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Abstract: Problem statement: The transition period is the most stressful time in the production cycle 
of a dairy cow because of depressed feed intake, endocrine and metabolic changes at parturition. The 
aim was to determine the effect of rumen acid load on postpartum performance and metabolic 
parameters in transition Holstein cows. Approach: The Acidogenicity Values (AV) of the diets were 
determined using an In-vitro essay. Thirty late pregnant multiparous Holstein cows with the average 
yielding of 9800 Kg/year were housed. Three weeks before the expected date of calving, cows were 
randomly assigned to receive either: (a) High AV (AV11.9) diet (n = 16) (b) Low AV (AV10.7) diet 
(n=14). Blood samples were collected from the coccygeal vein once a week at a consistent time after 
morning feeding from d 10 till d 42 postpartum and were analysed for Beta Hydroxybutyrate (BHB), 
Non-Esterified Fatty Acids (NEFAs), glucose and Blood Urea Nitrogen (BUN). Milk samples were 
collected from each milking once per week and composited for subsequent analysis of milk 
composition. Results: Overall subsequent milk yield of animals in high AV was higher compared to 
the other group (41.9 and 37.8 kg). Although milk fat percentage of the low AV group was higher than 
the other group (3.7 and 3.5%), however there was no significant effect of the diets on milk protein. 
Plasma NEFA and BHBA was reduced significantly in animals receiving the high AV diet. Although 
the concentration of glucose was markedly higher in high AV animals, however the BUN 
concentration was lower compare to the low AV group. Conclusion: The results of the present study 
demonstrated that high grain prepartum diets have dramatic impact on postpartum performance and 
blood metabolic parameters.  
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INTRODUCTION 

 
 The transition period is the most stressful time in 
the production cycle of a dairy cow because of 
depressed feed intake, endocrine and metabolic changes 
at parturition. Suboptimal transition from the late-
gestation period to lactation can impair production and 
reproductive performance and cause economic losses 
(Drackley, 1999; Overton and Waldron, 2004). The 
degree of fatty acid mobilization before calving, as 
indicated by plasma Non-Esterified Fatty Acids 
(NEFA) concentrations, has been positively related to 
the incidence of dystocia, retained placentas, ketosis, 
displaced abomasums and mastitis in the peripartum 
period (Grummer, 1993). One way to offset reduced 

energy intake associated with feed intake depression is 
to increase energy density by increasing Non-fiber 
Carbohydrate (NFC) of the diet. An increase in dietary 
NFC may lead to greater propionate concentration in 
the rumen (Batajoo et al., 1994), which may promote 
insulin secretion (Harmon, 1992). Because insulin is 
antilipolytic, an increase in dietary NFC might decrease 
plasma NEFA and reduce hepatic conversion to 
triglycerides and ketones. Another advantage of 
increasing NFC content in the prepartum diet is to 
increase development of rumen papillae and Volatile 
Fatty Acids (VFAs) capacity absorption from the rumen 
(Dirksen et al., 1985). Development of rumen papillae 
is essential to minimize ruminal VFA accumulation, 
ruminal pH reduction and the likelihood of acidosis 
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when NFC is further increased postpartum. However, 
there is a need to manage the inclusion of NFC diets to 
avoid reduced performance due to subacute ruminal 
acidosis and an increased incidence of clinical acidosis 
and related disorders (Garrett et al., 1999). An in vitro 
work has assessed and evaluated a new technique 
(acidogenicity value; AV) for studying the production 
of acids during rumen fermentation (Wadhwa et al., 
2001). It was proposed that the high concentration of 
starch in wheat grain is a critical point in AV of a dairy 
cow diet. Moreover, the impact of different close-up 
dry cow diets on rumen acid load has not been 
evaluated. The objective of this study was to evaluate 
the effect of high grain peripartum diet on postpartum 
blood plasma metabolic parameters and subsequent 
milk production and composition. 
  

