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ABSTRACT
The transition from late gestation to early lactation is regarded as the most critical period of the production cycle in dairy cows.
Most of metabolic disorders and infectious diseases occur during the transition period because of metabolic and physiological
changes, metabolic stress of pregnancy, calving and lactation, a sudden and marked increase of nutrient requirements for milk
production and a lack of dry matter intake. Milk fever, subclinical hypocalcemia, ketosis, fatty liver syndrome, retained fetal
membranes, metritis, mastitis and displaced abomasum primarily affect dairy cows during this period. Calcium propionate, as a
source of both calcium and energy, has been used for preventing or treating hypocalcemia and ketosis in dairy cows. In this review,
different administration ways of calcium propionate in transition dairy cows were summarized and efficacy of calcium propionate in
prevention or treatment of metabolic disorders was evaluated.
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Geçiş Dönemindeki Fizyolojik ve Metabolik Değişimler ile Doğum Sonrası Süt
İneklerinde Hipokalseminin ve Ketozisin Engellenmesi veya Tedavisinde Kalsiyum
Propiyonatın Kullanımı
ÖZET
Süt ineklerinin yaşam döngüsünde ileri gebelikten laktasyon dönemine geçiş en kritik dönem olarak görülmektedir. Metabolik ve
fizyolojik değişimler, gebeliğin, buzağılamanın ve laktasyonun oluşturduğu stres, süt üretimi için besin maddesi gereksinimlerinin
birden ve belirgin artışı ve kuru madde tüketimindeki yetersizlik sebebiyle metabolik rahatsızlıkların ve enfeksiyöz hastalıkların
birçoğu bu geçiş dönemi sırasında meydana gelmektedir. Süt humması, subklinik hipokalsemi, ketozis, karaciğer yağlanması,
retensiyo sekundinarum, metritis, mastitis ve abomazum deplasmanı, geçiş döneminde süt ineklerini etkileyen başlıca
rahatsızlıklardır. Hem kalsiyum hem de bir enerji kaynağı olan kalsiyum propiyonat, süt ineklerinde hipokalsemi ve ketozisin
engellenmesi veya tedavisi amacıyla kullanılmıştır. Bu derlemede, geçiş dönemindeki süt ineklerinde kalsiyum propiyonatın farklı
uygulama yolları özetlenmiştir ve kalsiyum propiyonatın metabolik rahatsızlıkların engellenmesinde veya tedavisindeki etkinliği
değerlendirilmiştir.
Anahtar Kelimeler: Kalsiyum Propiyonat, Hipokalsemi, Ketozis

INTRODUCTION
The transition period, from 3 weeks before to 3 weeks after parturition, is critically important for health,
production and profitability of dairy cows (Grummer 1995, Drackley 1999). This period is characterized by
tremendous metabolic and endocrine adjustments that the cows must experience from late gestation to the early
lactation (Drackley et al. 2001, DeFrain et al. 2005). The most important physiological changes occurring during
this period are the reduction in dry matter intake around parturition and a sudden increase in nutrients that the
cows need for milk production (Drackley 1999, Ingvartsen and Andersen 2000).
During late pregnancy, the growing uterus occupies an increasing amount of the abdominal cavity and
leads to the physical compression of the rumen, which reduces the volume of rumen. After calving, the uterus
retracts back toward the pelvic inlet (Goff and Horst 1997, Ingvartsen and Andersen 2000).
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The concentration of plasma insulin continually declines in the transition period until calving while
plasma somatotropin concentration rapidly rises during the period from the late stages of pregnancy to the first
days of lactation. Progesterone is the dominant hormone of pregnancy. On the day before parturition, the
concentration of plasma progesterone rapidly falls to nearly undetectable level. In addition, there is a transitory
elevation in plasma estrogen and cortisol concentrations in the periparturient period. Estrogen and cortisol have
their highest plasma concentrations at day 3 before parturition and parturition day, respectively, after which the
concentrations decline to their normal postpartum levels within few days (Grummer 1995, Goff and Horst 1997,
Ingvartsen and Andersen 2000).
