in the rumen or cecum, the acetate: propionate ratio 
is decreased, resulting in a more glycogenic pattern of volatile fatty acids, while the pH is 
generally not affected (18).

Therefore, the objective of this experiment was to evaluate the effects of a daily oral dose 
of a glycogenic product on performance and blood metabolites in weaned horses. 

Objective
 
The objective of this experiment was to evaluate a glycogenic feed additive commercial 

(1,2-propanediol and Na/Ca propionate) on performance and blood metabolites in weaned 
horses, as an indicator for the reduction of grains in the diet.
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Material and methods 

This research was conducted at the facilities of the Unidad de Policía Montada Metro-
politana de la Secretaría de Seguridad Pública del Gobierno de la Ciudad de México, Mexico, 
which is located at an altitude of 2,247 m, North latitude of 19°21’30” and West longitude 
of 99°05’35”. The study was performed under the supervision of the Comité de Bioética y 
Bienestar Animal de la Corporación de la Policía Metropolitana de México and according to 
la Ley de Protección Animal del Distrito Federal, México (1).

Twenty weaned male Azteca horses (six months old) with initial weights ranging from 
144.03 to 179.21 kg and an average weight of 164.35 ± 5.87 kg (µ ± standard error), were 
randomly allotted to the following two treatment groups: 1) control (10 ml distilled water) 
or 2) an oral dose of 10 g/d of glycogenic additive (LipoFeed PB®; Premezclas Energéticas 
Pecuarias S.A. de C.V., México) based on 1,2-propanediol and Na/Ca propionate in distilled 
water, which was dosed according to the manufacturer´s instructions after the first meal of 
the day. All horses where they were housed in individual stables, with feeder and access ad 
libitum to water, the water was not analyzed, because it is the same water that is supplied 
for human consumption. 

The fed a ration (dry basis) composed of 20% commercial concentrate (Super Champion 
Horse® Nutrigafer S.A. de C.V., México), 60% oat straw and 20% alfalfa hay, with a nutrient 
content dry matter (DM) basis consisting of 12.6% crude protein (CP), 3.4% ether extract 
(EE), 30.4% neutral detergent fiber (NDF), and 16.3% acid detergent fiber (ADF). 

At weaning the foals were weighed weekly during the first post-weaning month, initial 
weight (IW) and final weight (FW) were recorded to estimate live weight changes. Live 
weight was recorded using a balance with a capacity of 2 t in order to estimate the horses’ 
average daily gain. The blood concentrations of metabolites were determined from blood 
samples collected via jugular venipuncture 3 h after feeding on day 30 of the experiment. 
After collection, the blood samples were centrifuged at 1500 x g for 20 min. The blood 
samples were kept refrigerated during transport and sampling and were analyzed within 
the first 6 h after extraction. Blood glucose was measured using glucose oxidase, urea using 
urease, creatinine using picric acid, triglycerides using a four-step enzymatic procedure and 
cholesterol using cholesterol esterase/cholesterol oxidase (14).

To determine the volatile fatty acid profile of the feed additive, a sample of the glyco-
genic product (20 mg) was dissolved in methanol and subjected to gas chromatography 
(6890; Agilent, Santa Clara, CA) using propionic, acetic and butyric acids as standards 
(Sigma-Aldrich Canada, Oakville, ON, Canada). Samples of the glycogenic product were also 
analyzed for organic matter and ashes (2) and the gross energy was determined using an 
adiabatic bomb calorimeter (Model 1241; Parr Instrument Co., Moline, IL). Data were tested 
for normality and analyzed with JMP7 software (24). Initial weight was used as a covariate 
for analyses of daily gain data and blood metabolites (4).

The results were analyzed according to a completely randomized design with two treat-
ments and the initial weight was used as a covariate (25).

