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Abstract 

Feeding dairy cattle linPRO-R (O&T Farms Ltd.) has been shown to improve animal performance and health 
(Robinson and Swanepoel, 2017; Fetter et al., 2017; Moats, 2016). In some cases, feeding flaxseed-based 
products to dairy cattle has been linked to improvements in reproductive performance (Petit et al., 2001; Anderson 
et al., 20007). A large-scale commercial study was conducted to evaluate the effects of linPRO-R on milk 
production, animal health, and reproductive performance in mid- low lactating dairy cattle. A total of 551 mid-late 
lactating (150-240 DIM) Holstein dairy cows were used in a randomized block design. Experimental diets consisted 
of a control diet (no linPRO-R; CTL), a diet containing a low level of the linPRO-R product (2.5% DM; LLPR), and a 
diet containing a high level of the linPRO-R product (5.0% DM; HLPR). Results of this study reported an increase in 
milk fat content yield (P = 0.04) when either LLPR or HLPR was compared to CTL. Milk yield was maintained in 
linPRO-R diets compared to CTL, while a quadratic improvement in protein was observed (P =0.03). Total SCC was 
reduced quadratically in linPRO-R treatments compared to the control (P = 0.03). A quadratic reduction in mastitis 
infections was also observed in linPRO-R treatments (P = 0.02). No statistical differences in mid-late lactation 
breeding performance was reported; however, small sample size for this variable may be a contributing factor as 
numerical improvements were observed in 3rd, 4th, and 5th service. Total tract digestibility of experimental diets 
indicates a tendency for improved OM (P =0.08) and NDF (P =0.09) digestibility in linPRO-R treatments. Economic 
evaluation of dietary treatments using current California market prices and costs of production suggest an increase 
in net income when linPRO-R is included in the diet of mid-late lactating dairy cattle. Overall, data from this study 
support the inclusion of linPRO-R in mid- low lactating dairy cow diets. 
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Introduction 

There is continued interest in the application of 
flaxseed in dairy cow rations due to the potential 
health benefits of the omega-3 alpha-linolenic 
acid (ALA), reproductive benefits, and 
opportunity for value-added food production. 
However, challenges associated with the 
ruminant digestive system have limited producer 
usage of flaxseed products on-farm. Therefore, 
proper processing of the flaxseed product prior to 
feed application, is essential to optimize animal 
performance and ensure economic return to 
producer.  

Feeding flaxseed-based products to dairy cattle 
may improve the energy density of the ration, 
while also offering benefits towards reproductive 
performance (Petit et al., 2010) and reducing 
incidence of mastitis (Kaithwas et al., 2011). 
Furthermore, increasing dietary omega-3 fatty 
acids in the dairy cow ration has been shown to 
improve the fatty acid profile of the milk for 
human consumption (Chillard et al., 2000) 
However, due to the complexity of the dairy 
cow’s digestive system, challenges remain in 
identifying effective feeding strategies for this 
oilseed. In Ruminants, polyunsaturated fatty 
acids are largely bio hydrogenated before their 
absorption in the small intestine (Meignan et al., 
2017) thereby limiting the animal’s access to 
these nutrients. Biohydrogenation may also 
impair fiber digestibility (NRC, 2001) and lead to 
the formation of intermediate trans fatty acids 
that have been associated with milk fat 
depression (Shingfield et al., 2010). Therefore, 
the efficiency of flaxseed-based products is 
dependent upon the degree to which the omega-
3 fatty acids are protected against 
biohydrogenation.  

 

 
LinPRO-R is a commercial flaxseed-based feed 
ingredient manufactured and produced by O&T 
Farms Ltd. (Regina, SK.). The dry-extrusion 
processing technology along with a unique blend 
of ingredients (peas, alfalfa, vitamin E, and 
flaxseed) make it appealing for commercial dairy 
applications, especially as it relates to animal 
health and reproduction. The company’s patented 
dry-extrusion processing provides protection of 
the omega-3 fatty acids from ruminal 
biohydrogenation the formation of a protein- fat 
matrix (Kennelly, 1996), and increases the levels 
of rumen undegradable protein (RUP). The 
overall result is a stabilized form of flaxseed-
derived omega- 3 fatty acids that is stable and 
can overcome challenges commonly associated 
with feeding flaxseed to ruminants, in its whole or 
ground form. 

Earlier studies have demonstrated the ability of 
linPRO-R to optimize animal performance in 
mid- low lactating cows (Moats, 2016), mitigate 
inflammatory responses in transition cows 
(Fetter, 2017), and optimize overall performance 
and health in early-lactating cows (Robinson 
and Swanepoel, 2017). Therefore, incorporating 
linPRO-R throughout the entirety of the lactation 
period could offer substantial economic benefits 
to producers through improved overall herd 
performance; however, large-scale commercial 
research in mid- low lactating dairy cattle is 
necessary to support these claims.  

