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ABSTRACT:

Introduction. During decades, milk production in the department of Narifio has depended on the Holstein breed. For this
reason, it is necessary to evaluate a model of milk production that allows to decrease production costs and in turn improves the
compositional quality of the milk. Objective. This study aimed was to compare the monthly milk production, days in lactation
(DIM), and milk production per third of lactation of the F1 crossing of the Kiwi Cross (KC) and Holstein (HO) breeds, under
grazing conditions in the high tropics of the Narino department, Colombia. Materials and methods. Monthly milk production
in HO cows (n=30) and F1 (n=40) was measured by adjusting the DIM, milk production was also obtained by third of lactation,
fat, protein, and total solids. Results. Maximum production was higher for HO cows compared to KC (25.8+0.53 vs. 23.2+0.53 |
day!) (p<0.05). Production per third of lactation was higher (p<0.05) in the first third compared to the second and third periods
for both breeds study (HO: 13.640.56 vs.11.340.5723 and 9.940.47 | day !, and KC: 12.84+0.4505 vs. 10.6+0.66 and 9.5+1.69 |
day!). Fat was higher (p<0.05) in Kiwi Cross F1 crosses than in Holstein, at weeks one, three, and five (4+0.07, 4+0.07, 4+0.07
vs.3.640.12,3.6+0.11, 3.7+0.09 %, respectively); likewise, protein in weeks one and four was higher in the KC group compared to
HO (3.3+0.04 vs. 3.1+0.05 %; p<0.05). Total solids were 13.3+0.17 vs. 12.5+0.23 % (p<0.05) for F1 and HO cows, respectively
at weeks two and five. Conclusion. F1 and Holstein (HO) milk production was similar; however, KC improved the performance
in the compositional milk quality, increasing the percentages of fat, protein, and total solids.

KEYWORDS: animal performance, dairy cattle, lactation, milk yield.

RESUMEN:

Introduccién. Durante décadas la produccion de leche en el departamento de Narifio ha dependido de la raza Holstein. Por ello,
se hace necesario evaluar un modelo de produccién lechera que permita disminuir costos de produccién y a su vez mejore la calidad
composicional de la leche. Objetivo. El objetivo de este estudio fue comparar la produccién mensual de leche, dias en lactacion
(DIM) v la produccién de leche por tercio de lactancia del cruce F1 de las razas Kiwi Cross (KC) y Holstein (HO), en condiciones
de pastoreo en los trépicos altos del departamento de Narifio, Colombia. Material y métodos. La producciéon mensual de leche
en vacas HO (n=30) y F1 (n=40) se midi¢ ajustando la DIM, también se obtuvo la produccién de leche por tercio de la lactancia,
grasa, proteina y sdlidos totales. Resultados. La produccién méxima fue mayor para vacas HO comparado con KC (25,840,53 vs.

23,240,531 dfa™l). La produccién por tercio de lactancia fue mayor en el primer tercio comparado con el segundo y tercero (HO:

13,6+0,56 vs 11,3+0,5723 y 9,940,471 dia’l, y KC: 12,840,4505 vs 10,6+0,66 y 9,5+1,69 1 dia'l). La grasa fue mayor (p<0,05)
en los cruces F1 de Kiwi Cross que en Holstein, en las semanas uno, tres y cinco (4+0,07; 4+0,07; 4+0,07 vs 3,6+0,12; 3,6+0,11;
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3,740,09 %, respectivamente). La proteina en las semanas uno y cuatro fue mayor en el grupo KC frente a HO (3,34£0,04 vs
3,1£0,05 %; p<0,05). Sélidos totales fueron de 13,3+0,17 vs 12,5+0,23 % para las vacas F1 y HO, respectivamente, en las semanas
dosy cinco. Conclusién. La produccién de leche de la F1'y de Holstein (HO) fue similar; sin embargo, KC mejord el rendimiento
en la calidad composicional de la leche, y aumentd los porcentajes de grasa, proteina y sélidos totales.

PALABRAS CLAVE: rendimiento animal, ganado de leche, lactancia, produccién lechera.

