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ABSTRACT

The objectives of this controlled study were to 
compare the effects of 2 different formulations of re-
combinant bovine somatotropin (rbST) on milk yield, 
milk composition (fat and protein), milk somatic cell 
count, and body condition score (BCS) among dairy 
cattle in a large commercial herd. Regulatory approved 
500-mg zinc sesame oil base rbST (ZSO-rbST; Elanco 
Animal Health, Greenfield, IN) and vitamin E lecithin 
base rbST (VEL-rbST; LG Life Sciences, Seoul, South 
Korea) formulations were administered per the manu-
facturers’ recommendations every 14 d over 17 injection 
cycles starting at 57 to 70 d of lactation (90 cows per 
rbST group). Control cows (n = 60) received no rbST. 
Somatotropin-treated animals (VEL-rbST and ZSO-
rbST combined) had increased average milk yield and 
protein percentage and lower average BCS compared 
with control cows. For primiparous cows, average milk 
yield was 37.75 kg/d with the ZSO-rbST treatment 
and 35.72 kg/d with the VEL-rbST treatment. For 
multiparous cows, average milk yield was 40.13 kg/d 
with the ZSO-rbST treatment and 38.81 kg/d with 
the VEL-rbST treatment. There were no differences in 
milk fat percentage between VEL-rbST and ZSO-rbST 
treatments, but milk protein content was greater with 
VEL-rbST treatment than with ZSO-rbST treatment. 
Nonetheless, cows treated with ZSO-rbST yielded more 
kilograms of fat and protein per day than cows treated 
with VEL-rbST. No significant differences in BCS were 
found between both rbST treatment groups. The differ-
ential increase in milk yield between cows treated with 
ZSO-rbST and VEL-rbST was driven by rbST response 
differences both within the 14-d cycle and throughout 
the 17 injection cycles. The cows treated with VEL-
rbST demonstrated a more variable 14-d milk yield 
response curve, with more pronounced valleys between 

injections compared with the ZSO-rbST formulation. 
In addition, only the ZSO-rbST treatment was effec-
tive in modifying the lactation persistency compared 
with control cows. Compared with the VEL-rbST 
formulation, the ZSO-rbST formulation yielded more 
kilograms of milk, fat, and protein with less milk varia-
tion throughout the seventeen 14-d lactation cycles for 
both primiparous and multiparous cows.
Key words: somatotropin, lactation performance, 
lactation persistency, Boostin, Lactotropin

INTRODUCTION

Bovine growth hormone is a naturally occurring hor-
mone in cattle that is responsible for growth regulation 
and milk production (Bauman, 1999). Recombinant 
bST (rbST) is a synthetically derived formulation of 
this hormone that has been developed to increase milk 
production efficiency in dairy cows and profitability in 
dairy herds. Recombinant bST increases lactation milk 
yield by altering the lactation curve. Not only does milk 
yield increase immediately upon rbST administration, 
but milk yield is maintained at a higher persistency 
throughout the lactation cycle compared with cows not 
supplemented with rbST (van Amburgh et al., 1997).

A large body of scientific evidence demonstrates that 
rbST treatment of dairy cattle results in increased milk 
production (Downer et al., 1993; Huber et al., 1997). 
A 2014 meta-analysis review of the effects of rbST 
reported that it increases milk production by 4 kg/
cow per day over the course of a lactation (St-Pierre 
et al., 2014). More importantly for dairy producers, 
rbST increases profitability. A recently published 
study estimates an average cost savings from the use of 
rbST among New York dairy farms of 5.5%/kg of milk 
produced, or $2.67/100 kg of milk produced in 2013 
(Tauer, 2016).

Insulin-like growth factors are known to be impor-
tant mediators of many biological processes, including 
growth, lactation, reproduction, and health (McGuire 
et al., 1992). Numerous studies have demonstrated that 
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an increase in blood bST levels upregulates the produc-
tion of IGF-1, as measured in both milk and blood. 
This increase in IGF-1 levels is the primary driver that 
enhances milk production in cows treated with various 
rbST formulations (Schams, 1989; Vicini et al., 1991; 
Azizan et al., 1994; Daxenberger et al., 1998; Collier et 
al., 2008; Castigliego et al., 2009).

There are 2 commercial rbST products in Brazil: a 
zinc sesame oil base formulation (ZSO-rbST; Lac-
totropin, Elanco Animal Health, Greenfield, IN) and 
a vitamin E lecithin base formulation (VEL-rbST; 
Boostin-S, LG Life Sciences, Seoul, South Korea). 
Despite the fact that rbST is one of the most widely 
researched hormones used in animal production and 
that numerous studies have investigated the effect of 
rbST supplementation on endocrine profiles, to our 
knowledge, no controlled research compares the effects 
of both rbST formulations on milk yield response for 
a full lactation in a commercial intensive dairy herd. 
Thus, in those countries where both formulations are 
licensed, dairy producers have very little information 
to help them decide which product is best suited for 
their farm.

