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ABSTRACT

Objective: The aim of the present study was to evaluate the effect of the temperature-humidity index (THI),
the content of neutral detergent fiber (NDF), and rumination rate (RR) on milk production in Holstein cows in
a dairy farm located in Bajio de San José, Jalisco, Mexico.

Design/methodology/approach: The THI is an indicator of the effect of the environmental climate can have
on milk production, and likewise the nutritional content of forage is affected by weather conditions, such as the
NDF is related with rumination activity of cows; increasing THI has shown a direct effect on milk production
in cows. The HealthyCow 24® CSR remote equipment was used (SCR Engineers Ltd., Netanya, Israel), to
monitor rumination, from a total registry of 284 cows with 2, 3, and 4 lactations distributed between August
and December 2020 period, analyzing the NDF content from total mixed portion and monitoring the THI.
Results: The results showed there was no effect of THI on milk production (p>0.05), despite having reached
a THI score of 76, while NDF (p<0.05) and RR (p<0.001) affected milk production; an effect of THI on RR
(p>0.05) was not found, and the NDF only had a trend (p<0.1).

Limitations on study/implications: There were no limitations for the study.

Findings/conclusions: According to the results obtained, the THI threshold should be reconsidered according
to the resistance of the productively active cattle on dairy farms.

Keywords: Climate adaptation, degradability, heat stress.

INTRODUCTION

The temperature-humidity index (THI) is an indicator of the effect that the
environmental climate can have on milk production. Cowley et al. (2015) mention that
the impact of the heat stress (GS) has two causes: reduction of consumption and metabolic
and physiological effects. Because of the decrease in consumption, low milk production of
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between 25-40% has been seen (Tao et al., 2018). Collier et al. (2012) indicated that the THI
threshold should be reconsidered, because of multiple results where thresholds of GS have
been found at a lower scale than a THI of 72.

Increasing the Neutral Detergent Fiber (NDF) has been seen to improve the digestion
of some nutrients such as starch. Dann et al. (2015) found similar milk productions (51.6
vs 50.5 kg of milk) when increasing the NDF from non-forage sources (34.7 vs 38.0%),
similar to what is reported by Ranathunga et al. (2018) who increased non-forage
NDF and did not have an increase in milk production (+2.1%). Naderi et al. (2016)
reported that by substituting 12% of the sources of non-fodder fiber in place of the corn
silage there were higher milk productions even under conditions of CS (+6.27%). The
physically effective NDF is the fraction of fiber that stimulates chewing and contributes
to the floating bed of long particles in the rumen (White et al., 2017). Milk production
has been associated with the rumination time, which has been associated with cows
of higher milk production having a higher consumption and therefore needing more
rumination time (Stone et al., 2017). Salfer et al. (2018) mention that, in general,
consumption, rumination and ruminal pH follow a daily pattern that was minimally
modified by the type of fiber and carbohydrates. The cows use more time in rumination
throughout the entire day when there is a higher concentration of NDF. Byskov et al.
(2015) found an increase of 22 min of rumination time for every kg of NDF of forage
consumed.

The CSR Heatime® HR system, in addition to being commonly used for reproductive
programs (Burnett e al., 2017; LeRoy et al., 2018), has proven to have high sensitivity
to detect changes in the activity and the rumination before the evident clinical signs
of a disease such as displacement of abomasum, as well as metabolic and digestive
disorders; this results in the early identification of it (Stangaferro et al., 2016). Due
to the variability of response of milk production in the presence of changes in THI,
NDF and rumination that have been found, the objective of this study was to evaluate
the effect of THI, NDF and the rumination rate (RR) on milk production, as well as
evaluating the effect of THI and NDF on the RR in Holstein cows in a stable located in

Bajio de San José, Jalisco.

MATERIALS AND METHODS
Study area
The study was developed in a stable of the locality of Bajio de San Jose, municipality of

Encarnacién de Diaz, Jalisco, Mexico.