INTRODUCTION

Developing and establishing an ideal animal model for milk production has been the premise for many
years. At the global level, there are two lines or trends in milk production. The first line, is the American
model, which mainly uses Holstein (HO) cows (Lucy, 2001), and the second is, milk production originating
from crosses between HO and Jersey (J), which are mostly found in New Zealand (Rowarth, 2013). The
Holstein cows of high genetic merit produce an average of 9,800 kg lactation™ (Heins et al., 2011) with milk
compositional quality, results of 4 % and 3.5 % of fat and protein, respectively (Prendiville et al., 2010). In
contrast, the mean production for cows in New Zealand is 4,317 kg lactation™ with compositional quality
values of 4.4 % and 3.7 % for fat and protein, respectively (LIC and DairyNz, 2016).

Since 1950 in the department of Narifio, Colombia, milk production has linked genetic contributions of
breeds such as Holstein, with nuclei of breeds as Norman, Jersey, and crosses between these. Furthermore,
Koeslag (1985) highlighted the milk production conditions in the department of Narifio, drawing attention
to the topography and hillside conditions of the Colombian high tropic, where land tenure and dairy
production systems are managed in smallholdings with an average production of 3.8 1 cow day. Already in

2009, Rosero et al. (2009) showed yields of 13.5 1 cow day”' (HO and J) and values for protein and fat of
3.06 and 3.61 % vs. 4.37, and 3.54 % for HO vs. J cows, respectively.

Over the years, livestock in Narifio has been bred mainly using the HO breed through the incorporation
of genetic material from other countries in which environmental, topographic, and productive conditions,
among others, are different. A study performed by Cerén et al. (2001) concluded that the connection of
the HO breed to typical Andean conditions produced yields in accordance with the regional environment.
Moreover, Mackle et al. (1996) explained variations in efficiency for the HO breed where these were less
efficient in converting grass units consumed in corrected fat, corrected solids, and solids in milk.

During the 1970s in New Zealand, when faced with production problems led by low food efficiency and
fertility manifested by their HO breed in milk production conditions, there was a need to balance production
with animal health. As a product of this need, crossings that included the Kiwi Cross breed were generated;
these were the result of crosses between HO x J, and allowed the improvement of their compositional milk
quality indexes (White et al., 2002; Rowarth, 2013; Buckley et al., 2014). In Colombia, as part of the search
for an animal biotype adapted to high tropical slope conditions, different crosses of HO x J and HO x Blanco-
Orejinegro have been evaluated and characterized, looking for more efficient animals in conversion rates
and with solids higher production (Bolivar et al., 2009; Caiias et al., 2009; Echeverri et al., 2011; Cardona-
Cifuentes et al., 2017).

As part of the validation and adaptation processes of milk production technology from New Zealand,
AGROSAVIA has been developing a dairy model in Narifio that is currently validating different
components. Among these, were find animal genetics, where an absorbent crossing between Holstein and
Kiwi Cross (KC) was carried out. In this context, the aim of this study was to compare the monthly milk
production, day in milk (DIM) and milk production per third of lactation of the F1 of the Kiwi Cross (KC)
and Holstein (HO) cross under grazing conditions in the high tropics in the Narifio department, Colombia.
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MATERIALS AND METHODS

The study was conducted at the Obonuco Research Center of the Corporacién Colombiana de Investigacién
Agropecuaria (AGROSAVIA), located in the Narifio department, Colombia, at an altitude of 2858 m.a.s.l.,
with a mean daily temperature of 13 °C and a mean annual precipitation of 800 mm.

Management and food type

Cows under production were maintained under grazing conditions, and no concentrate feed was
administered. Grazing for all animals included Raigras Samson, Sterling, Ohao and One 50 (Lolium
multiflorum), clover (Trifolium repens), and kikuyo (Cenchrus clandestinum); moreover, water and
mineralized salt were given ad libitum.

Milk production

Clinically healthy multiparous cows of the Holstein (HO) breed (n=30) and primiparous cows of the filial
one, of the absorbent crossover (proportion 50 %) between HO x Kiwi Cross (KC) (n=40) were used in
different lactation thirds, with a mean weight of 535410 vs. 490420 kg, respectively. Milk production was
analyzed considering the month, the days and the third of lactation. 9809 records of daily milk production
were analyzed between October 2016 and May 2017. During this period, individual productions were
collected daily by reading the meters attached to the milking system (WB Mini-Test®, Tru-Test). The DIM
was adjusted to 240 days, because the animals of the KC group with the longest milking time reached day
250 of lactation; additionally, the comparisons between the HO and KC groups were made every 30 days.

