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Abstract. The objective of this study was to evaluation of feed conversion efficiency for Latvian
Brown (LB) and Halstein Black and White (HM) dairy cows breeds to define optimal crude
protein (CP) content in the feed. In the research study were completed three (A, B, C) dairy cows
group (8 cows in each group) with LB and HM breed’s cows in the early lactation period, from
10 till 30 lactation days. Each groups cows were feeder with total mixed ration (TMR) with
different CP content (approx. 18.0%, 17.5%, 17.0% accordingly). In the research period were
controlled the amount of feed fed and regularly collected feed samples. After 21 days feeding
was controlled milk yield, collected milk samples for content testing, and faecal amount and
samples. Milk samples were analysed for fat, total protein (%) and urea content (mg dL ™). Milk
samples for content parameters were analysed in an accredited milk quality laboratory. The
statistical analyses were performed with the SPSS program package. The results acquired show
that in all studied parameters were not significant differences between study groups. To evaluate
the feed conversion efficiency during the study, we used the energy corrected milk (ECM) and
the feed dry matter content during research and cal cul ated the coefficient for each cow individually
and on average in the study group. Milk yield, protein and faecal amount were significantly
different among breeds. Milk urea content was average 28.5 mg dL* for all LB breed cowsin all
groups, for HM breeds it was 23.6 mg dL . These results show that LB breed cows did not
converse feed proteins wholesome. Total milk and faecal amount were decreased in agroup with
CP 17% in feed by 10% and 7% accordingly. By using this data, the farmer may make evaluations
and forecast of farming efficiency; cows breed preference and environmental thrests.
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INTRODUCTION

The volatility of the world dairy market and climate change are encouraging
farmersto seek the most efficient use of available resources to reduce the environmental
impact of their production process and thus reduce production costs. Therefore, it is
important to evaluate the compasition of the feed ration and to monitor its use.

Increasing the conversion efficiency of cattle feed is that less nutrients are excreted
in the manure, so feed conversion efficiency affects both economic and environmental
efficiency. One of parameter that recommended using for conversion efficiency control
is milk urea content (Zhai et al., 2006; Gruber & Poetsch, 2012; Ruska et al., 2017). For
an accurate assessment of feed conversion efficiency, is recommended to use Energy
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Corrected Milk (ECM) to calculate productivity, which will allow comparisons to be
made between cows, groups, or farms with different technol ogies and breeds. One of the
recommended calculations of feed conversion efficiency is the ratio of ECM to dry
matter intake, depending on lactation and day of lactation (Hutjens, 2005). According to
the US National Science Council (NRC), farmers exceed on average 6.6% nitrogen in
their diet, resulting in 16% increase nitrogen content in their urine and 2.7% increase
nitrogen in their manure (Jonker e al., 2002). By feeding a balanced diet to dairy cows
after calving, when the amount of feed ingested can also affect the animal's health, we
can ensure control over productivity, health and costs.

One of the factors that stay influence on feed conversion efficiency coefficient is
cow genotype. Results of previous studies confirm that Jersey and Holstein—Friesan
crossbreed cows produce more milk from lower feed inputs (Coffey € al., 2017). While
other study results with Holstein and Swedish—Red and Jersy or Holstesin crossbred
dairy cows does not find interaction for any milk production parameters by milk solid
yield (Ferris et al., 2018).

Research in the Netherlands at the end of the last century has shown that keeping
dairy cows and thus milk production account for the greatest amount of nitrogen pollution
in the surrounding environment. Calculations predicted an average nitrogen rel easefrom
total nitrogen intake in 29% faecal, 50% in urine, 19% in milk and 2% in dairy cow to
maintain body condition (Tamminga, 1992). Later, the results of the studies performed
corrected this distribution for the following average nitrogen excretion in faecal 37%,
urine 35%, milk 27% and 0% for body maintenance. The distribution of this may be
affected by the influence of various factors that require in-depth study (Straalen, 1995).