The reduction in volume of rumen by the growing fetus and above-mentioned hormonal changes reduce
dry matter intake of dairy cows around parturition (Grummer 1995, Ingvartsen and Andersen 2000). Physical
and metabolic stress of pregnancy, calving and lactation contributes to a reduction in resistance of cows (Goff
and Horst 1997, Melendez 2006). Milk fever, subclinical hypocalcemia, ketosis, fatty liver syndrome, retained
fetal membranes, metritis, mastitis and displaced abomasum primarily affect dairy cows during the transition
period (Drackley 1999, Melendez 2006).
Milk fever (parturient paresis) is a hypocalcemic disorder associated with the onset of lactation in dairy
cows (Goff and Horst 1994, Goff and Horst 1997). Hypocalcemia may be clinical or subclinical (Goff and Horst
1997). Clinical hypocalcemia, also known as milk fever, is a particular concern in the newly calved cow. Most of
cases of milk fever occur within 24 hours of calving (Goff 2008). Generally, cows with milk fever are recumbent
and are unable to rise as a result of low blood Ca (Goff 1999), whereas cows with subclinical hypocalcemia have
no clinical signs of hypocalcemia (Reinhardt et al. 2011). Hypocalcemia reduces dry matter intake, milk
production and fertility and increases the risk of secondary diseases such as ketosis, retained fetal membranes,
displaced abomasum and mastitis and the incidence of dystocia and uterine prolapse (Goff and Horst 1997,
Mulligan et al. 2006a, Goff 2008). Prevention of hypocalcemia, not just milk fever, should be a major goal of
dairy farms (Goff 2008).
Most dairy cows in the early lactation experience a period of negative energy balance due to the
reduction in dry matter intake and a metabolic priority for milk production (Baird 1982, Mulligan et al. 2006b).
As a result, the cows utilize body fat as a source of energy, which leads to excessive body fat mobilization.
Ketosis is caused by negative energy balance and excessive body fat mobilization (Goff and Horst 1997, de Roos
et al. 2007). Ketosis is defined as a metabolic disease characterized by high levels of ketone bodies in blood,
milk and urine. The ketone bodies, acetone, acetoacetate and ß-hydroxybutyrate (BHBA), are formed in the liver
during oxidation of fatty acids (nonesterified fatty acids-NEFA) (Goff and Horst 1997, Mandebvu et al. 2003, de
Roos et al. 2007). There is a close relationship between ketosis and fatty liver syndrome. Extreme rates of body
fat mobilization because of negative energy balance lead to increased triglyceride accumulation in the liver and
if this fat infiltration becomes severe, fatty liver syndrome may result (Drackley 1999, Mulligan et al. 2006b).
Adaptation of rumen to lactation diet that is high in energy density, enhancing dry matter intake,
maintenance of normocalcemia and maintenance of a strong immune system would greatly reduce the incidence
of periparturient diseases in dairy cows (Goff and Horst 1997).
Oral administration of Ca salts prior to and at parturition has been suggested to prevent hypocalcemia in
dairy cows (Goff and Horst 1994, Goff 2008). The use of a source of Ca that has no adverse effects, such as
necrotic lesions in the abomasum, on the digestive tract is preferable. Large amounts of propionate produced in
the rumen as a result of carbohydrate metabolism have no adverse effects. Therefore, calcium propionate might
be expected to be a satisfactory source of Ca (Pehrson et al. 1998). Propionate is the major glucose precursor in
ruminants that are in positive energy balance and is antiketogenic (Pehrson et al. 1998, Drackley 1999).
Depressed dry matter intake during the transition period leads to a lack of propionate supplied for glucose
synthesis in the liver (Drackley 1999, DeFrain et al. 2005). Nutritionally, propionate can be supplied orally in the
form of calcium propionate (Mandebvu et al. 2003, Melendez 2006, Hernández et al. 2009). Calcium propionate
is a white crystalline powder. Molecular formula, molecular weight, density and pH of calcium propionate are
C6H10CaO4, 186.22, 0.56 g/cm3 and 8.5 to 10, respectively (Kara 2009). Calcium propionate, as a source of both
Ca and energy, has been administered to transition dairy cows for prevention and / or treatment of hypocalcemia
and ketosis (Goff et al. 1996, Stokes and Goff 2001, Kara et al. 2009). Calcium propionate can be used by oral
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drenching (Stokes and Goff 2001, Kara et al. 2009), adding to total mixed ration or concentrate mixture
(Mandebvu et al. 2003, Liu et al. 2010) and in a paste or gel form (Goff et al. 1996, Higgins et al. 1996).