Compositional milk quality

Milk samples were collected individually with an interval of one week in five consecutive weeks; for each
sample, 60 ml of milk was collected and later sent to the milk quality laboratory. Samples were tempered
at 39 °C in a thermostated bath, where 5 ml of milk collected was homogenized for 3 minutes; then, by
infrared spectroscopy, the percentage of fat, protein, and total solids was established (MilkoScan FOSS
FT120°). Results were obtained in a lapse of 10 minutes. Sample management, equipment operation, and
reagent preparation were carried out following the instructions of the manufacturers and using standardized
laboratory methods (AOAC, 1990).

Statistical analysis

For the analysis of monthly milk production per cow, data from October, November, and December 2016
were excluded, because of the small number of animals in the KC group.

Normal distribution of the production variables and compositional quality of the milk was established
using the Kolmogorov-Smirnov and Shapiro-Wilk tests, respectively. The maximum and minimum
production per cow per day were analyzed using analysis of variance (ANOVA) with PROC GLM procedure
(SAS, Version 9.4). Differences were considered significant when p<0.05 with DIM. Milk production
according to the third of lactation and compositional quality of milk were analyzed using measures repeated
over time with PROC MIXED procedure (SAS, Version 9.4). The respective equation models are showed:

Yip=p+A;+B(d);+ C + ACy, + ey 5 in which Yy, = DIM, p = overall mean, 4; = Effect of group i,
B(A); = effect of animal j under condition i, C; = effect of day k, 4Cy, = effect of group x day interaction
and ¢;;, = residual.

Y =u +A; + B(A); + Ck + ACik + ¢;3 ; in which Y3 = Production by third of lactation (L), p = overall
mean, 4 ;= Effect of group i, B(4 )l] = effect of animal j under condition i, C; = effect of third of lactation
k, ACy = effect of group x third of lactation interaction and ¢;3 = residual.
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Yijk = u + A; + B(4);j + Cp + ACy, + e s in which Y = Fat, protein or total solids , # = overall mean,
A; = Effect of group i, B(4);; = effect of animal j under condition i, C; = effect of week k, ACj = effect of
group x week interaction and ¢;3 = residual.

RESULTS

Monthly milk production per cow
No significant statistical difference was observed (p<0.05) when monthly milk production was compared

per cow (Table 1). Similarly, was found that the KC cows from their lowest to their best production increased
in 68 1, being higher than the increase shown by the HO breed, which was 57 1. When establishing a parallel
between the maximum productions within the breeds studied, it was higher (p<0.05) in the HO group (25.8

+0.53vs.23.2 £0.53 1 day™).

TABLE 1

Comparison of milk production per cow per month (mean + SEM) and daily maximum and minimum
values per crossbreed component (group). Pasto, Narifo State, Colombia. October 2016 - May, 2017.

Milk production

Maximum and minimum

Month N Group I cow? Group Max Min

month?
January 15 KC! 278+30 °
40 HO 319+18*

KC 23.2+0.53"* 3.6%+0.57°
February 19 KC 323+27 °
29 HO 263+21 2
March 23 KC 339+£25°
32 HO 284+20 =
April 35 KC 311+£20°

30 HO 290+21 ® HO 25.8+£0.53° 3+0.57°
May 40 KC 27119 °*
30 HO 262+21 ®

=b Different letters between columns indicate a significant statistical difference (p<0.05) /
=b Diferentes letras entre columnas indican una diferencia estadistica significativa (p<0,05).
! KC: absorbent cross of Holstein x Kiwi Cross; HO: Holstein / ' KC: cruce absorbente de
Hostein x Kiwi Cross; HO: Holstein.

Cuadro 1. Comparacién de la produccién de leche por vaca por mes (promedio + EE), valores de produccién diaria

minima y mdxima diferenciados por grupo racial. Pasto, Estado de Narifio, Colombia. Octubre 2016 - mayo, 2017.

