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ABSTRACT

This study was designed to investigate the carryover effects of high-forage to concentrate (F: C) diet in bred heifers on feed intake, 
feed efficiency (FE) and milk production of primiparous lactating Holstein cows. The experiment was conducted for 589 days (d) 
from onset of pregnancy through to the end of first lactation. Twenty-four bred heifers (Body weight: BW= 345.8 ± 45.4 kg and 15 
± 1.2 mon of age) randomly assigned to two groups of 3 pens containing 4 heifers each and fed high forage (HF) diet with F: C 
ratio of 91.7: 8.3% and low forage (LF) diet with F: C ratio of 77.8: 22.2% throughout the pregnancy period.  After calving, lactating 
cows were fed total mixed ration (TMR) based diet. No differences (p > 0.05) were observed in dry matter intake (DMI) of bred 
heifers and primiparous lactating cows in both HF and LF groups. The FE of mid-to-late lactation period was higher (p< 0.05) in HF 
than LF group. However, the HF group showed higher (p < 0.05) milk yield, 4 % fat corrected milk (FCM) and energy corrected 
milk (ECM) than LF group during the 305 d lactation. The LF group showed higher (p < 0.05) milk fat, crude protein (CP), milk 
urea nitrogen (MUN), solid not fat (SNF) and somatic cell count (SCC) than HF group. It is concluded that restriction of F: C ratio 
to 91.7: 8.3% to bred heifers has the potential carryover effects to maintain higher milk yield and FE with no adverse effect on feed 
intake and milk composition of primiparous lactating Holstein cows. 
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Ⅰ. INTRODUCTION

Raising dairy heifers is pivotal for farm management and 
can be characterized as a long-duration, high-cost period that 
creates a lag in capturing a return on investment (Heinrichs, 
1993). The management decisions that are made during the 
rearing period affect both future productivity (Sejrsen et al., 
2000; Zanton and Heinrichs, 2005) and the time until lactation 
commences (Hoffman et al., 1996; Ettema and Santos, 2004). 
A good heifer rearing program is critical to produce animals 
at first calving that have well-developed mammary glands, 
good body size, and body condition that is capable of high 
feed intake and delivery of nutrients to the mammary gland 
(VandeHaar, 2001). Several experiments that offered dairy 
heifers high-concentrate (HC) diets for ad libitum consumption 
have led to reduced milk production at their first-lactation 
period (Swanson, 1960; Radcliff et al., 2000). Other 
researchers (Hof and Lenaers, 1984; Carson et al., 2000) have 
demonstrated that if HC diets are restricted so that average 
daily gain (ADG) is comparable to a high forage (HF) diet, 

whereas mammary development and first-lactation milk 
productions do not differ between groups. A report by Lee et 
al. (2013) indicated no significant differences in milk yield and 
feed intake of Holstein cows fed high or low forage diets 
across a wide range of management. Furthermore, research 
conducted in our laboratory showed that feeding HF diet to 
Holstein lactating cows is beneficial to reduce stress levels by 
reduction of cortisol hormone in blood and hair (Ghassemi 
Nejad et al., 2014).

Feed efficiency (FE) can be defined as kilograms of fat 
corrected or energy corrected milk (ECM) produced per kg of 
dry matter intake (DMI) consumed (Hutjens, 2005). The 
“traditional focus” was that as cows consumed more feed to 
support higher milk production, the proportion of digested 
nutrients captured as milk is proportionally higher (Hutjens, 
2010). Furthermore, monitoring FE in the dairy industry has 
not been used as a common benchmark for monitoring 
profitability and evaluating dry matter intake relative to milk 
yield. Thus, the carryover effect of HF diet on FE of 
primiparous cows needs an accurate measurement of dry 
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Table 1. Ingredients and chemical composition of HF and LF diets fed to Holstein bred heifers 
Items (% DM) HF LF

Forage BIRG silage 56.8 47.6
Timothy hay - 6.4
Rice straw 34.9 23.8

Concentrate Formula feed 8.3 22.2
Chemical composition (% DM)

DM 37.5 58.81
Ash 20 14.5
OM 80 85.5
CP 7.7 11.1
EE 1.9 2.6
CF 32.5 24.6

NDF 68.6 56.1
ADF 45.7 36
NFE 39.8 49.8
TDN 52.8 60.5

NEL, Mcal/kg 1.2 1.4
F:C(%) 91.7 : 8.3 77.8 : 22.2

HF: High forage, LF: Low forage, F: C: Forage to concentrate ratio, BIRG: Whole crop barely with Italian ryegrass, DM: Dry matter, OM: 
Organic matter, CP: Crude protein, CF: Crude fiber, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, NFE: Nitrogen free extract,
TDN: Total digestible nutrient, NEL: Net energy for lactation.

matter intake (DMI).  In this regard, given the example of fat 
corrected milk (FCM) for standardization of milk fat, ECM 
can be used as a factor to discuss FE.