The objectives of this controlled study were to com-
pare the effects of both rbST formulations (ZSO-rbST 
and VEL-rbST) on milk yield, milk composition (fat 
and protein), milk SCC, and BCS among dairy cattle in 
a commercial dairy herd in Brazil. Of particular inter-
est were the daily responses to rbST within the 14-d 
injection cycles and the overall 14-d response among 
the 17 injection cycles.

MATERIALS AND METHODS

Experimental Design

This study was conducted between September 2013 
and December 2014 at the Fazenda Santa Rita, Des-
calvado, São Paulo, Brazil (47°37′10″ W, 21°54′14″ S), 
on a large commercial freestall operation with 1,700 
Holstein Friesian cows. All study cows received the 
same management practices. The region’s weather is 
classified as a humid subtropical climate, with an aver-
age daily temperature of 21.4 ± 3.32°C (mean ± SD) 
and a relative humidity of 76.3 ± 9.8% during the trial.

Cows were fed a TMR formulated according to the 
NRC’s nutrient requirements for dairy cattle (NRC, 
2001) that consisted of the following primary ingredi-
ents on a DM basis: corn silage (37.6%), high-moisture 
corn (11.2%), soybean meal (8.3%), ground corn grain 
(8.1%), dried citrus pulp (7.5%), and roasted soybeans 
(7.0%) in addition to a vitamin and mineral premix 
(3.6%). The experimental unit in the study was the 
individual cow. Ninety cows were enrolled in each of 

the 2 rbST treatment groups and 60 cows were enrolled 
in the control (no treatment) group, for a total of 240 
cows.

Each cow received pretreatment health, reproduc-
tive, body condition, and lameness exams between d 
37 and 50 postpartum by a farm veterinarian who was 
not part of the research team. Study inclusion criteria 
were as follows. Cows had to be 57 to 70 d postpartum 
at the start of the treatment period and have been 
deemed healthy by veterinary examination. Milk pro-
duction had to be ≥25 kg/d measured as an average 
of the first 7 consecutive days out of a 10-d period 
immediately before the first injection. Body condition 
score had to be ≥2.5 on a 5-point scale (Pennington, 
2003), and a lameness evaluation score had to be 2 or 
less on a 5-point scale (Branine et al., 2014). Each cow 
had to be free of uterine or ovarian pathology and have 
an SCC of ≤200,000/mL of milk. Each cow could not 
have had a single case of clinical mastitis (described 
as visibly abnormal milk) before the start of the study 
period (57–70 d postpartum) or subclinical mastitis 
based on milk cultures conducted between d 46 and 59 
postpartum for Streptococcus agalactiae and Staphylo-
coccus aureus.

Every 14 d, a new group of cows (15 groups in total) 
entered the study as they came into milk production 
and met the inclusion criteria. A randomization pro-
cess was used to assign cattle to each treatment group. 
Cows were ranked by the average daily milk yield of the 
first 7 consecutive days out of a 10-d period interval im-
mediately before the first injection. The ranked produc-
tion list of cows was blocked into randomized groups 
of 3 (2 rbST treatments and a control). In every third 
block, no cow was assigned to the control group as the 
number of animals in the control group corresponded to 
two-thirds of the rbST-treated groups. This randomiza-
tion procedure was applied separately for primiparous 
and multiparous cows. Overall, the study included 35% 
primiparous and 65% multiparous cows.

Experimental Procedures

The 3 treatment formulations compared were ZSO-
rbST, VEL-rbST, and no treatment (controls). Each 
rbST treatment group was given 500 mg of active rbST 
every 14 d starting at 57 to 70 d postcalving accord-
ing to the manufacturer’s directions. For each cow, the 
study was terminated when 1 of the following condi-
tions was met: (1) after 17 cycles of rbST injections 
(approximately 300 d after calving), (2) when the cow 
reached the seventh month of gestation, or (3) when 
production decreased below 12 kg/d. In addition, con-
trol cows not confirmed pregnant at 240 DIM with a 
milk production of <25 kg/d were released from the 
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study and treated with rbST per usual farm practice to 
sustain production for longer before culling.