Day in milk (DIM)

Milk production was influenced by days in lactation (p<0.001). Also, was observed that the HO group
extended until its 60th day its production peak, being higher than the one of the KC cows; later, the two

breed groups showed a decreasing behavior in milk production (Figure 1).
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FIGURE 1
Milk production per cow per day (mean + SEM) for the HO (n=30, o) and
KC (n=40, #) groups. Effect due to group (G), lactation day (DL) and G*DL

interaction are shown. Pasto, Narino State, Colombia. October 2016 - May, 2017.
Figura 1. Se muestra la produccién de leche por vaca por dia (promedio + EE) para los grupos HO (n=30, ¢) y KC (n=40, #).
Efecto de grupo (G), dia de lactacién (DL) e interaccién G*DL. Pasto, Estado de Narifio, Colombia. Octubre 2016 - mayo, 2017.

Milk production according to the third of lactation

There was an effect of the third of lactation on milk production (p<0.0001). The mean milk production per
day of a cow was higher (p<0.05) in the first third of lactation in the HO group (13.64+0.56 vs. 11.3+0.5723,
and 9.9+0.47 1). A similar performance was observed in the group of KC cows, where the values for the first
third in relation to the second and third periods were 12.8+0.4505 vs. 10.6+0.66 and 9.5+ 1.69 |, respectively

(Figure 2).
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Milk production per cow (mean + SEM) for the HO (black bar; n=30) and KC (white bar; n=40)
groups. Effect of group (G), third of lactation (T) and G*T interaction are shown. (#) indicates
significant differences within each group (p<0.05). Different letters in each bar indicate significant

T
2nd

Third of lactation

FIGURE 2

3rd

differences (p<0.05) for the third of lactation. Pasto, Narifio State, Colombia. October 2016 - May, 2017.

Figura 2. Produccién de leche por vaca (promedio + EE) para los grupos HO (barra negra; n=30) y KC (barra
blanca; n=40). Efecto de grupo (G), tercio de lactacién (T) e interaccién G*T son mostrados. (#) Indica diferencia
estadistica significativa dentro de cada grupo (p<0,05). Letras diferentes en cada barra indican diferencia estadistica

significativa para el tercio de lactancia (p<0.05). Pasto, Estado de Narifio, Colombia. Octubre 2016 - mayo, 2017.

Compositional quality of milk

The variables fat, protein, and total solids were evaluated for five weeks, period in which the effect of the
group was observed (p<0.0001). Fat percentage values are shows in Figure 3A, being higher (p<0.05) in week
one, three, and five in the KC group compared to the HO group (4+0.07, 4+0.07, 4+0.07 vs. 3.640.12,
3.640.11, 3.7+0.09 %, respectively). Between week one and four, the percentage of protein in milk showed
to be higher (p<0.05) in the group constituted by KC cows (3.3+0.04 vs. 3.1+0.05 %) (Figure 3B). The total
solids showed higher values (p<0.05) between week two and five, where the observed average was 13.3+0.17
vs. 12.540.023 % for KC and HO cows, respectively (Figure 3C).
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Mean + SEM values for fat (A), protein (B) and total solids in groups HO (n =30, e) and
KC (n =40, O). Probabilities for the effects of group (G), week (S) and G*S interaction

are shown. (*) shows significant differences (p<0.05) among groups. (

**) indicate significant

differences (p< 0.0001) among groups. Pasto, Narifio State, Colombia. April - May, 2017.
Figura 3. Promedio * EE de grasa (A), proteina (B) y sélidos totales en los grupos HO (n=30, ¢) y KC
(n=40, O). Probabilidades para los efectos de grupo (G), semana (S) e interaccién G*S son mostrados.
(*) Indica diferencia estadistica significativa (p<0,05) entre los grupos. (***) indica diferencia estadistica
significativa entre los grupos (p<0,0001). Pasto, Estado de Narifio, Colombia. Abril - mayo, 2017.

DiscussioN

No differences in monthly production between HO and KC was observed, one aspect of high relevance was
the change in production of 68 | from the lowest value measured in May for KC. Results reported by LIC
and DairyNZ (2016), showed that New Zealand Holstein cows produce more monthly milk than the KC
crossings, with monthly averages of 480 vs. 4501 cow |, respectively. These differences are probably explained
due to the deficient genetic merit found in the KC cows of this study (Kennedy et al., 2003). Furthermore,

a study conducted by Echeverri et al. (2011) revealed average yields of 447 and 396 | cow! month-1 for the
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HO vs. F1 of a crossing between HO x J, respectively. These are higher results when compared with the mean
production of the present study for the KC group of 304 | cow™ month™ and can be due to the feeding (i.c.
concentrates) that was given to cows. Under grazing conditions accompanied by concentrate administration,
the productive efficiency of the F1 crossing between J x HO showed an improvement in milk quality but
not in volume in liters per cow (Prendiville et al., 2009). In this study, no differences were observed in the
monthly milk production and considering that the two groups were under the same management conditions
and without concentrate supplementation, the results show that the KC group responds better. Another
factor that could explain the monthly production could be influenced by the days in lactation of the KC
group.