To date, due to the length of period required, few studies 
have monitored heifers through the rearing period or have 
investigated the carry over effect of high forage diet on 
performance of primiparous lactating cows from onset of 
pregnancy until the end of first lactation. Therefore, the current 
study was initiated to elucidate the carryover effects of feeding 
HF diet in bred heifers on feed intake, FE and milk production 
of primiparous lactating Holstein cows.

Ⅱ. MATERIAL AND METHODS

1. Experimental design, diets, and management

The procedure used in this experiment was in accordance 
with the animal care and use policy of Kangwon National 
University, Republic of Korea. The experiment was conducted 
in privately owned dairy farm located at Naju city, Jeollanam 
province for the total of 589 days (d) from January 2012 to 

December 2013. Twenty-four bred heifers (ave. BW = 345.8 
± 45.4 kg and 15 ± 1.2 mon of age) were randomly assigned 
equally to one of the two dietary treatments managed in three 
pens containing 4 heifers each. The dietary treatments (Table 
1) were high forage (HF) diet formulated to contain 91.7% 
forage and 8.3% concentrate and low forage (LF) diet was 
formulated to contain 77.8% forage and 22.2% concentrate, 
were provided throughout pregnancy period. The treatment 
diets were formulated on a quantity basis to meet NRC (2001) 
nutrient recommendations for Holstein bred heifers. At calving, 
heifers were 24 ± 0.6 mon of age. After calving, lactating 
primiparous cows were fed two different total mixed ration 
(TMR, Table 2) with relatively proportional F: C ratio (55.7: 
44.3 to HF group and 48.1: 51.9 to LF group) until the end 
of first lactation period (Age: 34 ± 1.6 mon). Mineral bricks 
and water offered ad libitum throughout the experiment duration. 

2. Measurements and analysis 

Feed offered and the refusals were recorded daily to 
calculate the dry matter intake (DMI) of the dietary treatments.  
Feed samples were dried for 72 hours at 65oc drying oven and 
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Table 2. Ingredients and chemical composition of TMR diet fed to primiparous Holstein cows
Items (% DM) HF LF

Forage
BIRG silage 26.4 24.2
Mixed hay 19.9 23.9
Straw (Tall fescue and ryegrass) 9.4 -

Concentrate
Beet pulp 3.4 -
Whole cottonseed 4.5 9.7
Corn flour 3.1 -
Energy feed 21.2 6.0
Formula feed 12.1 36.2

Chemical compositions (% of DM)
DM 65.9 66.0
Ash 10.5 8.5
OM 89.5 91.5
CP 16.0 15.7
EE 3.9 3.7
CF 17.4 16.2   
NDF 51.0 46.4
ADF 27.1 25.4
NFE 55.6 52.5
TDN 66.9 65.5
NEL Mcal/kg 1.48 1.52
F: C (%) 55.7: 44.3 48.1:51.9

HF: High forage, LF: Low forage, F: C: Forage to concentrate ratio, BIRG: Whole crop barely with Italian ryegrass, DM: Dry matter, OM: 
Organic matter, CP: Crude protein, CF: Crude fiber, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, NFE: Nitrogen free extract,
TDN: Total digestible nutrient, NEL: Net energy for lactation.

grounded to pass in 0.75 mm sieve prior to analysis.  Ash, 
crude fiber (CF), crude protein (CP) and crude fat (CF) were 
analyzed according to the method of AOAC (1990). Neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) were 
analyzed according to the method described by Goering and 
Van Soest (1970). Calculations of energy intakes and total 
digestible nutrient (TDN) were performed according to NRC 
(2001). Daily milk yield was recorded during the whole period 
of the first lactation and characteristic of milk composition was 
analyzed by automatic milk analyzer (Automatic IR 4000/5000 
Milk Analyzer, Foss Electric) for fat, protein, solid not fat 
(SNF), milk urea nitrogen (MUN), and somatic cell count 
(SCC). The feed efficiency (FE) of primiparous cows in each 
phase of first lactation period was calculated from DMI and 
energy corrected milk (ECM) according to Hutjens (2005):  
ECM = (12.82 × fat lbs) + (7.13 × protein lbs) + (0.323 × 

milk lbs). The data were subjected to analysis of variance 
using SPSS statistical software version 22.0 for Windows. The 
means which showed significant differences at the probability 
level of p < 0.05 were compared with each other by using 
LSD. P values between 0.05 < p < 0.10 were considered as 
tendencies to be significant. 