Distribution of cows for the study

To record the information, there were cows of second, third and fourth lactation that
had normal births, and in addition the cows had to be in a range between 21 and 306
days in milking (DIM), in each period of reading. The DairyComp305® system (DC305;
Valley Ag Software, Tulare, CA) was used to identify the number of lactation and the
days in milking (DIM) of the animals in each registry date of milk production when it

was done. Monitoring was carried out during the period from the month of August to
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the month of December, 2020, adjusting the milk records based on the activities of the
ranch to avoid interfering with the management, obtaining a total of 284 records of milk
weighing distributed in the dates: August 06 and 28, September 16, October 06 and 21,
November 13, and December 18 of the year 2020.

Monitoring of the Temperature-Humidity Index

To estimate the THI, first the temperature and the humidity were measured manually
within the farmyards, with a digital thermometer with relative humidity sensor brand
Radioshack®, model 80904, with electrical characteristics of the temperature sensor: 10
K (—=2%) Ohms, 3435 K. The readings were carried out at 15:00 hours (Cerqueira et al.,
2016) in the same dates when the records of milk production were obtained. The equation
of the Temperature and Humidity Index equation by Dikmen and Hansen (2009) was
used.

THI =(1.8%T +32)—[(0.55-0.0055* RH) *(1.8% T —26)]

Where 7'is the temperature expressed in Celsius degrees and RH is the Relative Humidity
expressed in percentage; these records were noted in a database with an Excel ® spreadsheet.

Rumination activity

To monitor the rumination activity, the remote equipment HealthyCow 24® CSR
(SCR Engineers Ltd., Netanya, Isracl) was used. The SCR Company programmed the
software of the HC24 system to automatically download a back-up in Excel® format of the
rumination monitoring each day. Every day throughout the monitoring period, considering
the rumination reading that closes at 23:00 hours, it was used as the rumination rate in 24

hours (RR) for the purpose of mathematical analysis (Stangaferro ez al. 2016).

Milk production

The milk production for each cow was recorded manually and individually with the
SCR Milking Control System (SCR Engineers Ltd., Netanya, Israel) in each of the dates
mentioned before.

Sampling of total mixed portions

Samples were collected from the total mixed portions in the day of the record of milk
production directly from the manger; five portions of approximately 500 g were taken
along the manger in equidistant form from the recently served manger, and then, mixing

the five portions and from there taking a single sample of 1 kg.

Bromatological analysis

The dry matter, protein, ethereal extract and ashes were determined according to the
AOAC (1990) method; the neutral detergent fiber was determined with the technique by
Van Soest et al. (1991).
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Statistical analysis

For the analysis of the effects of the variables THI, rumination and NDF on milk
production, a multiple linear regression model was used, where the dependent variable
Y=milk production and the three independent variables, X;=THI, Xo=NDF and

X3=Rumination, were considered under model 1:
Model 1: Y; = B, + B, X, + B, X, + B X5 +¢;

Where, “B” 0=Factor of initial adjustment, “B” 1=Coefficient of the THI effect, “B”
2=Coefficient of the NDF effect, “” 3=Coefficient of the Rumination effect.

The assumptions of the model were tested making adjustments to the dependency of
errors through the Cochrane-Orcutt method.

For the analysis of the effects of the variables THI and NDF on the Rumination, a
multiple linear regression model was used, where the dependent variable Y=Rumination
and the two independent variables, X;=THI and X9o=NDF were considered, under
model 2:

Model 2: Y; = B, + B, X, + B, X, +¢;

Where, “B” 0=TFactor of initial adjustment, “B” 1=Coefficient of the THI effect, “B”
2=Coefficient of the NDF effect.

An adjustment to model 2 was conducted through the transformation of the dependent
variable by the Box-Cox technique, with a transformation factor 2.476736, to fulfill the
assumption of normality of residuals.

All the statistical analyses were carried out with the R-Studio version 2022.03.3 system.

RESULTS AND DISCUSSION
Temperature and Humidity Index

During the monitoring period, fluctuating values of THI were found between 68 and
76 (Figure 1). The average milk production found when the THI was 76 that was recorded
twice under an average of 3.1 Kg milk/day compared to the average that was obtained when
the THI was 68 in the date of August; although within the August period the average milk
production decreased by 6.21%, by the months of September and October the productions
were maintained compared to the end of August, without altering them, although the THI
decreased to 72 and then increased again to 76 at the end of October (p>0.053).