Objective 

The objective of this study was to evaluate the 
impact of feeding different dietary inclusion 
levels of linPRO- R to mid- low lactating dairy 
cattle on milk production, milk composition, 
animal health, reproductive performance, total 
tract digestibility of diets, and the subsequent 
economic impact for producers. 
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Methodology 

A commercial-scale study was conducted on a 
5,000 cow California dairy herd. Experiments 
were carried out as a randomized block design 
consisting of three pens holding ~315 early-
lactating, multiparous, Holstein dairy cattle (150-
240 DIM) over 9 treatment assignment weeks 
with 551 cows having met all trial criteria. Cows 
leaving the early-lactation pen were loaded into 
trial pens every 3 weeks, ensuring an equal 
number of cows with high DIM (> 240 DIM) were 
removed.  

Additionally, animals and treatments rotated 
through each physical pen every 30 days thereby 
eliminating “pen” as a variable within the 
statistical model (Figure1).  

 

 

Figure 1. Animal and treatment rotation pattern 
used in the current study. 

 
Animals were de-assigned from the experimental 
treatments only if the following criteria were met: 
1) the cow received an antibiotic treatment, 2) the 
cow was off-treatment for > 6 days, or 3) the cow 
died. Animals were cared for, bred, and handled 
according to facility management standards. The 
facility uses a timed ovsynch breeding program. 
 
 
 

Experimental diets consisted of a control diet (no 
linPRO-R; CTL), a diet containing a low level of the 
linPRO-R product (2.5% DM; LLPR), and a diet 
containing a high level of the linPRO-R product 
(5.0% DM; HLPR). The HLPR treatment was added 
with the objective of evaluating milk fatty acids; these 
data are excluded from this summary and can be 
sourced from O&T Farms using project code 
OT17_11B. Diets were fed twice daily as a total 
mixed ration (TMR) and were formulated to be 
isonitrogenous (16% CP DM) and isocaloric (3.5% 
EE DM). 

Animal performance was measured based on milk 
production, milk compositional yield and body condition 
scores. Health incidences were monitored daily and 
assessed by farm personnel and recorded to the 
facility’s DC305 herd records. Total-tract digestibility 
was determined using lignin as the internal indigestible 
marker.   

Reproductive performance was evaluated based on 3rd, 
4th, and 5th service conception rates. Third service was 
conducted ~20 days prior to animals being on 
treatment.  

The economic impact of dietary treatments was 
evaluated based on feed costs, current milk prices, 
costs associated with breeding and costs associated 
with health incident treatments. 

Data were analyzed by standard MIXED procedures 
with treatment, block and treatment*block as the 
fixed effects, and cow as the random effect nested 
within block. 
 
Results & Discussion 

Milk Production & Composition 

Dietary effects on milk yield, milk components, 
somatic cell count (SCC), and body condition score 
(BCS) are presented in Table 1. Milk yield was 
maintained among treatments (P >0.05) averaging 
82.1 lbs/d. Milk fat content increased linearly (P 
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=0.04), while milk protein content increased 
quadratically (P =0.03). The SCC reduced 
quadratically in the present study (P =0.03). 
Reduced SCC have also been reported in early-
lactating dairy cattle (Robinson and Swanepole, 
2017) fed linPRO-R at the same dietary inclusion 
rates.  

 
Table 1:  Effect of treatment on milk performance and BCS 

 Treatment  P-values 

CTL LLPR HLPR SEM Linear Quad 

DMI, lb/d 63.5 61.5 62.4 0.471 0.62 0.46 

Milk Yield, lb/d 83.1 81.4 81.8 0.515 0.41 0.44 

Milk fat, % 3.58 3.67 3.67 0.031 0.04 0.17 

Milk fat, lb/d 2.93 2.98 2.98 0.020 0.54        0.64 

Milk Protein, % 3.33 3.39 3.35 0.019 0.38 0.03 

Milk Protein, lb/d 2.76 2.73 2.73 0.016 0.65        0.86 

Milk Lactose, % 4.71 4.74 4.73 0.010 0.17 0.06 

Milk Lactose, lb/d 3.92 3.86 3.86 0.025 0.53         0.63 

SCC, (x 1000) 212 166 253 24.5 0.24 0.03 

BCS (Units) 3.17 3.10 3.16 0.048 0.90        0.31 

 

Total Tract Digestibility: 
Total tract digestibility of select nutrients was 
estimated on 324 of the animal on treatment, using 
dietary lignin as the indigestible marker. A tendency 
for improved digestibility of dietary organic matter, 
and NDF were observed (0.1 <P >0.05). These data 
provide support that linPRO-R will not negatively 
impact fiber digestibility, which can be a concern 
when feeding sources of polyunsaturated fatty acids 
to dairy cattle.  

