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ABSTRACT:

Gelis / Received: This study aimed to determine the effect of milk fatty acid composition, breed, and pregnancy status on total milk fat in
dairy cows. The study was conducted with a total of 400 milk samples collected form healthy Holstein and Simmental
cows. Milk samples were collected for total milk fat and fatty acid analysis. To investigate the effects of milk fatty acids,
breed and pregnancy status on total milk fat, multiple linear regression analysis was performed. As a result of the analysis,
breed, pregnancy status, C11:0, C14:0, C18:0, C18:1 ®9 and C18:3 w6 were found to be statistically significant (p<0.05),
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25 Mart 23 while the C18:3 3 was nearly significant (p=0.069) on total milk fat. Also, Holstein cows, C11:0 and C18:0 were found
25 March 23 to have a positive effect, while pregnant cows, C14:0, C18:1 ©9, C18:3 ®3, and C18:3 w6 had a negative effect on total
Kabul / Accepted: milk fat. The multiple explanatory coefficient of the regression model (R2) was 0.238. In the light of all these findings, it
28 Mart 23 was thought that the established regression model was sufficient to determine the variables that affect total milk fat.
28 March 23 Moreover, it is suggested that the regression model can be improved further by adding different variables in future studies.
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Milk fatty acids karakterlerin ¢coklu dogrusal regresyon ile belirlenmesi
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Anahtar Sozcukler:

Siit s1g1r1 Bu galigma, siit ineklerinde siit yag asitleri, irk ve gebelik durumunun toplam siit yagina etkisini incelemeyi amaglamstir.
Siit yagi Calisma saglikli Holstayn ve Simental ineklerden toplanan toplam 400 adet siit 6rnegi ile yiiriitillmistiir. Stt drnekleri,

toplam siit yag1 ve yag asidi analizi igin toplanmustir. Siit yag asitlerinin, irkin ve gebelik durumunun toplam siit yagi

Siit yag asitleri
Hyas tizerindeki etkilerini arastirmak igin ¢oklu dogrusal regresyon analizi yapilmistir. Analiz sonucunda toplam siit yagi

Gebelik Uzerine 1rk, gebelik durumu, C11:0, C14:0, C18:0, C18:1 ®9 ve C18:3 w6 istatistiksel olarak anlamli bulunurken (p<0,05),
Regresyon C18:3 ®3 neredeyse anlamlryd: (p=0,069). Ayrica, toplam siit yag: lizerine Holstayn inekler, C11:0 ve C18:0 pozitif bir

etkiye sahip bulunmusken, gebe inekler, C14:0, C18:1 ©9, C18:3 w3 ve C18:3 w6 negatif bir etkiye sahipti. Regresyon
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1. Introduction

Milk is an important animal product because of its nutritional values and positive effects on health. More than
90% of milk production in Turkey is obtained from dairy cattle and mostly Holstein and Simmental breeds (1). Holstein
cows, which are susceptible to diseases but have a high milk yield, are known as the most widely raised breed in the
world (2,3). Simmental cows, which are highly adaptable, resistance to diseases and frequently preferred in breeding
studies, are a combined yield-oriented breed (2-4). In dairy cattle enterprises, milk revenues should cover feed expenses.
Thus, milk revenue is crucial factor for profitability. Milk composition and milk quality are effective factors on milk
revenue. Also, milk composition and milk quality has become an important factor with the advancement of technology.
Fatty acid profile and fat percentages of milk have increasingly evaluated as quality indicators in terms of human health
as well as animal husbandry and dairy industry (5,6). It is known that fatty acids have benefits such as preventing
coronary heart diseases and reducing cholesterol in terms of human health (7). In addition, it has known that these
indicators are affected by environmental factors and phenotypic characters.

Multivariate statistical methods are frequently applied to the data obtained from studies in the field of animal
husbandry (8). Multiple linear regression, which is one of multivariate statistical methods, is a method that makes
predictions between a dependent variable and multiple independent variables by establishing a relationship with
mathematical models. In addition, predictions can be made using the mathematical model created with the analysis (9).

It was aimed to investigate the fatty acids in milk that are affected on total milk fat of cows with multiple linear
regression analysis in this study. Moreover, the effects of breed (Holstein-Simmental cows) and pregnancy status
(pregnant-non-pregnant) were also investigated.

2. Material and Methods

Milk samples were collected in accordance with the “Regulation on Studying Procedures and Principles of
Animal Experiments of Ethics Committees™ of the Ministry of Agriculture and Forestry (2014, Republic of Turkey)
and the regulations of Animal Experiments Local Ethics Committees of Hatay Mustafa Kemal University. In addition,
required approvals were obtained from the enterprise.