In this review, different administration ways of calcium propionate in dairy cows were summarized and
efficacy of calcium propionate in prevention and treatment of metabolic disorders was evaluated.

MILK FEVER AND SUBCLINICAL HYPOCALCEMIA
As the sudden demand for Ca of colostrum and milk production cannot be met by dietary Ca absorption, bone Ca
mobilization and renal Ca resorption, most dairy cows have some degree of hypocalcemia (milk fever or
subclinical) during the early postpartum (Penner et al. 2008, DeGaris and Lean 2009). Hypocalcemia occurs
because Ca leaves the extracellular fluid pool to enter the mammary gland faster than it can be replaced by
intestinal Ca absorption, bone Ca mobilization and renal Ca resorption (Goff and Horst 1997, DeGaris and Lean
2009).
Blood Ca in the adult cows is maintained between 8.5 and 10 mg/dl (2.0 and 2.5 mmol/L) (Goff 2008).
Maintenance of blood Ca within the acceptable range is a balancing act between the Ca demand of milk
production and the cow’s homeostatic mechanisms to maintain blood Ca (Taylor et al. 2008). Clinical signs of
milk fever (clinical hypocalcemia, parturient paresis) often are not seen until serum Ca concentration is about 4
mg/dl (Goff and Horst 1997). Subclinical hypocalcemia is defined as <7.5mg/dl serum Ca concentration (Goff et
al. 1996, Oetzel 1996).
Intestinal Ca absorption and bone Ca resorption are controlled by parathyroid hormone, which is
secreted by the parathyroid glands, and 1,25-dihydroxyvitamin D, which is produced in the kidney (Horst et al.
1994). As there is a decline in blood Ca concentration, parathyroid hormone concentration is increased. When
blood Ca is within the normal range, parathyroid hormone secretion is decreased (Goff 2008, Taylor et al. 2008).
Parathyroid hormone initiates renal production of 1,25-dihydroxyvitamin D to permit Ca homeostasis (Goff et al.
2004). In addition, renal resorption of Ca is enhanced by parathyroid hormone (Goff 2008, Taylor et al. 2008).
Metabolic alkalosis blunts the response of the cow to parathyroid hormone and predisposes dairy cows
to milk fever and subclinical hypocalcemia. Metabolic alkalosis largely occurs as the result of diets high in
cations, especially sodium and potassium, and low in anions, especially chlorine and sulfur. Precalving diets
high in anions and low in cations or containing anionic salts such as ammonium sulfate, magnesium sulfate and
ammonium chloride can decrease the occurrence of hypocalcemia (Goff 2008, DeGaris and Lean 2009). In
addition, many strategies including feeding a precalving diet containing a low Ca concentration, administration
of vitamin D at approximately 1 week before calving and supplementation of Ca at calving have been used for
the prevention of hypocalcemia (Roche et al. 2003).
Cows in first lactation almost never experience milk fever. They may have some degree of
hypocalcemia during the first days of lactation. Their intestine and bone rapidly adapt to the Ca demand of
lactation. As cows age, Ca homeostatic mechanisms react more slowly to the Ca demand of lactation (Horst et al.
1994).
Hypocalcemia reduces smooth muscle contraction, which results in reduced ruminal and abomasal
motility leading to reduced dry matter intake and displaced abomasum (Jorgensen et al. 1998, Goff 2008). The
reduction in dry matter intake at the first days of lactation is exacerbated by hypocalcemia, which increases the
energy deficit of the cow and the risk of ketosis and fatty liver (Goff and Horst 1997, Stokes and Goff 2001). In
addition, tissue uptake of glucose is inhibited since hypocalcemia prevents the secretion of insulin. Reduced
glucose uptake would exacerbate lipid mobilization during the early lactation, thus increasing the risk of ketosis
(Goff and Horst 1997).
Milk fever or subclinical hypocalcemia has been related to dystocia, uterine prolapse and retained fetal
membranes (Mulligan et al. 2006a, b). The loss of muscle tone in the uterus due to hypocalcemia increases the
incidence of dystocia, uterine prolapse and retained fetal membranes (Stokes and Goff 2001, Mulligan et al.