The objective of this study was to evaluate difference of feed conversion rate
between Latvian Brown (LB) and Holstein Black and White (HM) dairy cows breeds.

MATERIALSAND METHODS

The study was conducted from begin of May till the end of July 2019 at theresearch
and study farm Vecauce of the Latvia University of Life sciences and Technologies
(LLU MPS Vecauce). Twenty four dairy cows were completed in three groups within
Latvian Brown and Holsten Black and white breeds in each group were presented. Cows
werein early lactation phase from 10 to 30 lactation day, with second and third lactation.
The cows were housed in a 3x3 Latin square design experiment, three diets over three
periods each lasting 21 days. In this paper were analysed data from first phase of
experiment (accordingly lactation phase from 10 to 40 days).

The cows fed with in farm used prepared total mixed rations (TMR) which differ
by crude protein content in diet (A, B, C groups 18.0%; 17.5%; 17.0% accordingly). Feed
compositions were completed within farm used maize silage, grain, soya seed, rapeseed
cakes and mineral additives. All cows were fed ad libitum. Refused feed were collected
and weighted every day separately for each cow. Water intake was recorded for each
individual cow every day. To control the composition of the feed ration, TMR samples
for testing are taken from the feed table every second or third day (n = 24 samples). In
the Table 1 presented chemical composition of TMR is the average of the compound
feed and not of each ingredient individually. Feed composition were analysed in
accredited laboratory of LLU for dry matter (%), fat (%), protein (%), fibre content (%)
€etc.
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Table 1. Chemical composition of feed compounds during the study

Traits Agoup(n=8) Bgroup(h=8) Cgroup(n=238)
Dry matter, %, included: 45.62 40.57 38.29

Crude protein in dry matter, % 18.02 17.89 16.99

Ashin dry matter, % 6.88 7.14 8.40

Crude fibrein dry matter, % 13.46 15.27 19.17

NDF, % 28.93 32.15 36.62

ADF,% 16.78 19.46 23.40

Fatsin dry matter, % 3.30 3.20 3.17
Digetibility of organic substances, %  78.12 76.49 71.38

The crude protein content of the feed ranged from 16.99% to 18.02%, depending
on the group to be fed. It meets the needs of dairy cows depending on milk yield. The
crude fibre ranged from 13.46% to 19.17% and met the needs of high-yielding cows
(NRC, 2001). The NDF content in all TMR groups meets the needs of dairy cows in
begin of lactation.

Milk yield (kg) recording and sampling were on first, seven, eleven, fifteenth and
twenty first days (n =63 samples), separate for each milking time. Milk composition
was analysed in accredited laboratory for milk quality control for content of fat (%),
crude protein (%), urea (mg dL™) and somatic cell count for quality characterising.

Total faecal amount after 21 days were collected over 72 hours from each cow
separately (n = 24 samples). Daily feces was collected, weighed, mixed thoroughly, and
subsampled for each cows. Faecal sample composition were analysed in accredited
laboratory of LLU for dry matter (%), nitrogen (N, %), phosphor (P, %), potassium
(K, %) content.

For data processing, the feed and faecal dry matter and crude protein content, as
measured as a percentage of dry matter in the laboratory were recalculated to amount
(kg) according to ICAR guidelines (ICAR, 2017). Also content of dry matter and
nitrogen in faecal was recalculated in compliance with formula (1).

Amount, kg = (yield,kg X % of content)/100 @

With an aim to compare and evaluate study results between groups and estimate
feed conversion rate, milk yield and content weretransformed in ECM (ICAR, 2017) by
following formula:

ECM = (fat yield, kg % 38.3 + protein yeild, kg X 24.2 + @)
+milk yield, kg x 0.7832)/3.14

Statistical processing of the data was carried out with MS for SPSS (SPSS Inc.
Chicago, Illinois, USA) and MS Office programme Excel. Images were created with
MS Office programme Excel.