The study material consisted of milk samples that were collected from Holstein (n=269) and Simmental
(n=131) cows in a private dairy enterprise in Kayseri, Turkey. In addition, the pregnancy status of these animals
(pregnant n=128 and non-pregnant n=272) were also recorded from the enterprise record system (AfiMilk, Afkim,
Israel). The cows included in the study were housed in freestalls and fed TMR with 57.8% dry matter and 17.8% crude
protein under similar environmental conditions. Moreover, the animals were healthy according to the results of the
California Mastitis Test (CMT).

Milk samples were collected into two sterile falcons with a total of approximately 100 ml during morning
milking. After the milk collection process, one falcon of the milk samples from each animal was used for measurement
of the total milk fat by milk analyzer (Milkotester Master Classic LM2, Bulgaria) in the laboratory of the enterprise.
The second falcon of the milk samples was transferred to the laboratory in cold chain for the fatty acid analysis. The
milk samples brought to the laboratory were centrifuged at + 4°C 1800 xg for 15 minutes to collect the cream layers.
After centrifugation, the cream layers were collected after the samples were kept at -20 °C for 15 minutes. Afterwards,
fatty acid extraction was performed with 2 ml of methanolic KOH, and milk fatty acids were analyzed by gas
chromatography device (Shimadzu GC-2025, Japan). Total milk fat measurement, extraction process and fatty acid
analysis were performed according to the methods reported by Ozkan et al. (10) and Ozkan et al. (11). The milk fatty
acid composition of the samples was expressed as percentage (%).
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Statistical analysis

Before the study, power analysis was performed to determine the sample size. As a result of the power analysis,
a total of 340 milk samples were found to be appropriate, with type 1 error probability (o) = 0.05, power (1-p) = 0.80
and f (effect size) = 0.17. The variables were primarily evaluated in terms of parametric test assumptions. As a result,
it was determined that the parametric test and multiple linear regression assumptions were met. The relationships
between the total fat in milk (%) (the dependent variable) and breed, pregnancy status and fatty acids (independent
variables) were examined using multiple linear regression analysis. Backwards stepwise method was used in the
regression analysis. The autocorrelation of the residuals was evaluated using the Durbin-Watson test, and the
multicollinearity of the independent variables was evaluated using the Tolerance and VIF values. Descriptive statistics
were calculated (mean, standard error). G*Power Version 3.1.9.2 was used for power analysis and Stata 12/MP4
statistical program was used for statistical analysis. Differences with p < 0.05 were considered statistically significant,
and those with 0.05 < p < 0.10 were considered tendencies.

3. Results

Descriptive statistics for total milk fat and fatty acid composition were represented in Table 1.

Table 1: Descriptive statistics for fat and fatty acid profile of total milk

Tablo 1: Toplam siit yagi ve yag aside profili i¢in tammlayict istatistikler

Variables (%) Mean SE Variables (%) Mean SE
Milk fat 4.753 0.090 C18:2 06 2.128 0.033
C4:0 0.964 0.069 C18:3 03 0.070 0.006
C6:0 2.295 0.115 C18:3 w6 0.285 0.006
C8:0 2.374 0.088 C20:0 0.070 0.007
C10:0 6.329 0.173 C20:1 ©7 0.029 0.003
C11:.0 0.403 0.012 C20:2 06 0.041 0.004
C12:0 6.886 0.118 C20:3 06 0.044 0.004
C13:0 0.245 0.005 C20:4 06 0.103 0.007
C14:0 16.819 0.114 C20:3 »3 0.049 0.005
Cl4:1 05 1.852 0.035 C20:5 03 0.054 0.005
C15:0 1.348 0.018 C21:.0 0.185 0.005
Cl15:1 ©5 0.202 0.008 C22:0 0.053 0.005
C16:0 38.360 0.344 C22:1 ©9 0.057 0.004
Cl6:1 o7 2.087 0.036 C22:2 06 0.033 0.003
C17:0 0.354 0.006 C22:6 ®3 0.042 0.005
C17:1 ®8 0.201 0.005 C23:0 0.072 0.005
C18:0 3.384 0.065 C24:.0 0.043 0.005
Cl18:1 ®9 12.487 0.179 C24:1 ®9 0.055 0.006

SE: standard error

Before performing to the multiple linear regression analysis, the assumptions of the regression analysis were
checked. For this purpose, the autocorrelation of the residuals was examined by Durbin-Watson test, and the
multicollinearity problem was examined by VIF and tolerance values. As a result of the Durbin-Watson test, it was
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determined that the residuals were not related to each other. As a result of the analysis that performed to determine the
multicollinearity problem, C4:0, C6:0, C8:0, C10:0 and C12:0 fatty acids were not included in the multiple linear
regression model since their VIF values were >10. The regression model created with the remaining fatty acids, breed
and pregnancy status was shown in Table 2. In addition, as a result of the multiple linear regression analysis, the
variables that were not statistically significant were shown in Table 3.