MATERIALS AND METHODS 
 
Diets and in-vitro trial: Two commercial dairy diets 
(forage: concentrate as 1:1) containing different 
concentrations levels of AV were provided (Table 1). 
The acidogenicity values of the diets were determined 
using the procedure as described by Danesh Mesgaran 
et al. (2009) (XIth International Symposium on 
Ruminant Physiology, 2009). Briefly, Samples were 
oven-dried (48 h, 68 °C) and ground through a 1-mm 
screen on a laboratory mill. One-gram (DM) sample 
were weighed and incubated, in triplicate, with 30 ml of 
buffered rumen liquor comprising 60% buffer and 40% 
rumen liquor. The buffer was made up at 20% of the 
strength of the Tilley-Terry (1963) buffer. Cysteine 
hydrochloride monohydrate (0.025% wt/vol) was added 

just prior to incubations. The rumen fluid was collected, 
3 h after morning feeding, from four fistulated sheep 
that was maintained on lucerne hay and concentrates 
(70 to 30% in the DM). The incubations were carried 
out in 100-ml bottles held in a water bath at 38.7 °C. 
Samples (2 ml) were withdrawn from bottles after 24 h 
and transferred to 2-ml micro tubes containing 50 mg 
(excess) of CaCO3 powder. The mixture was shaken 
manually for 5 s and then centrifuged (4000 rpm for 10 
min) before analysis of Ca content in the supernatant 
using Atomic Absorption. The AV was calculated as 
the product of Ca concentration (from the analysis) and 
fluid volume (30 mL) divided by the sample weight. 
 
Animals: Thirty late pregnant multiparous Holstein 
cows with the average yielding of 9800 Kg/year were 
housed. Three weeks before the expected date of 
calving, cows were randomly assigned to receive either: 
(a) High AV (AV11.9) diet (n=16) or (b) Low AV 
(AV10.7) diet (n=14) and the average dry matter intake 
was 12.2 Kg/head/day. After calving, animals in each 
group received the lactation TMR diet (Table 2) which 
was fed ad libitum. All cows were milked twice daily 
and yields were recorded at each milking. 
 
Blood and milk sample collection and analysis: 
Blood samples were collected from the coccygeal 
vein into vacutainers containing heparin as 
anticoagulants. They were collected once a week at a 
consistent time after morning feeding from d 10 till d 
42 postpartum. Blood samples were kept in ice, 
centrifuged (1500×g for 15 min)  and then stored at -20°C. 

 
Table 1: Ingredients of the close-up and early lactation TMR experimental diets (% DM) 

Diets 
 ----------------------------------------------------------------------------------------------------------------------- 
 Close-up  Early lactation 
 --------------------------------------------------- -------------------------------------------- 
Ingredients High AV Low AV High AV Low AV 
Corn silage 25.5 26.5 14.91 13.86 
Alfalfa 18.4 19.1 24.50 24.00 
Wheat straw 13.5 14.0 - 0.93 
Barley grain 8.0 8.3 15.16 11.03 
Corn grain 8.0 8.3 13.83 9.20 
Wheat grain 7.4 3.8 - - 
Cottonseed - - 6.59 8.60 
Soybean meal 4.3 4.4 9.90 9.2 
Rapeseed meal 2.0 2.1 3.29 4.10 
Cottonseed meal 4.7 5.1 2.65 0.93 
Wheat bran 4.3 4.4 5.26 7.33 
Sugar beet pulp - - - 6.66 
Fishmeal - - 2.65 2.46 
Fat supplement 1.3 1.3 - 0.60 
Anionic salts 2.3 2.4 - - 
Bicarbonate sodium - - 0.53 0.49 
Vitamin & Mineral supplement 0.4 0.4 0.72 0.67 
The acidogenicity of the high AV and low AV close-up diets were 11.9 and 10.7, respectively 
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Table 2: Dry matter intake (DMI, kg/d), milk production (kg d−1) and milk composition (g/kg) of dairy cows fed close-up diets differing in 
rumen acid load as high AV (AV11.9) and low AV (AV10.7) 