The same administration route was used for each 
rbST formulation and involved a subcutaneous injection 
from a single dose applied. The injection site alternated 
at each treatment. Control cows did not receive a sham 
injection. Animals were milked 3 times/d. Individual 
animal milk yields were automatically recorded elec-
tronically for each milking. Body condition score was 
measured every 14 d on all cows at the start of each 
injection cycle. Milk samples were collected every 2 wk 
on d 11 of the injection cycle and analyzed for fat and 
protein by infrared absorption using a MilkoScan FT+ 
(Foss Electric, Hillerød, Denmark) and for SCC by flow 
cytometry using a Fossomatic FC (Foss Electric).

Statistical Analysis

Theoretically, data could be analyzed as a single lin-
ear mixed model, but the size of the resulting model 
exceeded the capabilities of contemporary high-speed 
computers, making this approach impossible. Hence, 
statistical analyses had to be segmented into 3 comple-
mentary sets. All analyses were conducted using SAS 
9.3 (SAS Institute Inc., 2011).

Analyses Across the 17 Injection Cycles.  Mea-
surements were first averaged within each cow and 
cycle. This resulted in a 2 × 3 × 17 factorial arrange-
ment of treatments with 2 parities, 3 rbST treatments 
(an unsupplemented control and 2 rbST formulations), 
and seventeen 2-wk cycles. The resulting data were 
analyzed as a split plot design with repeated measure-
ments, with parity as the main plot factor and rbST 
treatments in the subplot, arranged in an incomplete 
randomized block design. The resulting model was

 

y P b T PT c

B X X C PC TC
ijklm i j i k ik l ijk

l ijk i m im k

= + + + + +

+ −( )+ + +

µ : :

: 1 mm

ikm ijklmPTC e + +

 [1]

with 
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where yijklm is the value of the dependent variable; μ is 
the overall population mean; Pi is the fixed effect of the 
ith parity (i = 1, 2); bj:i is the random effect of the jth 
block within the ith parity (j = 1 to 30 for primiparous 
cows and j = 1 to 60 for multiparous cows); Tk is the 
fixed effect of the kth rbST treatment (k = 1, 2, 3); cl:ijk 
is the random effect of the lth cow within the ith parity, 
jth block, and kth treatment; B1 is a fixed effect regres-

sion coefficient; Xl:ijk is the covariate measurement on 
cowl:ijk; Xi is the mean of the covariate measurements 
on animals of parity i; Cm is the fixed effect of the mth 
cycle, m = 1, …, 17; eijklm is the random residual error; 
PTik, PCim, TCkm, and PTCikm are interaction terms; N 
is the normal distribution; σb

2 is the variance due to 
blocks; σc

2 is the variance due to cows; MVN is the 
multivariate normal; and R is the variance-covariance 
matrix of residuals due to the repeated measurements 
(i.e., 17 cycles) on each cow.

Various structures of the error covariance matrix 
R were fitted: compound symmetry, autoregressive, 
Huynh-Feldt, Toeplitz, and unstructured. The autore-
gressive structure was chosen based on the Bayesian 
information criterion. When feasible, the Kenward-
Roger corrections to the degrees of freedom were ap-
plied (Kenward and Roger, 1997).

In Equation 1, the covariances were the average mea-
surements on each of the dependent variables (i.e., milk 
and components yield, milk composition, and so on) 
in the week preceding the allocation of the animals to 
their respective rbST treatment. The covariate adjust-
ments are expressed as deviations from the means of 
the covariates for each of the 2 parities so as not to 
include some of the parity effects in the covariates. The 
effect of treatments was decomposed into 2 orthogonal 
contrasts: (1) the 2 bST treatments versus the control, 
and (2) ZSO versus VEL. Other comparisons were made 
using Fisher’s protected least significant difference.

Analyses Within the Injection Cycle. Measure-
ments were first averaged within each cow and day of 
cycle. This resulted in a 2 × 3 × 14 factorial arrange-
ment of treatments (2 parities, 3 rbST treatments, and 
14 d in each cycle). A model similar to Equation 1 was 
then fitted, but with the effect of day of the cycle (Dm) 
replacing the term Cm as well as all interactions of Cm 
with the other fixed effects.

Analyses to Determine Average Persistency. 
The same data as those used to fit Equation 1 were 
used in a modified mixed linear model when the 
discrete effect of the cycle Cm was replaced by cycle 
expressed as a continuous variable. In essence, this is 
simply a linear regression of milk yield on cycle num-
ber for each of the 6 parity × treatment subclasses 
while accounting for the design structure elements (i.e., 
blocks and cows) and the correlation of the error terms 
within a cow. Each of the 6 slope estimates are then 
simple estimates of the average lactation persistency of 
the animals in each parity × treatment subclass. Here, 
persistency is expressed as the average production de-
cline per cycle (i.e., per fortnight) in absolute terms 
(i.e., as kg/d change per cycle) and not as a percentage 
or prior yield (Cole and VanRaden, 2006). Orthogonal 
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contrasts were used to assess the effect of treatments 
on the average persistency across cycles. This approach 
is not an attempt to identify a correct lactation curve 
for each of the parity × treatment subclasses but rather 
to estimate the average production decline over the 17 
cycles for each of the 6 parity × treatment subclasses.