RESULTSAND DISCUSSION

The choice of cow breed is important in terms of farming modedl, feeding and
productivity. Dairy cows breed may have significant influence on milk productivity and
quality traits, therefore feed and water intake by cows. The research groups consisted of
two breeds of cows and evaluated the influence of the breed on productivity and feed
consumption parameters. The results of the study show significant differences in
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productivity, feed utilization and faecal output in al study groups between breeds.
Average milk productivity traits per cow in the control day in study are present in the
Table2.

Table 2. Average cow milk productivity traits by breed in experiment first phase

Study groups

A B C
Traits Breeds

LB HM LB HM LB HM

(n=6) (n=15) (n=6) (n=15) (n=6) (n=15)
Milk yield, kg 289+ 475+ 282+ 46.8 + 26.1+ 478+

2.522 1.92° 2,732 1.94° 2277 2.74°
Fat content, % 4.00 + 314+ 3.94+ 3.18+ 414 + 2.49 +

0.0152 0.181° 0.1042 0.338° 0.1492 0.309°
Crude protein content, % 3.50 + 291+ 3.28+ 2.64 + 3.18+ 1.85+

0.1622 0.086° 0.952 0.287° 0.0802 0.304°
Urea content, mg dLt 283+ 26.3+ 28.7+ 215+ 286+ 229+

3.552 1.142 2.042 3.142 3.422 4.882
ECM, kg 29.1+ 40.6 + 276+ 39.3% 26.2% 332%

2.542 1.81° 2472 2.81° 2.622 2.98

&b _ productivity indicators with unequal letter differed significantly among the breeds in separate group
(p<0.05).

The milk yield on the control day differs significantly between breedsin all study
groups but does not differ between groups within the breed.

TheLB breed yield ranged from 26.1 kg in C group to 28.9 kg in A group. TheHM
yield ranged from 46.8 kg in group B to 47.8 kg in group C. The fat and crude protein
content of milk differed significantly between breeds, but there was not significant
difference between the groups within one breed. The fat content of LB breed milk were
ranged from 3.94% in group B to 4.14% in group C. The HM breed fat ranged from
2.94% in group C to 3.18% in group B. The crude protein content of LB breed milk
ranged from 3.18% in group C to 3.50% in group A. The HM crude protein content was
significantly lower and ranged from 1.85% in group C to 2.91% in group A. Other
scientists have al so conducted studiesto comparethe milk composition of Red and White
and black cows. It was found that Swiss brown cows had significantly higher crude
protein content in milk compared to Holstein cows (DeMarchi et al., 2008). Estonian red
cow's milk has been found to have a higher content of crude protein than Estonian
Holstein cows (Joudu €t al., 2008).

The mean urea content in milk during the study was within optimal limits for all
breeds, 21.5mgdL™ to 28.7 mgdL™. In Europe, the optimal urea content in milk is
considered to be 15 mg dL ™ to 30 mg dL* (Bijgaart, 2003). The milk urea contents are
not significantly different between breeds and groups. Previous studies with Holstein,
Jersey and Switzerland Brown cows show a significant difference in crude protein and
urea content in milk depending on the breed of dairy cow (Carroll et al., 2006).

Average feed and water intake differs significantly between breeds in all study
groups, but not between groups (Tabd 3).
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Table 3. Average feed traits and water intake per day by breed in experiment first phase

Study groups
A B C
Traits Breeds
LB HM LB HM LB HM

(n=72) (n=120) (n=72) (n=120) (n=72) (n=120)
355+ 388+ 34.7+ 42,6 £ 376+ 477+

Feed intake, kg 1.56 2.90° 103 3.69° 082  1.26"
. 162+ 177+ 141+ 173+ 144+ 183+
Dry matter intake, kg~ 71 1.3 0.422 1.49 0318 049

292 + 319+ 252+ 3.09 + 244+ 310+
0.1302 0.239%° 0.0782 0.268" 0.053*  0.082°
80.2 + 113.2 + 76.9 + 127.7 + 747+ 110.1%
6.207 379 3.15% 15.54° 2.30° 9.89°

&b _ traits with unequal letter differed significantly among the breedsin separate group (p < 0.05).