Neutral Detergent Fiber

The percentage ranges of NDF in total mixed portions were between 25.2% and 35.6%
(Figure 2), where a significant negative effect of the NDF content on milk production was
found of up to —19.5% (p<0.05); the drastic increase of the NDF recorded in the month

of November was because of an imbalance of ingredients found per week.
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Figure 1. Variations of the Temperature and Humidity Index (THI) by date and average milk production (Kg),
of cows with 2, 3 and 4 lactations, from August to December 2020, Bajio de San José, Jalisco.
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Figure 2. Variations of the content of Neutral Detergent Fiber (NDF) in the total mixed portions by date and
average milk production (Kg) of cows with 2, 3 and 4 lactations, from August to December 2020, Bajio de San
José, Jalisco.

Ruminant activity

The average RR of animals for each period had a range between 511 and 582/24 hr
(Figure 3); the RR had a highly significant positive effect on milk production (p<0.001),
although the RR was affected with lower significance due to the NDI* (p<0.10) content,
and the THI did not have a significant effect on the RR (p>0.053).

Temperature and Humidity Index

Results from this study indicate that milk production was maintained despite reaching
THI of 76, compared to what was found by Cerqueira et al. (2016) and Perano et al.
(2015) where production decreased when reaching a THI of 78 and 80.7, respectively,
which in the case of Perano et al. (2015) found a decrease of milk production in heifers
of up to 11.2% when reaching a THI of 80.7 if management to attenuate CS was not
given. On the one hand, it is possible that the increase in THI in this study is due to an
increase of food efficiency as mentioned by Hill and Wall (2017) when cows went through
a medium CS, although Gao et al. (2017) reported that even if the apparent digestibility of
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Figure 3. Variations of the average Ruminant Rate (RR) and the average milk production (Kg) of cows with 2,
3 and 4 lactations, from August to December 2020, Bajio de San José, Jalisco.

dry matter, organic matter, neutral detergent fiber, acid detergent fiber, raw protein, and
ethereal extract increased when reaching a THI of 84.3, there was a decrease of 17% of
milk production. On the other hand, it is necessary to consider that animals could modify
the behavior to mitigate the effect of the increase in THI when it was =72, as was found
by Hut et al. (2022), decreasing the time of lying down and increasing the time of standing
without activity; above all, the possibility should be considered that the animals have a

genetic tolerance to caloric stress (Jensen et al., 2022).

Neutral Detergent Fiber

The negative effect of NDI on milk production dismisses the possibility that it could
help to improve the digestibility of certain nutrients as mentioned by Dann ez al. (2015); it is
possible that the effect from factors such as plant maturity has been negative, as mentioned
by Alstrup et al. (2016), which would be explained by the lack of digestibility of NDF
suggested by Fustini ez al. (2017) and Hristov et al. (2019), since it would have avoided the
decrease in milk production when there was an increase of NDF, or else having used source
of non-fodder NDF that could compensate the milk production, as done by Naderi ¢t al.
(2016) and Saylor ¢t al. (2018).

Rumination

The positive effect of the RR on milk production is possibly more related to a higher
consumption of the animal, as mentioned by Stone et al. (2017), and as a daily pattern of
rumination that was minimally altered by the type of NDF (Salfer ez al., 2018), since the
NDF content barely showed a significant trend (p<0.1) on the RR, different from what
was found by Byskov ez al. (2015).

In this study the RR was not affected by the THI, as was found by Miischner-Siemens
et al. (2020) and Hut et al. (2021), where they report that rumination begins to decrease
from a THI =52 and 72, respectively, depending on the type of climate that prevails in the
region, which would be justified with a possible adaptation of the animal to the climate as
suggested by Jensen et al. (2022).
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CONCLUSIONS

Monitoring of rumination through automatized systems helps to evaluate punctually
the factors that could impact milk production and the health of cows, since under the
conditions of this study the NDF content did not have an effect on the RR. Although it did
affect negatively the milk production, it is also clear that the resistance of the cattle in the
presence of variations of THI in microenvironments should be reconsidered by regions,
since the cattle could develop tolerance and that quality ought to be a filter for the selection
of new replacements, since the livestock showed certain resistance maintaining productive

stability.