Ⅲ. RESULTS AND DISCUSSION

1. Feed intake 

The effect of high forage (HF) and low forage (LF) diet on 
the feed intake of bred heifers and primiparous lactating cows 
presented (Table 3). No significant difference (p > 0.05) was 
observed in total dry matter intake (DMI) between HF and LF 
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Table 3. Dry matter and nutrient intake (Mean ± SD) of cows during pregnancy and lactation period 

Group
PP LP

HF LF HF LF
DM (kg d-1) 9.9 ± 2.3a 10.8 ± 3.8a 20.1 ± 2.3a 20.1 ± 0.2a

CP (kg d-1) 1.3 ± 0.45b 1.5 ± 2.3a 3.2 ± 0.1a 3.2 ± 0.1a

ME (Mcal kg-1) 2.2 ± 0.03a 2.4 ± 0.01a 2.5 ± 0.02a 2.4 ± 0.01a

NEm (Mcal kg-1) 1.4 ± 0.001a 1.5 ± 0.01a 1.5 ± 0.002a 1.5 ± 0.001a

NEg (Mcal kg-1) 0.9 ± 0.0003b 1.1 ± 0.0001a 1.0 ± 0.001a 1.0 ± 0.00a

TDN (kg d-1) 6.3 ± 2.4b 6.7 ± 0.45a 13.2 ± 0.4a 13.1 ± 0.1a

NEL (Mcal kg-1) 1.4 ± 0.01a 1.5 ± 0.01a 1.5 ± 0.005a 1.5 ± 0.008a

PP: Pregnancy period, LP: lactation period, ME: Metabolizable energy; NEm: Net energy for maintenance; NEg: Net energy for gain; TDN:
Total digestible nutrient, NEL: Net energy for lactation. Means in the same period in row without common superscript are significantly different
at p < 0.05.

Table 4. Feed efficiency of HF and LF groups based on stage of lactation
Group DIM DMI ECM Mean FE Mean

HF
≤ 100 17.4 29.4

31.5a

1.7a

1.5a100 - 200 22.7 33.4 1.5a

>200 21.1 31.9 1.5a

LF
≤ 100 16.8 27.2

26.3b

1.6a

1.3b100 - 200 22.3 27.0 1.2b

>200 21.2 24.9 1.2b

HF: High forage, LF: low forage, DMI: dry matter intake, DIM: days in milk, ECM: energy corrected milk, FE: feed efficiency, means of
HF vs LF means without common superscript letter in the same column indicates significant differences at p < 0.05.

groups during pregnancy as well as first lactation period. This 
could indicate that Holstein bred heifers fed diet forage to 
concentrate (F: C) ratio of 91.7: 8.3 and 77.8: 22.2 has no 
impact on DMI of bred heifers and primiparous lactating cows. 
Several researches reported that DMI potential of first lactation 
cows that had received HF or LF diet for rearing period was 
not different in dairy cows (Hof and Lenaers, 1984) and 
Korean native steers (Lee et al., 2016; Sung et al ., 2015). 
Similarly, Aguerre et al. (2011) also reported that increasing F: 
C ratios (47:53, 54:46, 61:39, and 68:32) in the diet had no 
effect on DMI potential of Holstein cows. In contrast, Zanton 
and Heinrichs (2007b) reported less DMI by the heifers fed LF 
than HF diets. In bred heifers, higher total digestible nutrient 
(TDN) was observed in LF than HF category. The crude 
protein (CP) intake of LF groups was slightly higher than HF 
groups during pregnancy. This could be due to the relatively 
higher plane of nutrition in the LF than HF group.

A significant (p < 0.05) increase in DMI of both groups of 
primiparous lactating cows observed at the end of first lactation. 

This could be considered due to the physically effective fiber 
fed during pregnancy period. Tozer and Heinrichs (2001) 
reported that cows in their first lactation must have a large 
digestive capacity to achieve high DMI to be considered heifer 
management successful. The higher DMI is an indication of 
minimized negative energy balance of cows at first lactation and 
increased immune response (Moyes et al., 2009).  