Crude protein intake, kg

Water intake, L

Feed intake for LB breed cows were ranged from 34.7 kg in group B to 37.6 kg in
group C. TheHM breed feed intake werefrom 38.8 kg in group A to47.7 kg in group C.
Feed dry matter intake were significantly high for the HM breed cows (17.3 kg to
18.3 kg), but does not achieve nutritional requirement for milk yield of experiment cows.
Dry matter intakes are affected by many factors. physiological, diet, environmental. Isit
possible predict dry matter intake by dairy cows lactation, lactation day, milk yield etc.
Daily dry matter intake could be less on begin of lactation than in the end by 5 kg per
day (Weiss, 2015). Dry matter intake for LB breed cows were from 14.1 kg to 16.2 kg
which provide nutritional requirement for their milk yield. Feed crude protein intake
wereranged from 2.44 kg to 2.92 kg for LB breed cows and was significantly lower than
for HM breed cows were ranged from 3.09 kg to 3.19 kg. Water intake is depending on
dry matter intake. Isit possible to predict water intake by estimation. Our study results
conform previous studies where average dry matter intake 18.3 kg per day require
75.2 kg water per day for lactating cows (Appuhamy e al., 2016). There we find
significant differences between LB and HM breeds cows water intake.

Found out differences between breeds in feed intake and milk productivity
consequence related to faecal output (Tabd 4). Faecal amount was significantly lower
for LB breed cows (ranged from 29.7 kg to 27.6 kg), but there was not differences among
study groups. The HM breeds cow faecal amount was higher and ranged from 39.5 kg
ingroup A t049.9 kg in group C.

Table 4. Average faecal traits output per day by breed in experiment first phase

Study groups
' A B C

Traits Breeds
LB(n=6) HM(n=15 LB(n=6) HM(n=15 LB(n=6) HM (n=15)

Faecal, kg 29.7 £ 395+ 30.1+ 45.0 % 276« 49.9 £
1172 1.56° 1072 6.9% 1.89% 419

Dry matter, kg 3.85% 5.36 £ 3.64 £ 593+ 341+« 6.02 £
0.058? 0.203° 0.1762 0.856° 0.3552 0.497°

Nitrogen, kg 013+ 017+ 011+ 019+ 010+ 018+
0.0042 0.004° 0.0062 0.030° 0.0102 0.020°

ab_ traits with unequal |etter differed significantly among the breeds in separate group (p < 0.05).
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Feed conversion efficiency is estimation of how much produced for each unit of
feed consumed. For evaluation of feed conversion efficiency of dairy cows usualy
calculate the ratio of milk yield to feed dry matter intake. Feed efficiency is useful tool
to control feed costs. Therefor breeding organisation start to use it for selection works,
to control potential for lower maintenance requirements of the cow herd, reduce overall
feed intake, improve feed conversion ratio, reduce methane emissions and reduce
manure hitrogen, phosphorus and potassium production (Berry & Crowley, 2013). To
estimate feed conversion efficiency lactating animals is more complicated than for
growing animals. Lactating cows under lactation curve characterized by rapid
catabolism of body reserves after calving than anabolism of body reserves until next
calving (Roche et al., 2009).

To evaluate the conversion efficiency of the feed during the study, we used the
ECM and the feed dry matter content and calculated the coefficient for breeds and on
average in the study group (Fig. 1).
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Figure 1. Feed conversion rate by dairy cows breeds in study groups.

The calculated coefficients show deficit of the dry matter in the feed ration, which
was reflected in thereduction in live weight of individual cows asinternal body reserves
were used to provide milk yield. The average coefficients for LB breed cows were
similar in all groups and did not differ significantly between groups and breeds. The
average coefficients of groups A and B for HM breed cows were above the
recommended level, and the coefficient of group C was within the recommended range
corresponding to level 1.6-1.8 of second lactation, the initial lactation phase (Hutjens,
2005; Arndt et al., 2015). In the study feed conversion efficiency for group C cows for
both breeds was most effective.