RESULTS

Overall Results

Seventy percent of the cows from all treatment 
groups combined completed all 17 injection cycles, 
with no significant differences among treatment groups 
(data not shown). Within the group of cows that did 
not complete the 17 injection cycles (30%), the reasons 
for not doing so were gestation length (69%), health 
problems and culling (20%), low production (7%), and 
death (4%). Prior to the treatment period we found 
no significant differences among control, VEL-rbST, 
and ZSO-rbST cows for milk yield (P = 0.99), milk 
fat content (P = 0.37), milk fat yield (P = 0.32), milk 
protein content (P = 0.51), milk protein yield (P = 
0.69), or the logSCC (P = 0.61). The milk production 
for the primiparous cows during the pretreatment pe-
riod averaged 35.98, 35.59, and 35.69 kg/d for control, 
VEL-rbST, and ZSO-rbST cows, respectively. The milk 
production for multiparous cows during the pretreat-
ment period averaged 43.88, 44.14, and 44.06 kg/d for 
control, VEL-rbST, and ZSO-rbST cows, respectively. 
Similarly, the BCS of the primiparous and multiparous 
cows for the control, VEL-rbST, and ZSO-rbST cows 
during the pretreatment period did not differ (P = 
0.55). Overall production results during the treatment 
periods for the 3 treatment groups are presented in 
Table 1. During the treatment period, rbST-treated 
animals (VEL-rbST and ZSO-rbST combined) had 
increased average milk yield as well as milk fat and 
protein yields (P < 0.001) compared with controls. 
Milk fat percentage was decreased by rbST treatments 
(P < 0.001). In contrast, milk protein percentage was 
increased by rbST treatment (P < 0.001). Both VEL-
rbST and ZSO-rbST had no effect on logSCC (P = 
0.946), and both treatments reduced the average BCS 
compared with control cows (P < 0.001; Table 1). The 
primiparous cows treated with ZSO-rbST yielded 37.75 
kg/d, which was different from the 35.72 kg/d yielded 
by the cows treated with VEL-rbST (P = 0.003). The 
multiparous cows treated with ZSO-rbST yielded 40.13 
kg/d, which was different from the 38.81 kg/d yielded 
by the cows treated with VEL-rbST (P = 0.011). The 
difference in milk yield response between the ZSO-rbST 
and VEL-rbST treatments was not affected by parity 
(P = 0.164). T
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Yields of fat and protein were also different for both 
primiparous and multiparous rbST-treated cows com-
pared with control cows (P < 0.001; Table 1). The cows 
treated with ZSO-rbST yielded more kilograms of fat 
(P = 0.001) and protein (P < 0.001) per day compared 
with cows treated with VEL-rbST, and a parity × 
treatment interaction was found for protein yield (P = 
0.038). Figure 1 shows daily milk yield for dairy cows 
among the 3 treatment groups over the entire treat-
ment period (17 injection cycles).

Effect of rbST Formulation on Milk Protein,  
Fat Composition, and SCC

As demonstrated in Table 1, when compared with 
the control, both VEL-rbST and ZSO-rbST treatments 
affected milk fat percentage (P < 0.001) and milk pro-
tein percentage (P < 0.001). No differences in milk fat 
percentage were found between VEL-rbST and ZSO-
rbST treatments (P = 0.482); however, milk protein 
percentage differed between VEL-rbST and ZSO-rbST 
treatments (P = 0.027). Somatotropin treatments 
did not affect SCC compared with control cows (P = 

0.946), and no logSCC differences were found between 
VEL-rbST and ZSO-rbST treatments (P = 0.427).