ACKNOWLEDGEMENTS

The authors wish to thank CONACY'T for the study’s financing through the national scholarship number
766226.

REFERENCES

Alstrup, L., K. Seegaard, M.R. Weisbjerg. 2016. Effects of maturity and harvest season of grass-clover silage
and of forage-to-concentrate ratio on milk production of dairy cows. J. Dairy Sci. 99:328-340.

AOAC. 1990. Official Methods of Analysis. Vol. 1. 15th ed. Association of Official Analytical Chemists,
Arlington, VA.

Burnett, T.A., AM.L. Madureira, B.F. Silper, A.C.C. Fernandes, & R.L.A. Cerri. 2017. Integrating an
automated activity monitor into an artificial insemination program and the associated risk factors
affecting reproductive performance of dairy cows. J. Dairy Sei. 100:5005-5018.

Byskov, M.V.; E. Nadeau, B.E.O. Johansson, & P. Nergaard. 2015. Variations in automatically recorded
time as explained by variations in intake of dietary fractions and milk production, and between-cow
variation. /. Dairy Sci. 98:3926-3937.

Cerqueira, J.O.L., J.P.P. Araujo, I. Blanco-Penedo, J. Cantalapiedra, A.M.D. Silvestre y S.J.C.R. Silva. 2016.
Prediccién de estrés térmico en vacas lecheras mediante indicadores ambientales y fisioldgicos. Arch.
Zootec. 65 (251): 357-364.

Collier, R. J., L. W. Hall, S. Rungruang, & R. B. Zimbleman. 2012. Quantifying heat stress and its impact
on metabolism and performance. Pages 74-84 in Proc. 23" Annual Florida Ruminant Nutrition
Symposium, Gainesville. University of Florida, Gainesville.

Cowley, F.C., D.G. Barber, A.V. Houlihan, & D.P. Poppi. 2015. Immediate and residual effects of heat stress
and restricted intake on milk protein and casein composition and energy metabolism. J. Dairy Sci.
98:2356-2368.

Dann, HM., S.M. Fredin, K.W. Cotanch, R.J. Grant, C. Kokko, P. Ji, & K. Fujita. 2015. Effects of corn-based
reduced-starch diets using alternative carbohydrate sources on performance of lactating Holstein cows.
J- Dairy Sci. 98:4041-4054.

Dikmen, S., & P. J. Hansen. 2009. Is the temperature-humidity index the best indicator of heat stress in
lactating dairy cows in a subtropical environment? J. Dairy Sci. 92:109-116.

Fustini, M., A. Palmonari, G. Canestrari, E. Bonfante, L. Mammi, M.'T. Pacchioli, G.C.J. Sniffen, R,J. Grant,
K.W. Cotanch, & A. Formigoni. 2017. Effect of undigested neutral detergent fiber content of alfalfa
hay on lactating dairy cows: Feeding behavior, fiber digestibility, lactation performance. J. Dairy Sci.
100:4475-4483.

Gao, S.T., J. Guo, S.Y. Quan, X.M. Nan, M.V. Sanz Fernandez, L.H. Baumgard, & D.P. Bu. 2017. The effects
of heat stress on protein metabolism in lactating Holstein cows. J. Dairy Sci. 100:5040-5049.

Hill, D.L., & E. Wall. 2017. Weather influences feed intake and feed effiency in a temperate climate. /. Dairy
Sci. 100:2240-2257.

Hristov, A.N., M.'T. Harper, G. Roth, C. Canale, P. Huhtanen, T.L. Richard, & K. DiMarco. 2019. Effect of
ensiling time on corn silage neutral detergent fiber degradability and relationship between laboratory
fiber analyses and in vivo digestibility. /. Dairy Sci. https://doi.org/10.3168/jds.2019-16917.