Onfarms, it isappropriate to apply the feed conversion efficiency coefficient at the
herd or group level rather than for individual animals. The calculation of the coefficient
requires weekly data on the dry matter content of the feed, the amount of uneaten feed
and the milk productivity traits (ECM). The farm needs to record feed quality and
consumption in order to be able to make the necessary changes to feed rationing in a
timely manner.
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Limited data are available on the comparative feed conversion efficiency of
lactating LB and HM cows. In study where compare Friesian (F) and Jersey (J) breed
cows were established that F cows was consumed more feed dry matter per day than
J. Estimate efficiency parameter inthis study (amount of milk produced per kg of dry matter
consumed) was not find significant differences between breeds (Mackle et al., 1996).

Feed conversion efficiency possible to evaluate by crude protein utilization. In our
study estimated crude protein amount in milk to crude protein intake (Table 5). Crude
protein conversion coefficient of crude
protein were ranged from 0.28t0 0.45 ~ Table5. Feed crude protein  conversion
for HM breeds cows and form 0.34 to efficiency by dairy cows breeds in study groups

0.36 for LB breed cows difference was Breeds A B C
significant between breeds. Study LB 035+ 0.36 + 0.34+
results are related with previous 0.024° 0.028° 0.020°
researcher estimation they predict 27%  HM 045 + 0.39 + 0.28 +
0.043° 0.03% 0.037°

of total intake nitrogen extraction in
milk and highly variable of this & b _traits with upequd letter differed significantly
estimation 10% to 40% (Straglen, 1995; among the breeds in separate group (p < 0.05).
Calsamigliaet al., 2010).

To evaluate feed conversion efficiency is it possible to analyse other productivity
and utilisation parameters (Arndt et al., 2015).

CONCLUSIONS

Milk productivity traits and feed intake were different between LB and HM dairy
cows. Milk yield, crude protein content, feed and water intake and faecal amount
significantly differ between cows breeds. The conversion efficiency of the feed during
the study was optimal for LB breeds cows in all study groups. For HM breeds cows this
ratewas optimal in C group, in A and B group coefficient was higher than recommended
value.

ACKNOWLEDGEMENTS. Research was conducted with support from Latvia Ministry of
Agriculture Project No S349, agreement No 19-00-SOINV 05-000024.

REFERENCES

Appuhamy, JA.D.R.N., Judy, J.V., Kebreab, E. & Kononoff, P. J. 2016. Prediction of drinking
water intake by dairy cows. Journal of Dairy Science 99, 7191-7205.
doi.org/10.3168/jds.2016-10950

Arndt, C., Powell, JM., Aguerre, M.J.,, Crump, P.M. & Wattiaux, M.A. 2015. Feed conversion
efficiency in dairy cows. Repeatability, variation in digestion and metabolism of energy
and nitrogen, and ruminal methanogens. Journal of Dairy Science 98, 3938-3950.
doi.org/10.3168/jds.2014-8449

Berry, D. P. & Crowley, J.J. 2013. Genetics of feed effi ciency in dairy and beef cattle. Journal
of Animal Science 91, 1594-1613. doi:10.2527/jas2012-5862

Bijgaart, H. van den. 2003. Urea. New applications of mid-infra—red spectrometry. Bulletin of
the IDF, No. 383, pp. 5-15.

1461



Casamiglia, S., Feret, A., Reynolds, C.K., Krisensen, N.B. & van Vuuren, A.M. 2010
Strategies for optimizing nitrogen use by ruminants. Animal 4, 1184-1196.
doi:10.1017/S1751731110000911

Carral, S.M., DePeters, E.J., Taylor, S.J., Rosenberg, M., Perez-Monti, H. & Capps, V.A. 2006.
Milk composition of Holstein, Jersey and Brown Swiss cows in response to increasing
levels of dietary fat. Animal Feed Science and Tehnology, 131, 451-473.