Effect of rbST Formulation on Milk Yield Within  
the 14-d Injection Cycle

Figures 2A and B present least squares means of milk 
yield for each day of the 14-d injection cycle among 
the 3 treatment groups for primiparous and multipa-
rous cows, respectively. When comparing treatment 
cows with control cows, primiparous cows treated with 
ZSO-rbST had increased (P < 0.05) milk yield in all 
days of the injection cycle when day was evaluated as 
a categorical variable. In contrast, primiparous cows 
treated with VEL-rbST had increased (P < 0.05) milk 
yield only for d 2 to 9. Similarly, when comparing treat-
ment cows with control cows, multiparous cows treated 
with ZSO-rbST had increased (P < 0.05) milk yield in 
all days of the injection cycle, but multiparous cows 
treated with VEL-rbST had increased (P < 0.05) milk 
yield only for d 2 to 11. When the 2 rbST formula-
tions were compared, cows treated with ZSO-rbST had 
a higher (P < 0.05) milk yield than did cows treated 

Figure 1. Mean milk yield (kg/d) among dairy cows treated with vitamin E lecithin base (VEL) and zinc sesame oil base (ZSO) recombinant 
bST (rbST) over the entire treatment period. Somatotropin injections were given every 14 d for 17 cycles starting at 57 to 70 d postcalving. 
Color version available online.
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Figure 2. Least squares means and standard error of the mean of milk yield (kg/d) for (A) primiparous and (B) multiparous cows treated 
with vitamin E lecithin base (VEL) and zinc sesame oil base (ZSO) recombinant bST (rbST) or not treated (control) within 14 d of the 17 injec-
tion cycles. Daily means within a cycle with different letters (a–c) differ (P < 0.05). Color version available online.
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with VEL-rbST for d 1 and 7 to 14 of the 14-d cycle 
and d 1 and 8 to 14 of the 14-d cycle for primiparous 
and multiparous cows, respectively.

Effect of rbST Formulation on Milk Yield Persistency

When examining the effects of rbST by injection 
cycle (as a categorical variable), we found that for pri-
miparous cows (Figure 3A) the ZSO-rbST treatment 
significantly increased (P < 0.05) milk production 
compared with the control from cycles 4 through 17. 
The VEL-rbST treatment significantly increased (P 
< 0.05) milk production compared with the control in 
cycles 4, 5, 7, 8, 12, 15, and 16 (Figure 3A). The ZSO-
rbST treatment significantly increased (P < 0.05) milk 
production compared with the VEL-rbST treatment in 
cycles 4, 10 to 13, and 17 (Figure 3A). Similarly, when 
examining the effects of rbST by injection cycle (as 
a categorical variable), we found that for multiparous 
cows (Figure 3B) the ZSO-rbST treatment significantly 
increased (P < 0.05) milk production compared with 
the control for all 17 cycles. In contrast, the VEL-
rbST treatment significantly increased (P < 0.05) milk 
production of the multiparous cows compared with 
control cows in cycles 12, 13, 16, and 17 (Figure 3B). 
The ZSO-rbST treatment significantly increased (P < 
0.05) milk production of multiparous cows compared 
with the VEL-rbST treatment in cycles 12, 13, 16, and 
17 (Figure 3B). The milk persistency data across the 
seventeen 14-d cycle treatments are shown in Table 2. 
Although both rbST treatments numerically modified 
the average decline in daily milk yield compared with 
the control, only the ZSO-rbST treatment significantly 
improved the lactation persistency (P < 0.01). When 
analyzing the data by parity, only the multiparous cows 
treated with ZSO-rbST significantly differed from the 
control group. Nonetheless, no parity × treatment in-
teraction was found (P = 0.71; Table 2).

Effect of rbST Formulation on Cow BCS

The overall BCS information is shown in Table 1. 
The BCS was affected by both VEL-rbST and ZSO-
rbST treatments (P < 0.001) when compared with the 
control. No differences were found between the effect 
of VEL-rbST and ZSO-rbST treatments on BCS (P = 
0.788).

During the treatment period, primiparous control 
cows (Figure 4A) gained 0.10 point in BCS, starting at 
2.98 and finishing the treatment period at 3.08 (1-to-5 
scale; Pennington, 2003) and averaging 3.04 through-
out the entire trial (Table 1). Primiparous cows treated 
with ZSO-rbST and those treated with VEL-rbST 
gained 0.05 point throughout the entire treatment 

period (Figure 4A). Primiparous cows treated with 
ZSO-rbST started at 2.96 and finished at 3.01, whereas 
primiparous cows treated with VEL-rbST started at 
2.93 and finished at 2.98. During the treatment period 
multiparous control cows (Figure 4B) gained 0.42 point 
in BCS, starting at 2.86 and finishing the treatment 
period at 3.28. Multiparous cows treated with ZSO-
rbST gained 0.13 point in BCS, and those treated with 
VEL-rbST gained 0.19 point in BCS during the treat-
ment period. Multiparous cows treated with ZSO-rbST 
started at 2.85 and finished at 2.97, and primiparous 
cows treated with VEL-rbST started at 2.84 and fin-
ished at 3.04. No significant differences in BCS values 
were found between the 2 rbST formulations (Table 1). 
The BCS of multiparous cows treated with rbST began 
to diverge (P < 0.05) from that of control cows starting 
on injection cycles 6 and 7 (Figure 4B).