 

 

 

 
Table 2:  Effect of experimental diets on Total tract digestibility (n= 324) 

 Treatment  P-values 

CTL LLPR HLPR SEM Linear Quad 

Organic Matter, % 62.8 63.3 65.0 1.13 0.08        0.52 

Crude Protein, % 58.3 59.6 60.8 1.64 0.16       0.99 

aNDF, % 41.0 43.7 44.3 1.75 0.09       0.51 

aNDFom, % 42.6 45.3 46.0 1.69 0.08        0.53 

Similar results were reported in mid-late lactating 
cows fed 11% DM of linPRO-R (Moats, 2016) 
suggesting dietary digestibility is maintained, and 
potentially improved, even at high dietary inclusion 
levels. 

 
Health Incidences 
 
Results of this study provide support for the positive 
immunological impact of feeding linPRO-R on dairy 
cattle, especially as it relates to inflammatory diseases 
such as mastitis. Animals in the HLPR treatment group 
reported higher incidence of reproductive failure and 
lactation failure compared to the other treatments, 
resulting in elevated number of total cows culled from 
the treatment herds. However, it is important to note 
that these occurrences are not believed to be 
associated with treatment, but rather due to poor 
genetic performance and/or old age. Even though 
animal allocation was random, HLPR treatment ended 
up with a disproportionate number of animals with 
production failure incidence independent to treatment. 
 
A quadratic reduction in mastitis was reported when 
mid- low lactating dairy cattle were fed linPRO-R 
compared to the CTL (P = 0.02; Figure 2). Robinson 
and Swanepoel (2017) also observed a reduction in 
mastitis when linPRO-R was fed to early-lactating 
Holstein dairy cows.   Mastitis is a major source of 
economic loss within the dairy industry resulting in 
reduced milk yields, involuntary culling, and treatment 
costs. It is an inflammatory disease within the mammary 
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gland primarily caused due to immune response to 
bacterial infection of the udder.  

Figure 2: Effect of dietary treatment on % of cows 
culled due to health and production incidence.  

Earlier work reported a reduction in inflammatory 
genetic markers when transition cows were fed 
linPRO-R (Fetter et al., 2017), which is in agreement 
with the reduced SCC and incidence of mastitis 
observed in this study, and earlier studies. 

Reproductive response: 

Conception rates of mid-lactating dairy cattle were 
recorded for the 3rd, 4th, and 5th services. Statistical 
differences were not observed in this study; however, 
that is believed to be largely attributed to the smaller 
sample size in later DIM as many of the animals had 
already conceived during the early-lactation period. 
Regardless, there appears to be a numerical 
improvement in conception rates of dairy cows fed 
the linPRO-R products compared to the CTL. A lower 
treatment response was observed in the HLPR 
treatments; however, that is believed to be related to 
physiological challenges mentioned in the earlier 
section of this report. Additionally, the linPRO-R fed 

cows appeared to have fewer abortions compared to 
those fed the control diet. This is in agreement with 
earlier research suggesting dietary sources of the 
omega-3 alpha-linolenic acid minimizes embryonic 
loss (Ambrose, 2006).  

Figure 3: Effect of dietary treatment on conception 
rates of mid-late lactating.  

Economic Evaluation: 

An extensive economic evaluation was conducted 
based on feed costs, breeding costs, health costs, 
and current state markets for cull cows and milk. In 
this study, the economics are based on California 
markets. Overall, results indicate an increase in 
net income when linPRO-R is included in the diet 
of dairy cattle at a level of 2.5% DM (Table 3). An 
economic return was not observed in the HLPR 
treatment group; however, this is believed to be 
due to factors independent of dietary treatment 
such as the disproportionate number of animals 
reporting production challenges due to genetics or 
age (Figure 2). Earlier work reported improvement in 
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overall net income when early-lactating dairy cattle 
were fed HLPR (Robinson and Swanepoel, 2017), 
while Moats (2016) reported improved income over 
feed costs when linPRO-R was fed to mid-lactating 
dairy cattle at 11% DM.  
 
Table 3: Economic evaluation of experimental treatments (n= 365) 
 Treatment 
 CTL LLPR HLPR 

Calculated Revenue $158,411 $158,294 $154,455 

Calculated Expenses $84,116 $78,827 $96,730 

Net Income per cow $743 $795 $577 

Net income per defined group $271,177 $290,056 $210,696 

 
Conclusions 

Results of this study provide support for the 
inclusion of linPRO-R into the diet of mid-late 
lactating dairy cattle. Milk production and DMI was 
maintained while, milk component percentages, 
including fat, improved. Milk quality and animal 
health was improved as indicated by reduced SCC 
and reduced incidence of mastitis. Reproductive 
performance of mid-late lactating dairy cattle that 
did not conceive during the early-lactation phase 
was also observed. An economic return was 
observed when linPRO-R was included at 2.5% 
DM. Overall, this study demonstrates a positive 
production and economic response in dairy 
cattle fed linPRO-R. 
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