2. Feed efficiency

Higher feed efficiency (FE) was observed in early lactation 
in both HF and LF groups(Table 4). However, improved FE 
was observed in the HF than LF group during mid-to 
late-lactation period. This could be due to the carryover effect 
of HF diet received by bred heifers by which the incidence of 
negative energy balance avoided through proper amount of 
physically effective forage diet provided. The FE of HF group 
tended to be higher (p = 0.07) than LF group at the end of 
first lactation. FE reported to vary from 1.0 to nearly 2.0 during 
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Table 5. Milk yield and chemical composition (Mean ± SD) of HF and LF groups per 305-days lactation
Items HF LF
DIM (∼100) (101∼200) (201∼305) Total Mean (∼100) (101∼200) (201∼305) Total Mean

Number of heifers 12 12 12 12 12 12 12 12
Milk yield, kg/d 28.7±6.2a 32.2±5.9a 30.0±6.6a 30.4±6.3a 25.0±7.2b 26.1±6.1b 22.8±5.0b 24.9±6.4b

4% FCM, kg/d 27.3±6.3b 30.7±4.5a 29.6±5.7a 29.2±5.8a 25.7±7.5 25.0±5.6b 23.0±4.7b 24.8±6.2b

Fat, % 3.7±0.7b 3.8±0.7 4.0±0.6 3.8±0.7b 4.2±0.9a 3.7±0.6 4.1±4.7 4.0±0.8a

Protein, % 3.2±0.3 3.1±0.3b 3.2±0.3b 3.2±0.3b 3.2±0.3 3.3±0.2a 3.4±0.2a 3.3±0.3a

SNF, % 8.6±0.6 8.7±0.5 9.0±0.5 8.8±0.6 8.9±0.7 8.7±0.4 9.1±0.4 8.9±0.5
SCC, 103/dL 100.8±77.6 112.1±125.8 106.4±99.9b 106.4±100.1b 120.9± 99.9 173.0±158.0 234.6±171.0a 168.1±147.6a

MUN, mg/dL 17.3±4.0b 17.8±3.1 18.3±3.0 17.8±3.4b 18.1±3.7a 18.3±2.5 17.6±2.9 18.0±3.1a

NEL, Mcal/kg 0.71±0.07b 0.71±0.07 0.74±0.07 0.72±0.07b 0.76±0.10a 0.72±0.06 0.76±0.05 0.75±0.08a

4% FCM: Fat corrected milk, SNF: Solid not fat, SCC: Somatic cell count, MUN: Milk Urea Nitrogen, NEL: Net Energy lactation, DIM:
Days in milk, within a row means without a common superscript letter are significantly different at P < 0.05.

the lactation of a cow or across farms (Linn et al., 2007). 
Martinez et al. (2009) reported higher FE in early lactation 
cows fed HF diet as compared to LF diet. In contrast, Gadeken 
and Casper (2017) reported no significant difference in FE of 
mid-to late-lactation cows fed 80% and 60% forage in the diet. 
It is true that late lactation cows will have much lower FE in 
comparison to early lactation cows because of converting DMI 
to body weight and body condition gain. The lower FE in LF 
group could be due to increased proportion of energy being 
allocated to maintenance. Energy corrected milk (ECM) was 
higher (p < 0.05) in the HF than LF group, indicating that 
lactating cows in the HF group consumed the same energy as 
the LF group to produce higher milk energy. Higher quality 
forage fed to bred heifers may explain why the HF group 
showed higher ECM than the LF group during lactation.

3. Milk production 

HF fed group appeared to show higher milk yield (Table 5) 
in the first lactation (ave. 30.4 ± 6.3 kg) as compared to LF 
fed group (ave. 24.9 ± 6.4 kg). Higher (p < 0.05) 4% fat 
corrected milk (FCM) was observed in the HF (29.2 ± 5.8 kg) 
than the LF (24.8 ± 6.2 kg) group during 305 d of lactation.  
Despite the fact that similar feed intake in both groups at 
lactation, the difference in milk yield and 4 % FCM could be 
due to higher feed conversion efficiency detected in HF than 
in LF group. This result is in agreement with the report of 
Swanson (1960) and Radcliff et al. (2000) who have offered 