DISCUSSION

This is the first study to our knowledge that inves-
tigates and documents significant differences in milk 
yield responses through a full lactation for dairy cows 
supplemented with ZSO-rbST and VEL-rbST when 
evaluated on a commercial dairy operation. Overall 
milk yield was significantly increased among primipa-
rous and multiparous cows treated with ZSO-rbST over 
a 238-d treatment period when compared with cows 
treated with VEL-rbST. As a consequence, more kilo-
grams of milk fat and protein were produced per day 
when both primiparous and multiparous cows were sup-
plemented with ZSO-rbST compared with VEL-rbST. 
These increases in fat and protein yields are consistent 
with a recent publication (St-Pierre et al., 2014). Under 
the conditions tested in this study, milk fat percent-
age decreased due to rbST supplementation (probably 
because of a dilution effect), whereas the milk protein 
content increased; similar increases have been reported 
in the literature (Barbano et al., 1992). The parity × 
treatment interaction for milk protein yield reported 
in this study could be a consequence of the additional 
protein demand due to body protein growth during the 
first lactation (St-Pierre et al., 2014). In the current 
study, SCC did not differ significantly between control 
and rbST-treated cows, as it has been reported in the 
literature (St-Pierre et al., 2014). In a same fashion, 
VEL-rbST and ZSO-rbST treatments did not differ.

In this research, we clearly demonstrated significant 
differences in milk yields among the treatment groups. 
Over the course of the 238-d treatment period, both 
primiparous and multiparous rbST-treated cows pro-
duced more milk compared with controls. We observed 
an increase in milk yield consistent with rbST respons-
es reported by a recent publication (St-Pierre et al., 
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Figure 3. Least squares means and standard error of the mean of milk yield (kg/d) for (A) primiparous and (B) multiparous cows treated 
with vitamin E lecithin base (VEL) and zinc sesame oil base (ZSO) recombinant bST (rbST) or not treated (control) over seventeen 14-d injec-
tion cycles. Cycle means with different letters (a–c) differ (P < 0.05). Color version available online.
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2014). When the 2 rbST formulations were compared, 
primiparous cows treated with ZSO-rbST produced on 
average 2.03 kg/d more milk than those treated with 
VEL-rbST, or approximately 483 kg more milk over the 
entire 238-d treatment period. For multiparous cows, 
those treated with ZSO-rbST produced on average 1.32 
kg/d more milk than those treated with VEL-rbST, or 
approximately 314 kg more milk over the entire 238-
d treatment period. Within and between the 17 rbST 
injection cycles, milk yield analyses help reveal the 
drivers behind these differences.

As demonstrated in Figures 2A and B, clear differ-
ences were found in daily milk yields between the cows 
treated with ZSO-rbST and those treated with VEL-
rbST within the 14-d injection cycles. For primiparous 
cows, the ZSO-rbST treatment was effective in increas-
ing milk production within the 14-d cycle above that 
of control cows throughout the cycle period, whereas 
the VEL-rbST treatment increased milk production 
during only part of the cycle compared with control 
cows. Similarly, for multiparous cows, although those 
treated with ZSO-rbST and VEL-rbST had different 
milk yields on d 1 of the cycle, cows in both rbST 
treatments had similar milk peak yields. Those treated 
with VEL-rbST started to decline on d 8 and showed 
no difference from control cows on d 12 of the cycle. In 
contrast, those treated with ZSO-rbST maintained the 
difference with the control cows throughout the 14-d 
cycle, demonstrating a more sustainable 14-d milk yield 
response compared with the VEL-rbST treatment. A 
previous study by Bauman et al. (1989) examining the 
effects of the same ZSO base rbST formulation observed 
a comparable 14-d milk yield response curve with a 
peak on d 7 (midway through the injection cycle). In 
our study, the ZSO-rbST formulation had longer per-
sistency within the injection cycle compared with the 
VEL-rbST formulation.