Coffey, E.L., Delaby, L., Fitzgerald, S., Galvin, N., Pierce, K.M. & Horan, B. 2017. Effect of
stocking rate and animal genotype on dry matter intake, milk production, body weight,
and body condition scorein spring-calving, grass-fed dairy cows. Journal of Dairy Science
100, 7556-7568. doi.org/10.3168/jds.2017-12672

DeMarchi, M., Bittante, G., DalZotto, R., Dalvit, C., Cassandro, M. 2008. Effect of Holstein
Friesian and Brown swiss breeds on quality of milk and cheese. Journal of Dairy Science
91, 4092-4102

Ferris, C.P., Purcdl, P.J, Gordon, A.W., Larsen, T. & Vestergaard, M. 2018 Performance of
Holstein and Swedish-Red x Jersey/Holstein crossbred dairy cows within low- and
medium-concentrate grassland-based systems. Journal of Dairy Science 101, 7258-7273.
doi.org/10.3168/jds.2017-14107

Gruber, L. & Poetsch, E.M. 2012. Modelling the nitrogen exretion of dairy cows. Agricultural
research and Education Ventre, Raumberg — Gumpenstein, 8952 Irdning, Austria
http://www.seepastos.es/docs¥%20auxiliares/ A ctas¥20Reuniones¥20escaneadas/ Procee
dings/sessiong/Session%204/4.697.pdf Accessed 29.2.2012.

Guidelines for Dairy Cattle Milk Recording. 2017. ICAR International Committee for Animal
Recording. https://www.icar.org/Guidelines/02-Overview-Cattle-Milk-Recording.pdf
Accessed 20.12.2019.

Hutjens, M.F. 2005. Dairy Efficiency and Dry Matter Intake. Proceedings of the 7th Western
Dairy Management Conferenc, pp. 71-76.

Jonker, J.S., Kohn, R.A.& High, J 2002 Dairy herd management practices that impact nitrogen
utilization efficiency. Journal of Dairy Science 85(5), 1218-1226.

Joudu, 1., Henno, M., Kaart, T., Pussa, T. & Kart, O. 2008. The effect of milk protein contents
on the rennet coagulation properties of milk from individual dairy cows. International
Dairy Journal 18, 964-967.

Mackle, T.R., Parr, C.R., Stakelum, GK., Bryant, AM. & MacMillan, K.L. 1996. Feed
conversion efficiency, daily pasture intake, and milk production of primiparous Friesian
and Jersey cows calved at two different liveweights. New Zealand Journal of Agricultural
Research 39,3, 357-370. doi: 10.1080/00288233.1996.9513195

National Research Council NRC. 2001. Nutrient Requirements of Dairy Cattle: Seventh Revised
Edition, 2001. Washington, DC: The Nationa Academies Press. doi.org/10.17226/9825

Roche, J.R., Friggens, N.C., Kay, JK., Fisher, M.W., Stafford, K.J. & Berry, D.P. 2009. Body
condition score and its association with dairy cow productivity, health and welfare.
Journal of Dairy Science 92, 5769-5801. doi:10.3168/jds.2009-2431

Ruska, D., Jonkus, D. & Cielava, L. 2017. Monitoring of ammonium pollution from dairy cows
farm according of urea content in milk. Agronomy Research 15(2), 553-564.

Stradlen, W.M. 1995. Modedlling of nitrogen flow and excretion in dairy cows. Thesis.
Landbouw Universiteit Wageningen. ISBN 90-5485-475-8

Tamminga, S. 1992. Nutrition management of dairy cows as a contribution to pollution control.
Journal of Dairy Science 75, 345-357.

Weiss, B. 2015. Optimizing and Evaluating Dry Matter Intake of Dairy Cows. WCDS Advances
in Dairy Technology 27, 189-200.

Zhai, SW., Liu, JX., Wu, Y.M., Ye, JA. & XU, Y.N. 2006. Responses of milk urea nitrogen
content to dietary crude protein level and degradability in Lactating Holstein dairy cows.
Czech Journal Animal Science 51(12), 518-522.

1462