Table 2: Result of multiple linear regression model

Tablo 2: Coklu dogrusal regresyon model sonucu

Variables ] SE t p
Constant 7.638 1.375 5.554 <0.001
Breed 0.944 0.188 5.014 <0.001
Pregnancy Status -1.164 0.187 -6.222 <0.001
C11:0 0.933 0.404 2.308 0.022
C14:0 -0.138 0.058 -2.390 0.017
C18:0 0.375 0.104 3.616 <0.001
C18:1 09 -0.100 0.045 -2.228 0.027
C18:3 ®3 -1.431 0.786 -1.822 0.069
C18:3 w6 -3.257 0.94 -3.466 0.001

R?=0.238 (F=12.671 ; p<0.001), 3: regression coefficient, SE: standard error, t: t statistic

Breed (p<0.001), pregnancy status (p<0.001), C11:0 (p=0.022), C14:0 (p=0.017), C18:0 (p<0.001), C18:1 @9
(p=0.027) and C18:3 w6 (p=0.001) were found to be statistically significant, while the C18:3 ®3 (p=0.069) was nearly
significant on total milk fat. It was revealed that the variables given in Table 2 had an effect of 24% on total milk fat
and the established model was statistically significant (R?=0.238) (p<0.001). The model created as a result of the
regression analysis was shown in the equation below.

Total Milk Fat = 7.638 + (0.944 x Breed) + (-1.164 x Pregnancy Status) + (0.933 x C11:0) + (-0.138 x C14:0)
+(0.375 x C18:0) + (-0.100 x C18:1 ©9) + (-1.431 x C18:3 ®3) + (-3.257 x C18:3 w6)

According to this model, Holstein cows increased total milk fat by 0.944 units more than Simmental cows.
Pregnant cows reduced total milk fat by 1.164 units compared to non-pregnant cows. One unit increase in C11:0 and
C18:0 fatty acids increased the total milk fat by 0.933 and 0.375 units, respectively. Finally, one unit increase in C14:0,
C18:1 ®9, C18:3 w3, and C18:3 w6 fatty acids decreased the total milk fat by 0.138, 0.100, 1.431 and 3.257 units,
respectively.

4, Discussion and Conclusion

Milk quality, composition and fatty acid profile vary depending on genetic, environmental, and phenotypic
factors. In addition, milk fat, which is one of the unique components of milk and its importance for health, is always
considered as a current quality parameter (12). In this study, milk samples collected on the same control day were
evaluated. Thus, the factors of breed and pregnancy status and fatty acid profile that have an effect on total milk fat
were evaluated by limited and similar environmental conditions.
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Table 3: The variables removed from regression model

Tablo 3: Regresyon modelinden ¢ikarilan degiskenler

Variables B t p
C13:0 0.083 1.349 0.178
Cl4:1 o5 -0.039 -0.670 0.504
C15:0 0.028 0.542 0.588
Cl15:1 o5 -0.018 -0.351 0.726
C16:0 -0.078 -1.047 0.296
Cl6:1 o7 0.039 0.636 0.525
C17:.0 0.063 0.985 0.326
C17:1 ®8 0.019 0.315 0.753
C18:2 06 -0.086 -0.960 0.338
C20:0 0.019 0.339 0.735
C20:1 o7 -0.001 -0.027 0.979
C20:2 06 -0.010 -0.157 0.875
C20:3 w6 -0.043 -0.774 0.440
C20:4 06 0.079 1.338 0.182
C20:3 ®3 0.038 0.680 0.497
C20:5 ®3 -0.010 -0.172 0.864
C21:0 -0.060 -0.937 0.350
C22:0 -0.047 -0.841 0.401
C22:1 ®9 -0.054 -0.940 0.348
C22:2 w6 -0.060 -0.984 0.326
C22:6 ©3 -0.046 -0.816 0.415
C23:0 -0.024 -0.389 0.697
C24:0 -0.029 -0.548 0.584
C24:1 ©9 0.051 0.861 0.390

B: regression coefficient, t: t statistic

Multiple linear regression analysis is a statistical method that aims to mathematically reveal the relations
between a dependent variable and the independent variables that are thought to affect the dependent variable (9). There
are different studies such as estimation of blood parameters using the composition of milk and fatty acids, determination
of milk fatty acids content using different methods, evaluation of adulteration in milk fat, and the effects of milk
composition parameters on fatty acids (12-15). The determination of the effects of breed, pregnancy status and fatty
acids on total milk fat by multiple linear regression analysis showed that it is unique in the literature.