Analysis of the effects of rbST formulation on daily 
milk yield across the 17 injection cycles demonstrated 

an additional important difference between cows treat-
ed with ZSO-rbST and those treated with VEL-rbST. 
For primiparous cows, the ZSO-rbST treatment was 
able to maintain increased levels of daily milk yield 
over 6 cycles compared with the VEL-rbST treatment. 
Likewise, multiparous cows supplemented with ZSO-
rbST had a greater response than those supplemented 
with VEL-rbST in cycles 12, 13, 16, and 17. When com-
paring the rbST-treated primiparous cows with control 
primiparous cows, the ZSO-rbST treatment signifi-
cantly increased milk production in 82.4% of the cycles 
(14/17), whereas the VEL-rbST treatment significantly 
increased milk production in 41.2% (7/17; Figure 3A). 
Also, compared with multiparous control cows, mul-
tiparous cows treated with ZSO-rbST produced more 
milk during 100% of the cycles, whereas those treated 
with VEL-rbST produced more milk in only 23.5% of 
the cycle treatment periods (4/17; Figure 3B). In line 
with the previous observations, the milk yield persis-
tency analysis across cycles (Table 2) showed that only 
the ZSO-rbST treatment was effective in modifying the 
average decline in daily milk yield per unit cycle. When 
the average slopes were analyzed by parity, primiparous 
control cows decreased 0.45 kg/d per cycle, primiparous 
cows treated with VEL-rbST decreased 0.35 kg/d per 
cycle, and primiparous cows treated with ZSO-rbST 
decreased 0.29 kg/d per cycle, but treatments did not 
differ. In contrast, the 1.02 kg/d per cycle decline in 
average milk yield of the multiparous cows treated 
with ZSO-rbST was significantly different (P < 0.05) 
from the 1.27 kg/d per cycle decline of the multiparous 
control cows. Multiparous cows treated with VEL-
rbST decreased milk yield by 1.11 kg/d per cycle, but 
they did not differ from control cows (Table 2). The 
improvement in lactation persistency with ZSO-rbST 
treatment is consistent with previous observations us-
ing the same formulation (van Amburgh et al., 1997). 
Although van Amburgh et al. (1997) hypothesized that 
primiparous cows are the ones most likely to benefit 

Table 2. Milk yield persistency (average slopes) across cycles among control cows and cows treated with 2 
recombinant bST (rbST) formulations over seventeen 14-d injection cycles1

Item

Treatment

SEM2Control VEL-rbST ZSO-rbST

All cows −0.8622a −0.7339ab −0.6549b 0.046
Primiparous −0.4547a −0.3542a −0.2884a 0.073
Multiparous −1.2697a −1.1135ab −1.0214b 0.056
a,bSlopes within a row with different superscripts differ (P < 0.01). Significance for parity effect <0.001 and 
parity × treatment = 0.71.
1Persistency is expressed as the average decline in daily milk yield (kg/d) per cycle (14 d). VEL-rbST = vita-
min E lecithin base rbST (Boostin-S, LG Life Science, Seoul, South Korea); ZSO-rbST = zinc sesame oil base 
rbST (Lactotropin, Elanco Animal Health, Greenfield, IN).
2Reported SEM are for the rbST treatments with 90 cows each. The SEM for the control treatment are larger 
by 23 to 25% because 60 cows were assigned to this treatment.
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Figure 4. Least squares means and standard error of the mean of BCS (1-to-5 scale) by injection cycle for (A) primiparous and (B) multipa-
rous cows treated with vitamin E lecithin base (VEL) and zinc sesame oil base (ZSO) recombinant bST (rbST) or not treated (control) over the 
17 injection cycles. Means within a cycle with different letters (a–c) differ (P < 0.05). Color version available online.
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from rbST supplementation in lactation persistency, 
the larger standard error of the mean of the primipa-
rous cows in the current study might have precluded us 
from reaching significance. These observations warrant 
further investigation.

Hormone release profiles for the 2 rbST formulation 
treatments were not performed in our study. Numer-
ous studies demonstrate the upregulation of IGF-1 
production, measured in milk and blood samples, as 
a primary driver to enhanced milk production in cows 
treated with various rbST formulations (Schams, 1989; 
Vicini et al., 1991; Azizan et al., 1994; Daxenberger et 
al., 1998; Collier et al., 2008; Castigliego et al., 2009). 
Azizan et al. (1994) measured blood bST and IGF-1 
levels among Sahiwal Friesian dairy cows treated with 
the ZSO-rbST formulation and with a 14-d injection in-
terval. The authors found greater serum bST levels up 
to d 14 of the cycle and greater IGF-1 levels up to d 9 
of the 14-d injection cycle compared with control cows. 
In contrast, Castigliego et al. (2009) measured blood 
bST and IGF-1 levels among Italian Friesian dairy cows 
treated with the VEL-rbST formulation and found no 
blood bST or IGF-1 differences between cows treated 
with VEL-rbST and control cows by d 8 and 11 of the 
14-d cycle, respectively. Studies that directly compare 
the blood rbST and IGF-1 pattern for both ZSO-rbST 
and VEL-rbST within a 14-d injection cycle would 
benefit by further exploring the differences shown by 
Azizan et al. (1994) and Castigliego et al. (2009).