dairy heifers HC diets for ad libitum consumption and 
restricted forage diet. They reported reduced milk yield at first 
lactation. Lacasse et al. (1993) and Grummer et al. (1995) also 
reported that high plane of nutrition during pregnancy period 
had shown not to increase milk yield in the first lactation. The 
higher milk production at early stage of lactation by HF group 
(3.7±1.0 kg) may explain the higher milk production at the end 
of lactation by the HF group as compared with the LF group. 
Physically effective fibers relatively higher in quantity that 
maintain body condition of bred heifers that enable them for 
easier parturition could have also contributed for the higher 
milk yield at early lactation period in HF than LF group. This 
is supported by Hoffman et al. (1996) who reported that gravid 
heifers fed low energy; high fiber forages that effectually 
control energy intake and help to minimize over-conditioning 
at calving is detrimental to lactation performance.  Also it can 
be suggested that the carryover effect of higher quality forage 
in the HF group could be another reason for the conversion of 
feed to milk that resulted in higher milk production. In contrast 
to this, Zanton and Heinrichs (2009b) reported that first 
lactation performance has not been altered by the variations of 
dietary concentrates during the rearing.

4. Milk compositions 

Significant differences (p < 0.05) in milk fat and crude 
protein (CP) content were observed between the HF and LF 
groups (Table 5).  The LF group showed higher (p < 0.05) fat 
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and protien content of milk than HF group. As milk 
compositions are strongly influenced by nutritional management 
(Fuquay, 1981), no carry over effect of F: C diet that the two 
groups received during pregnancy. The fat and protein values 
from this experiment were similar to the report of Nam et al. 
(2009), who reported the regional effect on milk fat and 
protein content of lactating cows. Bred heifers had no record 
of milk and its composition. Thus, grouping lactating 
primiparous lactating cows based on their previous milk record 
is impractical. Thus, the LF group might have higher average 
milk fat and protein when milking started. This also could be 
another reason for higher fat and protein content of milk in LF 
than HF group. The somatic cell count (SCC) in LF (168.1± 
147.6) group appeared to show higher (p < 0.05) in number 
than HF (106.4 ± 100.1) group. There is no concrete evidence 
to support for the difference in the SCC between the two 
groups. However, the unintended slight difference in the 
milking management aspect, as well as exposure to stress 
could led to the increase in the SCC in LF group. As stage 
of lactation advanced, there was an increase in SCC of the 
milk in the LF group without any detectable sign of mastitis 
in the udder. This result is in line with the report of Bielefeldt 
et al. (2004) and Klaas et al. (2004) who reported the increase 
in the tendency of SCC with advancing lactation stage. 
Oltenacu and Ekesbo (1994) reported that deformations in the 
udder gland and increase in milk production capacity are the 
main reasons for elevated SCC. However, as SCC is a reflector 
for assessing milk quality (Moon et al., 2007), there was no 
sign of milk quality abnormalities observed. As the MUN is 
an indication of the protein intake of lactating dairy cows 
(Roenfeldt, 1996), significant differences (p < 0.05) were 
observed between HF and LF groups. Experimental studies 
have demonstrated that MUN concentrations are highest within 
a 2 to 6 h period after eating (Gustaffson and Palmquist, 1993) 
and also may be influenced by differences in the 
feeding-to-milking intervals between these two milking periods 
(Godden, 1998). However, this experiment showed higher 
MUN in LF group than HF. This could be due to the TMR 
based feed LF group received after calving. No difference (p 
> 0.05) in SNF content between HF and LF groups. As the 
SNF content of milk markedly affected by the plane of energy 
nutrition (Rook and Line, 1961), during lactation period both 

groups of heifers fed relatively proportional ratio of forage 
feed in their TMR diet, which may not contribute for the 
difference in SNF content. Zanton and Heinrichs (2010) 
reported that limit feeding of heifers across a wide range of 
management types during rearing period has no effect on milk 
component of heifers at the first lactation.  Therefore, there is 
no chance of carry over effect on the SNF content of milk in 
both HF and LF groups. Furthermore, Kim and Kim (2017) 
reported similar milk composition of first parity dairy cows 
with our findings and they noted seasonal factors affecting the 
yield and composition of milk.

Ⅳ. CONCLUSION

Feeding high-forage to concentrate diet at 91.7: 8.3 to 
Holstein bred heifers during pregnancy has the potential to 
maintain higher milk production and FE; with no adverse 
effect on feed intake and milk composition of primiparous 
lactating cows. 
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