    Diets   P-value   
Variable AV11.9 AV10.7 SEM Diet (D) Week (W) D×W   
DMI  24.2 22.1 0.6 < 0.05 < 0.05 NS  
Milk yield 41.9 a 37.8 b 1.1 < 0.05 < 0.05 NS  
Milk fat 35 a 37 b 1.2 < 0.05 < 0.05 NS  
Milk protein 30.2 30.4 1.3 NS < 0.05 NS  
a,b The difference between means with different letter is significant at P< 0.05 
 
These were analysed for BHB, NEFAs, glucose and 
BUN. Analyses for glucose, NEFA, BHBA and Blood 
urea nitrogen were performed using commercially 
available kits on an Auto analyzer (TARGA 3000, Italy; 
Glucose, Blood urea nitrogen, Biosystem Ltd., Spain; 
NEFA: FA 115 kit, Randox Laboratories Ltd., Crumlin, 
UK; BHBA: Ranbut kit, Randox Laboratories Ltd.). 
Milk samples were collected from each milking once per 
week and composited for subsequent analysis of milk 
composition (Micro Scan; FOSS Electric A/s, Denmark).  
 
Statistical analysis: Milk yield and composition and 
blood metabolites were analyzed using a mixed model 
(PROC MIXED, SAS Inst. Inc., Cary, NC, 1999) for a 
completely randomized design with repeated measures 
using the following model: 
 
Y = μ + Ti + A(i)j + Dk + (T × D)ik + Rijk 
 
Where: 
Y = Dependent variable. 
Μ = Overall mean. 
T = Treatment effects.  
A = Random effects of animal within 

treatments. 
D = Effects of sampling day or time. 
T×D = Interaction effects of treatment and 

sampling day or time. 
R = Residual error associated with the ijk 

observation 
 

RESULTS 
 
 The results of the current study indicate that the 
overall subsequent milk yield of animals in high AV 
was higher compared to the other group. Although milk 
fat percentage of the low AV group was higher, but 
there was no significant effect of the diets on milk 
protein. NEFA concentration was significantly affected 
by treatment and time (Ptrt=0.0008 and Ptime<0.0001). 
Although the diet significantly affected the postpartum 
BHBA concentration, but the effect of time was not 
significant (Ptrt=0.0024 and Ptime=0.7504). Both 
Glucose and Urea concentrations were affected 

markedly by treatment, but no significant effect of time 
was observed (Ptrt = 0.0003, Ptime = 0.713 and Ptrt = 
0.0273, Ptime = 0.1088, respectively). 
 

DISCUSSION 
 
 Reports in the literature are conflicting as to the 
beneficial effects of prepartum feeding on subsequent 
milk production and composition. Some studies have 
shown that the prepartum diet had a significant effect 
on milk protein, fat and lactose percentage (Fronk et al., 
1980; Lodge et al., 1975). Increased energy (Nocek et 
al., 1986) in prepartum diets has increased the 
percentage of milk protein. Most studies, in contrast to 
the present one, have found that feeding a high energy 
diet (regardless of energy source) in the late prepartum 
period does not alter subsequent milk production 
(Flipot et al., 1988; Johnson and Otterby, 1981; Van 
Den Top et al., 1995).  
 As outlined in Fig. 1 and 2, using high NFC diets 
as a glucogenic precursor resulted in increased plasma 
glucose and reduced NEFA and BHBA concentration 
which is in agreement with the previous studies (Butler 
et al., 2006; Grummer et al., 1994; Studer et al., 1993). 
Most studies on feeding more glucogenic nutrients have 
confirmed the observation of a decrease in plasma 
NEFA and BHBA concentration (Lemosquet et al., 
1997; Reist et al., 2003). Santos et al. (2000) were able 
to improve energy status of cows during early lactation 
and increase plasma glucose and insulin, by increasing 
starch fermentability in the rumen through sorghum 
grain processing. Minor et al. (1998) observed higher 
milk production and higher plasma glucose and lower 
NEFA and BHBA concentration in animals fed diets 
high in NFC compared with animals fed low in NFC. 
Yang and Baldwin (1973) reported that high 
proportions of concentrate in the diets of lactating cows 
depressed the lipolytic response of adipose tissue to 
epinephrine. Therefore, the reduced NEFA 
concentrations might have resulted from the 
antilipolytic effects associated with diets that are high 
in NFC and stimulate propionate production. Plasma 
BHBA concentrations were significantly reduced in 
animals fed diets with high NFC. Propionate is 
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antiketogenic (Grummer, 1993) and thus might have 
limited ketone production in animals fed diets with 
high NFC; because plasma NEFA concentrations were 
reduced in these animals, substrate availability might 
have also limited ketogenesis. It has been widely accepted 
that  fat mobilization  in  periparturient  cows results 
from   a    negative   energy  balance  (Grum  et al., 1996).  
 