Politis et al. (1990) demonstrated that the concentra-
tions of milk plasmin, a serine protease involved in mam-
mary gland involution, are significantly lower among 
bST-treated cows compared with controls throughout 
lactation. The authors further demonstrated that the 
effects of bST in a saline preparation on milk plasmin 
concentrations are very short lived, with plasmin con-
centrations increasing dramatically within 24 h after 
treatment cessation and a consequent decrease in milk 
yield. The differences in bST blood level persistency be-
tween the 2 rbST formulations shown by Azizan et al. 
(1994) and Castigliego et al. (2009), and their potential 
effects for suppressing milk plasmin (and thus mam-
mary gland involution), need to be studied further.

Beyond the differences in milk yield among cows 
treated with ZSO-rbST and those treated with VEL-
rbST, it is of interest that no significant differences in 
BCS were found between these 2 treatments. Despite 
the fact that cows treated with ZSO-rbST produced 
more milk over the 238-d treatment period compared 
with those treated with VEL-rbST, both treatment 
groups within parity ended the lactation period with 
the same BCS (Figures 4A and B). Although individual 
animal feed intake was not measured in our study, it 

has been reported that cows treated with rbST increase 
their voluntary feed intake to support the increase in 
milk production and thereby maintain adequate body 
reserves (St-Pierre et al., 2014). An increase in volun-
tary feed intake is likely what happened in our study 
as milk production increased among cows treated with 
ZSO-rbST and those treated with VEL-rbST with no 
differential effect on BCS. In the current study, when 
data are analyzed by parity, it is clear that changes 
in BCS of the primiparous rbST-treated cows did not 
result in loss of BCS that the animals could not recover 
toward the end of lactation (Figure 4A). As for the 
0.24 and 0.31 BCS difference by the end of the study 
for the multiparous cows in the VEL-rbST and ZSO-
rbST treatments, respectively, compared with control 
cows (Figure 4B), it has been reported that this likely 
represents a clinically irrelevant decrease in BW of ap-
proximately 10 kg (St-Pierre et al., 2014).

The lack of difference in BCS among cows treated 
with ZSO-rbST compared with those treated with 
VEL-rbST in our study was somewhat unexpected 
because milk production was higher for the ZSO treat-
ment. Leonard et al. (1990) postulated that when cows 
are treated with rbST, during which milk production 
returns to baseline and remains at that level for a pe-
riod of time before rbST readministration (as observed 
among cows treated with VEL-rbST in our study), 
the strength of the biological signals driving voluntary 
intake may be weaker. This is consistent with the ob-
servations by Melendez and Bargo (2010), in which 
grazing dairy cows were administered rbST (VEL-rbST 
or ZSO-rbST formulation) starting at 85 ± 11 DIM but 
cows treated with the ZSO-rbST formulation had sig-
nificantly higher BCS from d 154 forward in the lacta-
tion cycle compared with those treated with VEL-rbST. 
Similarly, a study by Fike et al. (2002) demonstrated 
that pasture-based cows supplemented with ZSO-rbST 
graze for a longer time compared with nonsupplement-
ed cows. It is possible that the effects of rbST on feed 
intake depend on both rbST formulation type and feed 
management type. In the current study, the extra milk 
yield of the ZSO-rbST treatment over the VEL-rbST 
treatment may preclude us from seeing differences in 
BCS; further investigation is needed. Regardless of the 
differences between the 2 rbST formulations and their 
potential effect on BCS, the current study showed that 
multiparous cows did not get thinner throughout the 
treatment period and that they did not regain condi-
tion as quickly as the multiparous control cows did. 
The latter observation could be a management strategy 
for reaching the dry period with a desirable BCS and 
preventing the potential of fat cow syndrome at calving 
time (Morrow, 1976).
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CONCLUSIONS

The ZSO-rbST formulation increased milk produc-
tion by 2.03 and 1.32 kg/d for primiparous and mul-
tiparous cows, respectively, when compared with the 
VEL-rbST formulation. Both treatments affected milk 
components, but the ZSO-rbST formulation resulted 
in greater yields of fat and protein. The greater milk 
yield of the ZSO-rbST formulation over the VEL-rbST 
formulation was attributable to less variation within 
the 14-d cycles as well as a more consistent response 
throughout the 17 injection cycles. Only the ZSO-rbST 
formulation was effective at increasing the lactation 
persistency of the treated cows compared with control 
cows. For dairy producers who have the choice of more 
than 1 rbST formulation, this study demonstrated that 
the ZSO-rbST formulation is better than the VEL-rbST 
formulation for increasing milk yield in dairy cattle.
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