The study compared milk production adjusted to 240 days, where the production peak was at 60 and 30
days for the HO and KC groups, respectively, with a slight recovery at day 180 for both. In another study,
realized by Prendiville et al. (2010), compared milk production for HO, ] and the F1 crossing between J x
HO, it shows that the production peak in these three breeds occurred between weeks five and eight, that
is, at day 38 of lactation. However, production reduced gradually without recovery in the following days.
According to Ferris et al. (2016), the behavior of the lactation peak attends to the low intake demonstrated
for genetic crossings during the initial lactation phase, which in the present case was found in the KC group.

A behavior that highlights good milk production during the DIM was persistence and was defined as the
ability of the cow to maintain milk production after the lactation peak (Mohanty et al.,, 2017). According
to that, milk production after the peak of lactation was not constant, probably attributed to weak genetic

contribution (Mohanty et al., 2017). The maximum value was 15 1 cow™ day™ and the minimum amount was
101 cow’! day'1 resulting in a difference of 5 1 cow’! day'l. In the case of the KC group, the results were 141

cow day " at the peak of lactation and 8 | cow-1 day ™ at the minimum production, comprising first lactation
cows. In a study with HO cows highlighted an effect of the number of lactations in milk production, Ray

et al. (1992) were observed differences of 4 | cow™ day™ between the first and the second lactation and S 1
cow'day ! between the first and third lactations. In the present study, the difference between the groups was

11cow! day'1 at the peak of lactation. In addition to the number of lactations, various works have shown
an effect of the number of milkings on milk production throughout lactation (Prendiville et al., 2009, 2010,
2011; Lembeye et al., 2016). In this sense, Lembeye et al. (2016) show an interesting result for the ] x HO
cows that were milked once a day, concluding that this crossing was probably better adapted to feed under
grazing conditions. In this study, the number of milkings was not evaluated, but in this survey the KC group
responded similarly to the HO group in terms of milk production throughout lactation.

Nonetheless, incorporating a new genetic crossing in a region requires an extensive analysis of the product
information and adaptation to conditions in the area. Therefore, the effect of the third of lactation on milk
production for HO and KC groups were evaluated, and it did not reveal different results among racial groups.
However, the third of lactation influenced production within each race. In both groups a decreasing pattern
was observed in milk production; for the case of the HO group the difference between the third and the

first third of lactation was 3.7 | cow™ day'l; while, in the KC group this difference was 3.3 1 cow’! day'l.
This comparison between the third and the first third of lactation in high production HO cows revealed
differences of 251 cow™ day™ comprisinga 50 % drop in milk production (Hale et al., 2003). Recent research
has shown that milk production, considering the third of lactation was influenced by the diet administered
to the animals, finding that under grazing conditions, cows produced more total solids. Additionally, the
administration of concentrate had a better effect during the final third of the lactation period (O’Callaghan
etal., 2016; Shortall et al., 2017).

During decades, animal performance related to milk production has been forged over genetic selection
seeking to respond to the growing product demand, and according to Rojas-Downing et al. (2017), this
demand to be doubled by 2050. However, along with an increase in milk production, an intensification
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in animal health problems has occurred, especially regarding metabolic alterations that significantly affect
animal reproduction (Buckley et al., 2014). To counteract these difficulties exhibited by the cows, recent
research studies have begun to study the productive and reproductive behavior of ] x HO crosses. The results
showed that a decrease in production volume is balanced by an increase in the improvement of solids in milk
and fertility (Rowarth, 2013; Buckley et al., 2014; Coffey et al,, 2016). Considering the above mentioned, in
this study an increase in the compositional quality of milk was confirmed for the group KC vs. HO, where
the average of the five weeks for fat, protein, and total solids values was 4+0.08 vs. 3.68+0.11 %; 3.37+0.04 vs.
3.14£0.05 %, and 13.3340.17 vs. 12.56+0.23, respectively. This demonstrates a marked effect of the crossing
used.
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