 
 

Fig. 1: Plasma NEFA (A) and plasma BHBA (B) 
concentration for multiparous cows fed high AV 
(AV11.9) or low AV (AV10.7) diet during 10-42 
day after calving. 

 

 
 

Fig. 2: Graph1. Plasma Glucose (A) and plasma Urea 
(B) concentration for multiparous cows fed high 
AV (AV11.9) or low AV (AV10.7) diet during 10-
42 day after calving.  

Bell (1995) estimated that cows at d 4 of lactation had 
a NEFA entry rate of 10.7 mol d−1, which is equivalent 
to 30 Mcal/d.  Any living creature is a self-regulating 
chemical engine, continually adjusting for maximum 
economy (Nelson and   Cox, 1999). The explanation of 
why the cows mobilized more fat than needed to meet 
energy requirements may relate to the characteristics of 
ruminant glucose metabolism. During the periparturient 
period, the demand for glucose is increased greatly by 
fetal growth and milk synthesis, at a time when feed 
intake is depressed. Glycogen content of liver remained 
low in the first 21 days in milk (DIM) compared with 
the content at d 19 prior to calving (Vazquez- Anon et 
al., 1994). The increased milk synthesis, depressed 
DMI and depletion of liver glycogen suggest that cows 
could be in a state of glucose deficiency during the 
periparturient period. Negative energy balance is 
associated with a decrease in circulating concentrations 
of insulin, glucose and IGF-I and increased circulating 
concentrations of NEFA and BHBA (Grummer, 1993). 
Pushpakumara et al. (2003) suggested that the starch 
diet was intended to adapt the rumen, enhance papillae 
development and counter decreases in ME at calving. 
This in turn should increase insulin and decrease the 
subsequent NEFA rise, thus resulting in a decreased 
incidence of metabolic disease. Because elevated 
hepatic lipid content is associated with an increased 
incidence of metabolic disorders (Grummer, 1993) 
feeding high-energy diets prepartum may offer benefits 
in terms of reducing postparturient disorders. While the 
effects of prepartum diet, especially the value of added 
dietary lipid, on hepatic lipidosis needs further research, 
it seems clear that feeding high grain in the last 2-3 wk 
before calving should reduce the incidence of hepatic 
lipidosis. 
 Results of the current study showed that cows 
receiving the low AV diet had higher concentration of 
urea than the high AV group. Elevated plasma urea 
nitrogen concentrations are indicative of increased 
ureagenesis, a result of oxidation of amino acids in 
excess of those required for protein synthesis, or of 
detoxification of absorbed   ammonia (Lobley et al., 
2000). 
 

CONCLUSION 
 
 Others have suggested (Grummer, 1993; Drackley, 
1999) that nutritional management during the dry 
period affects susceptibility of cows to metabolic 
disorders and infectious diseases during the 
periparturient period. Our study did not have the power 
(i.e., small number of cows) to address that statement 
effectively by evaluating incidence of metabolic 
disorders and infectious diseases. However, our study 
did provide information regarding the effect of 
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prepartum diet on postpartum metabolic status in dairy 
cattle. Cows fed the high AV diet had a marked 
decrease in NEFA and BHBA plasma concentration 
and significant increase in plasma glucose compare to 
the low AV group. Furthermore, results of the current 
study indicate that feeding diets high in NFC will result 
in higher milk yield.  
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