Hut, P. R,, J. Scheurwater, M. Nielen, J. van den Broek, and M. M. Hostens. 2022. Heat stress in a temperate
climate leads to adapted sensor-based behavioral patterns of dairy cows. /. Dairy Sci. 'TBC:6909-6922.
https://doi.org/10.3168/jds.2021-21756.


https://doi.org/10.3168/jds.2021-21756

AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v15i4.2447 94

Jensen, L. M., E. A. Jannaman, J. E. Pryce, A. De Vries, and P. J. Hansen. 2022. Effectiveness of the Australian
breeding value for heat tolerance at discriminating responses of lactating Holstein cows to heat stress.
J- Dairy Sci. 105:7820-7828. https://doi.org/10.3168/jds.2021-21741

LeRoy, C.N.S.,J.S. Walton, & S,J. LeBlanc. 2018. Estrous detection intensity and accuracy and optimal timing
of insemination with automated activity monitors for dairy cows. J. Dairy Sci. 101:1638-1647.

Miischner-Siemens, T., G. Hoffmann, C. Ammon, and T. Amon. 2020. Daily rumination time of lactating
dairy cows under heat stress conditions. J. Therm. Biol. 88:102484. https://doi.org/10.1016/].
jtherbio.2019.102484.

Naderi, N., G.R. Ghorbani, A. Sadeghi-Sefidmazgi, S.M. Nasrollahi, and K.A. Beauchemin. 2016. Shredded
beet pulp substituted for corn silage in diets fed to dairy cows under ambient heat stress: Feed intake,
total-track digestibility, plasma metabolites, & milk production. /. Dairy Sci. 99: 8847-8857.

Perano, K.M., J.G.Usack, L.T. Angenent, & K.G. Gebremedhin. 2015. Production and physiological responses
of heat-stressed lactating dairy cattle to conductive cooling. J. Dairy Sci. 98:5252-5261.

Ranathunga, S.D., K.F. Kalscheur, J.L. Anderson, & K J. Herrick. 2018. Production of dairy cows fed distillers
dried grains with solubles in low- and high-forages diets. /. Dairy Sci. 101:10886-10898.

Salfer, I.J., M.C. Morelli, Y. Ying, M.S. Allen, & K J. Harvatine. 2018. The effects of source and concentration
of dietary fiber, starch, and fatty acids on the daily patterns of feed intake, rumination, and rumen pH,
in dairy cows. J. Dairy Sei. 101:10911-10921.

Saylor, B.A., D.H. Min, & B.J. Bradford. 2018. Productivity of lactating dairy cows fed diets with teff hay as
the sole forage. J. Dairy Sci. 101:5984-5990.

Stangaferro, M.L., R. Wijma, L.S. Caixeta, M.A. Al-Abri, & J.O. Giordano. 2016. Use of rumination and
activity monitoring for the identification of dairy cows with health disorders: Part I. Metabolic and
digestive disorders. J. Dairy Sci. 99:7395-7410.

Stone, A.E., BW. Jones, C.A. Becker, & J.M. Bewley. 2017. Influence of breed, milk yield, and temperature-
humidity indexo n dairy cow lying time, neck activity, reticulorumen temperature, and rumination
behavior. /. Dairy Sei. 100:2395-2403.

Tao, S., RM. Orellana, X. Weng, T.N. Marins, G.E. Dahl, & J.K. Bernard. 2018. Symposium review: The
influences of heat stress on bovine mammary gland function. J. Dairy Sci. 101:5642-5654.

Van Soest, P. J., J. B. Robertson, & B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber and
non-starch polysaccharide in relation to animal nutrition. J. Dairy Sci. 74:3583-3597.

White, R.R., M.B. Hall, J.L. Firkins, & P,J. Kononoff. 2017. Physically adjusted neutral detergent fiber system
for lactating dairy cows rations. I: Deriving equations that identify factors that influence effectiveness

fiber. /. Dairy Sci. 100:9551-9568.


https://doi.org/10.3168/jds.2021-21741

	_GoBack
	_Hlk136101071
	_Hlk113284747
	_Hlk134388286
	_Hlk135067204
	_Hlk134964264
	_Hlk137024181
	_Hlk116043970
	_Ref120553549
	_Hlk121981576
	_Hlk135680703
	_Hlk135679492
	_Hlk135646277
	_Hlk135670744
	_Hlk133831768