2006b). Dystocia is a risk factor for retained fetal membranes. Retained fetal membranes predispose dairy cows
to metritis (Mulligan et al. 2006a, Melendez 2006). The clear links between hypocalcemia, dystocia and retained
fetal membranes, together with the link between hypocalcemia and periparturient immunosuppression, provide a
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strong basis for the association between hypocalcemia and metritis (Kimura et al. 2006). Hypocalcemia reduces
contraction of the teat sphincter muscle responsible for closure of the teat orifice after milking and may
exacerbate the immunosuppression ordinarily present at calving, which increases the risk of mastitis (Goff and
Horst 1997, Kimura et al. 2006, Goff 2008).

KETOSIS
During the early lactation, dairy cows experience a typical negative energy balance characterized by
mobilization of NEFA from adipose tissue (Herdt 2000), which is explained by low dry matter intake around
parturition and a slower increase in dry matter intake than in milk production during the early lactation. Energy
required for maintenance and milk production exceeds the amount of energy that dairy cows can obtain from
dietary sources (Goff and Horst 1997, Mulligan et al. 2006b, Oliveira et al. 2004). The lowest dry matter intake
occurs at calving. Milk production typically peaks between week 5 to 7 postpartum while maximum dry matter
intake is reached between week 8 and 22 after calving. The rate of an increase in dry matter intake after calving
are affected by the diet fed during lactation, prepartum feeding and body condition score of periparturient cows
(Ingvartsen and Andersen 2000).
Depressed dry matter intake during the early lactation leads to a lack of ruminal propionate supply to
the liver (Drackley 1999, DeFrain et al. 2005). Propionate produced in the rumen after fermentation of
carbohydrates is the major glucogenic volatile fatty acid (DeFrain et al. 2005). Propionate stimulates insulin
secretion, which suppresses NEFA mobilization (Pehrson et al. 1998, Drackley 1999). After propionate is
absorbed by the rumen epithelial wall, it is transported via the portal vein to the liver. Propionate is incorporated
into the tricarboxylic acid cycle through succinyl coenzyme A and is converted to glucose via pyruvate and
oxaloacetate by the liver (Melendez 2006, Allen et al. 2009). Propionate deficiency due to low dry matter intake
and increased lactational demand for energy leads to a lack of oxaloacetate which is used to convert acetate,
butyrate and NEFA to energy in the tricarboxylic acid cycle. As a result, the acetyl-coenzyme A synthesized
from acetate, butyrate and NEFA cannot enter into the tricarboxylic acid cycle and is converted to ketone bodies
(acetone, acetoacetate and BHBA) (Goff and Horst 1997, Kara 2009).
Excessive body fat mobilization occurring as a result of negative energy balance leads to increased
amount of NEFA oxidized by the liver or exported from liver as very low density lipoprotein (Goff and Horst
1997, Drackley 1999, Liu et al. 2010). However, there is a limit to the amount of NEFA that can be oxidized to
completion by the tricarboxylic acid cycle of the liver or exported from the liver. When the limited capacity of
liver is reached, triglycerides accumulate within the hepatocytes and impairing their function (Goff and Horst
1997, Liu et al. 2010).
Ketosis is a typical metabolic disease explained by low dry matter intake, a low level of glucose,
negative energy balance and a high level of fat mobilization in early postpartum cows (Herdt 2000, Guo et al.
2008). Dairy cows are susceptible to ketosis during especially the first 6 to 8 weeks after calving. High
producing cows are more susceptible to ketosis than low producing ones (Melendez 2006, de Roos et al. 2007,
Guo et al. 2008). Although increased concentrations of plasma ketone bodies are normal around calving,
abnormally increased concentrations can lead to clinical or subclinical ketosis (Duffield et al. 2009, Goldhawk et
al. 2009). Subclinical ketosis is defined as serum BHBA concentration above 1.0 mmol/L (Duffield 2000,
Goldhawk et al. 2009). Clinical ketosis may start at serum BHBA concentration above 2.6 mmol/L (Duffield
2000). In addition, serum NEFA concentration is generally higher than 1.0 mmol/L in the cows having ketosis
and fatty liver (Grummer 1993, Herdt and Gerloff 1999). However, these levels are extremely variable among
animals (Duffield 2000).