Results 

Oral administration of the glycogenic additive, which was based on propylene glycol 
and Na/Ca propionates, for 30 days negatively affected (P < 0.01) daily gain in the weaned 
horses (table 1, page 392), while there were no significant differences in blood metabolites 
associated with energy metabolism between horses in the treatment and control groups 
(P > 0.10). The product analyzed contained a high amount of ash (56.08 ± 0.56), low gross 
energy (1.316 ± 0.080 Mcal/kg) and low propionate concentration (21.767 mM).
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Table 1. Effect of daily dosing of the glucogenic additive (GA) on the performance and 
blood metabolites of weaned horses.

Tabla 1. Efecto del aditivo glucogénico (GA) dosificado diariamente sobre el rendimiento 
de caballos destetados y metabolitos sanguíneos.

Control GA
5 g/d SEM1 P-value

Average daily gain, kg* 0.517 a 0.468 b 0.0185 0.049
Final weight, kg* 258 a 248 b 4.78 0.0009
Glucose, mg/dL 1762.69 1716.92 55.13 0.13
Triglycerides, mg/dL 483.00 208.25 99.75 0.96
Cholesterol, mg/dL 944.04 913.58 39.59 0.52
Creatinine, mg/dL 3200.0 2000.0 858.6 0.21
Urea, mg/dL 35.62 95.15 35.32 0.27

*Initial weight was used 
as a covariate (P < 0.05). 

a,b, Indicates that 
there is a significant 

difference between the 
two letters (P < 0.05). 

1SEM: Standard error of 
the mean. 

*Peso inicial utilizado 
como covariable 

(P < 0,05). a, b, Las 
medias con distintas 
letras son diferentes 

(P < 0,05). 1SEM: Error 
estándar de la media.

Discussion

The negative effects from the feed additive may be associated with its propylene glycol 
content (the product label indicates that it contains 3.3% 1,2-propanediol). Propylene 
glycol is metabolized to lactate in the liver, via hepatic alcohol and aldehyde dehydroge-
nases, which can then be used for gluconeogenesis (6), however, even when the concen-
tration of propylene glycol in the blood is low, it may increase lactate in the blood. Non-fatal 
intoxications with propylene glycol have been reported from lower doses (8) but fatal toxi-
cosis has been reported following the accidental oral administration of 6.0 ml propylene 
glycol/kg (15) or 3.8 L of propylene glycol (9). In our experiment, no signs of clinical toxi-
cosis were observed in the horses, however, they did refuse oral drenches of the additive. 

Although propylene glycol oral drenches have been shown to increase blood glucose 
concentrations in ruminants (5, 11), in the current study, the glucose and other blood 
metabolites remained unchanged. In horses, propylene glycol is metabolized in the liver, 
while in ruminants it is metabolized in the rumen through propionate. Additionally, Ca and 
Na propionate did not have any beneficial effects on the horses’ blood glucose concentra-
tions. The addition of Ca propionate in vitro (17) or to lambs’ diets (16) has failed to increase 
propionate in rumen fermentation, therefore, it is unlikely to have an impact through cecal 
fermentation in horses. The additive did not demonstrate any glycemic effectiveness from 
the propionates or the propylene glycol. 

The National Research Council (NRC,) for horses (19) has not recognized glycogenic 
compounds in feed. In contrast, it has presented a list of additives that improve animal health 
and performance, such as probiotics, enzymes, herbs and botanical oligosaccharides, yeast 
cultures and extracts that can affect cecal fermentation (10). Based on the measured energy, 
ash and propionate, the glycogenic additive did not contain the energy (not credible and 
biological values) and Na/Ca propionates reported on the data sheet from the manufacturer 
(approximately 54 mM equivalent of propionate). Concern has been expressed regarding the 
lack of regulation and the availability of some products that prevent or treat osteoarthritis 
in horses (7, 20, 22). These concerns may be extrapolated to products containing propylene 
glycol that should not been recommended as feed additives in equine nutrition.

Conclusion

It was concluded that the glycogenic additive under study, based on propylene glycol and 
Na/Ca propionate, negatively affected performance and should not be fed to horses.
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