Body condition score at calving is a measure of adipose tissue reserves that can be used during lactation
to supply energy and precursors for milk fat. Excessive body condition at calving increases losses in body
condition during the lactation and decreases dry matter intake and milk production (Roche et al. 2009). Fat cows
are in a greater negative energy balance and have higher plasma concentration of NEFA (Melendez et al. 2003).
Excessive body condition at calving contributes to the development of metabolic diseases such as fat cow
syndrome, mastitis and metritis (Roche et al. 2009).
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Increased plasma NEFA concentrations during the last 7 days before calving are associated with greater
incidence of ketosis, displaced abomasum and retained fetal membranes (Grummer 1995, Ospina et al. 2010).
High plasma concentration of NEFA may lead to mastitis due to its negative effect on the immune system
(Lacetera et al. 2005, Melendez et al. 2009). Ketosis characterized by increased NEFA and BHBA
concentrations leads to a loss in milk production, a greater incidence of cystic ovaries, increased days open and
increased culling (Melendez et al. 2003, Melendez 2006).

USE OF CALCIUM PROPIONATE IN DAIRY COWS
The studies with calcium propionate in dairy cows were presented in a chronological order.
Goff and Horst (1994) tested the effect of a water soluble carrier (propylene glycol) versus a water insoluble
carrier (soybean oil) on the ability of a single oral dose of calcium chloride and calcium propionate to increase
plasma Ca concentration in nonpregnant and nonlactating Jersey cows. A paste was made by adding 300 ml of
either propylene glycol or soybean oil to 75 g of Ca as either the chloride or propionate salt. 208 g of calcium
chloride containing 36 % Ca and 349 g of calcium propionate containing 21.5 % Ca provided 75 g of elemental
Ca. The paste of calcium chloride made in propylene glycol increased plasma Ca concentration more rapidly
than did the paste of calcium propionate made in propylene glycol. However, the increase in plasma Ca was
sustained longer with calcium propionate. For cows treated with Ca salts administered in soybean oil, plasma Ca
concentrations were not statistically increased over pretreatment concentrations. Goff and Horst (1994) reported
that a water insoluble carrier (soybean oil) decreased the availability of the Ca for absorption, which was likely
because insoluble Ca soaps were formed. The amount of Ca absorbed after oral administration of various Ca
salts depended on the solubility of Ca salt in water (Goff and Horst 1994). Goff and Horst (1994) suggested that
propylene glycol can be used to form a paste that is readily soluble in water. At the same study, Ca salts were
also rectal1y administered to nonpregnant Jersey cows. The cow receiving 97 g of Ca as calcium propionate (463
g) in 4 L of water exhibited a rapid and sustained increase in plasma Ca concentration. Goff and Horst (1994)
observed blood-tinged feces at 6 hours after rectal administration of calcium propionate and the cow exhibited
tenesmus. Mean plasma Ca concentrations of three cows receiving 116 g of calcium propionate (25 g of Ca)
dissolved in 500 ml of water were not significantly increased. No signs of hemorrhage or necrosis were evident
in these cows.
Goff et al. (1996) administered the paste of calcium propionate containing 74 g of Ca and 268 g of
propionate at calving and again 12 hours after calving to Holstein cows. Treating the cows with calcium
propionate significantly decreased the number of cows with subclinical hypocalcemia at 12 and 24 hours after
calving. However, administration of calcium propionate had no significant effect on plasma Ca, NEFA and
BHBA concentrations. In the same study, calcium propionate administered to Jersey cows increased plasma Ca
concentration and decreased the incidences of subclinical hypocalcemia and milk fever, plasma NEFA and
BHBA concentrations at 24 hours after calving.
Pehrson et al. (1998) conducted a comparative study of the effectiveness of calcium propionate and
calcium chloride for the prevention of milk fever in Swedish Red and White and Swedish Friesian cows. The
cows in experimental group received 6 boluses of calcium propionate (each containing 20 g Ca and about 85 g
propionate) between 24 hours before and 24 hours after calving. The cows in control group received 4 doses of
calcium chloride (each containing 54 g of Ca) during the same period. Pehrson et al. (1998) reported that
calcium propionate might be a satisfactory alternative to calcium chloride for the prevention of milk fever.
Calcium chloride is slightly more effective and takes up less volume than calcium propionate. It also is
an acidifying agent (Goff and Horst 1993, Goff and Horst 1994). A mild metabolic acidosis can help enhance Ca
homeostasis. However, a severe metabolic acidosis can occur when repeated treatments of calcium chloride are
administered. In addition, calcium chloride is very irritating to mucous membranes and lesions can be caused in
the upper digestive tract. Since calcium propionate does not induce metabolic acidosis, larger amounts of Ca can
be given (Goff and Horst 1994, Goff 2008). Oral treatments of calcium propionate can increase plasma Ca
concentration within 30 to 60 minutes of administration and plasma Ca concentration remains elevated for about
6 hours (Goff 1999, Melendez 2006).
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Jonsson et al. (1998) investigated the effect of drenching with 349 g of calcium propionate in 200 ml
molasses on plasma Ca and glucose concentrations in lactating and nonlactating Jersey cows. Drenching with
calcium propionate increased plasma Ca concentration by 10 % for periods less than 7 hours and plasma glucose
concentration was also elevated by 11 % for less than 3 hours after the treatment with calcium propionate in
molasses.
Stokes and Goff (2001) reported that 680 g of calcium propionate administered orally to Holstein cows
as two doses at calving and again 24 hours after calving had no significant effect on plasma Ca, glucose, NEFA
and BHBA concentrations and milk production. However, drenching with calcium propionate significantly
decreased the incidence of metritis in this study. Stokes and Goff (2001) observed that the number of cows with
displaced abomasum was more in the group receiving calcium propionate in comparison to control group.
Propionate within the abomasum inhibits contractility of abomasum, thus increasing the risk of displaced
abomasum. In this study, the increased incidence of displaced abomasum was not related to administrations of
calcium propionate (per drench containing 146 g Ca and 7.3 moles glucose precursor) since possible deleterious
effects of propionate in the abomasum could be offset by the beneficial effects of Ca entering the blood to
maintain abomasal motility (2001).
Mandebvu et al. (2003) observed that 110 g/day of calcium propionate (78.43 % propionate and 21.36
% Ca) added into total mixed ration for last 3 weeks prepartum and first 3 weeks postpartum decreased
subclinical ketonuria during week 1 and 2 postpartum in Holstein cows. In this study, Feeding total mixed ration
containing calcium propionate lowered milk fat percentage during weeks 1 to 3 postpartum and tended to
decrease serum NEFA concentration during week 1 postpartum. Lowered milk fat percentage in the cows
receiving calcium propionate can be explained by the reduction in circulating NEFA utilized for milk fat
synthesis by mammary gland. Mandebvu et al. (2003) reported that supplementation of calcium propionate did
not affect milk production and variation of body condition score.
Melendez et al. (2003) administered a single oral dose of 510 g calcium propionate, containing 110 g
Ca, plus 400 g propylene glycol within 6 hours after calving to dairy cows fed anionic diets (-80 mEq/kg dry
matter) during 21 days before expected calving time. The treatment with calcium propionate plus propylene
glycol was not effective in reducing the incidence of calving-related disorders such as milk fever, ketosis, fatty
liver, retained fetal membranes, metritis and displaced abomasum. Pregnancy rate, calving to conception interval
and services per conception were not also affected by the treatment. In addition, administration of calcium
propionate plus propylene glycol did not improve milk production and body condition score.
In the study conducted by Oliveira et al. (2004), daily oral administration of 500 g calcium propionate,
from 11 days before the estimated calving date until 51 days postpartum, did not affect plasma NEFA
concentration, variation of body condition score and the number of days to first postpartum estrus in Holstein
cows.
McNamara and Valdez (2005) investigated the effects of 125 g/day of calcium propionate and
chromium propionate to supply 10 mg of chromium/day on dry matter intake, milk production and composition,
serum glucose and NEFA concentrations in Holstein cows treated from 21 days prepartum to 35 days
postpartum. Propionate salts (calcium propionate, chromium propionate and calcium propionate plus chromium
propionate) added into total mixed ration had no effect on milk production, body condition score, serum glucose
and NEFA concentrations. Milk fat percentage was lower in the groups with calcium propionate and chromium
propionate. Treating cows with calcium propionate tended to increase dry matter intake in both prepartum and
postpartum period. In this study, addition of either calcium propionate or chromium propionate did not increase
rates of lipogenesis during 21 days prepartum. After calving, all cows had a large drop in lipogenesis. However,
rates of lipogenesis in the cows treated with calcium propionate and chromium propionate were much greater
than in control cows at 14, 28, and 56 days postpartum.
Kara et al. (2009) reported that drenching with 680 g of calcium propionate (per drench containing 143
g of Ca) did not affect dry matter intake, body condition score, milk production, the incidence of retained fetal
membranes, serum NEFA and glucose concentrations in lactating Holstein cows. Kara et al. (2009) observed that
two drenches of calcium propionate at calving and 24 hours after calving were beneficial in treating milk fever.
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In the same study, three drenches of calcium propionate at calving, 24 hours after calving and 7 days after
calving significantly decreased the incidence of metritis.
Liu et al. (2010) observed that different amounts of calcium propionate (100 g/day, 200 g/day and 300
g/day) added into total mixed ration during first 63 days of lactation were not affected on dry matter intake, milk
production and composition in Holstein cows. In this study, feeding all supplementation levels of calcium
propionate tended to increase body weight at a higher rate relative to feeding control diet (no calcium
propionate). Increasing supplementation of calcium propionate improved energy status, as indicated by the levels
of higher blood glucose, lower blood BHBA and NEFA and lower urine ketones. Liu et al. (2010) reported that
the optimum dose of calcium propionate was approximately 200 g/day/cow and further increase to 300
g/day/cow was not beneficial to improve concentration of urine ketones.
Peralta et al. (2011) administered a mixture of calcium propionate, propylene glycol and minerals as a
drench in water within 12 hours after calving and at 30 days in milk to Holstein cows. Drenching with the
mixture containing 375 g of calcium propionate and 400 g of propylene glycol increased plasma Ca
concentration but was not effective in reducing plasma NEFA concentration. In addition, Peralta et al. (2011)
reported that administration of the drenches had no significant effect on milk production and milk component,
conception rate, days to first ovulation, days to first estrus, days to first service and services per conception.
Feeding calcium propionate requires less labor in comparison with oral administration of calcium
propionate as a drench or paste and reduces stress. However, the amount of calcium propionate added into total
mixed ration or concentrate mixture is limited since it is unpalatable. Oral administration of calcium propionate
as a drench or paste provides greater amounts of Ca and propionate at once compared with feeding calcium
propionate. To prepare an oral drench, calcium propionate is mixed with warm water (Kara et al. 2009) or
molasses (molasses + water) (Jonsson et al. 1998) and then this solution is delivered into the esophagus via an
esophageal feeder tube. Oral paste of calcium propionate is prepared by mixing with less water in comparison to
preparing drench (Goff et al. 1996) or mixing with propylene glycol or soybean oil (Goff and Horst 1994) and is
packaged into the tube designed for delivery with a caulking gun.
Ca absorption in the rumen is less efficient than in the intestine because the volume of fluid in rumen
will rapidly dilute Ca concentration to a value less than 6 mmol/L required for passive absorption. Pastes reduce
the amount of Ca likely to bypass the rumen. Thus, more Ca must be administered by paste to reach the rise in
plasma Ca concentration obtained by an oral Ca drench. Drenches can lead to severe aspiration pneumonia since
some cows can aspirate the solution (Jonsson et al. 1998, Melendez 2006).

CONCLUSIONS
Nutrition and management of dairy cows during the transition period have received tremendous interest in recent
years because of the increased risk of metabolic disorders such as hypocalcemia and ketosis during this critical
period. Hypocalcemia and ketosis have an etiological role in the reduction in dry matter intake and milk
production, the development of reproductive disorders, fertility problems and infectious diseases. Thus, these
metabolic disorders should be prevented or treated immediately. Calcium propionate has been used for the
prevention and treatment of hypocalcemia and ketosis in dairy cows. The effects of calcium propionate in dairy
cows have been variable due to different breed, body condition, physiological state, milk production and parity
of dairy cows used in the studies, the ratio of concentrate to forage in the diet, the amounts and absorption rates
of Ca and propionate administered as calcium propionate and the quality of calcium propionate product used.
According to the results of studies summarized in this review, administration of calcium propionate mostly had
no significant effect on plasma NEFA and glucose concentrations, milk production, dry matter intake, body
condition score and reproductive parameters. However, calcium propionate was beneficial in increasing plasma
Ca concentration and preventing or treating milk fever and subclinical hypocalcemia.
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