Milk fat can be affected by various factors such as breed, nutrition, lactation, metabolic and health status (16).
Similar to our study, studies were reported that Holstein cows’ milk is higher than Simmental cows in terms of milk fat
(17,18). In addition, studies were shown that pregnancy is effective on milk composition parameters in cows (19,20).
In another study, it was reported that pregnancy affects milk composition and varies according to pregnancy stages
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(21). On the other hand, the fact that the pregnancy stages of the cows were not determined in the study was considered
as a limitation.

The data set in the study showed that there are generally significant relationships between milk fat and fatty
acids. In consequence of the multiple linear regression analysis, it was found that there was a positive relationship
between milk fat and C11:0 and C18:0 fatty acids, and a negative relationship between C14:0, C18:1 9, C18:3 w3,
and C18:3 w6 fatty acids. In a study, similar to our study, it was emphasized that the relationships between milk fat and
C14:0,C18:0 and C18:1 09 fatty acids were at a significant level, and that the C18:3 3 level should be evaluated (22).
While medium-chain fatty acids are synthesized de novo in the mammary gland, fatty acids longer than C16:0 pass into
milk through the circulatory system (23,24). The statistical significance of medium-chain fatty acids in our study
suggested that it may be related to the activity in mammary epithelial cells. In addition, it was thought that C11:0 fatty
acid might have a positive relationship with milk fat, since it plays a role in fat metabolism (25). Fatty acids longer than
C16:0 usually originate from the ration (24). Although the cows in the study were fed with similar rations, it was
thought that the relationship might have resulted from the sample size and genotypic differences in breeds (26,27).

The multiple explanatory coefficient (R?) shows to what extent the independent variables explain the change
in the dependent variable (9). In our study, the R? value was found to be 0.238. Although the R? value was not very
high, it was thought that the explanation rate by these variables is sufficient.

As a result, it was determined that breed, pregnancy status and C11:0, C14:0, C18:0, C18:1 ®9, C18:3 w6 fatty
acids had a statistically significant effect on milk fat under the same environmental conditions. Considering the
importance of milk fat in terms of economy and health, it is thought that milk fat can be increased by applying
appropriate breeding protocols. In addition, examining different factors that may affect milk fat in future studies will
further improve the explanatory coefficient of the model to be established.

Acknowledgement

We would like to thank Saray Agriculture and Livestock Inc. for their kindly help.
Conflict of Interest

The authors declared that there is no conflict of interest.
Funding

This work was supported by the Scientific Research Project Fund of Hatay Mustafa Kemal Universitesi under
the project number 21.GAP.004.

Authors' Contributions

Motivation / Concept: Ufuk KAYA, Hiiseyin OZKAN, Murat Onur YAZLIK

Design: Ufuk KAYA, Huseyin OZKAN, Aytag AKCAY, Akin YAKAN

Control / Supervision: Aytag AKCAY, Akin YAKAN

Data Collection and / or Processing: Ufuk KAYA, Hiiseyin OZKAN, Murat Onur YAZLIK, Giiven GUNGOR,
Baran CAMDEVIREN, irem KARAASLAN, Sevda DALKIRAN,
Hasan Hiiseyin KECELI, Akin YAKAN

Analysis and / or Interpretation: Ufuk KAYA, Giiven GUNGOR, Aytagc AKCAY

Literature Review: Ufuk KAYA, Hiiseyin OZKAN

Writing the Article: Ufuk KAYA, Hiseyin OZKAN

Critical Review: Murat Onur YAZLIK, Aytag AKCAY, Akin YAKAN



Vet Hekim Der Derg 94 (2): 119-126, 2023 125

Ethical Approval

An ethical statement was received from the authors that the data, information and documents presented in this
article were obtained within the framework of academic and ethical rules, and that all information, documents,
evaluations and results were presented in accordance with scientific ethics and moral rules.

References

1. TUIK. Animal production data [serial online]. 2022 Nov 10 [cited 2022 Nov 15]; Available from:
URL:http://www.tuik.gov.tr/Start.do.

2. Akcapmar H, Ozbeyaz C. Hayvan yetistiriciligi temel bilgileri. Ankara: Kariyer Matbaacilik Ltd Sti; 1999.

3. Korkmaz M, Akyiiz B. Simental irki sigirlarda GH ve PIT-I gen polimorfizmleri ile siit verimleri arasindaki iligkinin
arastirilmasi. KSU Tarim ve Doga Derg 2020;23(6):1678-1686.

4. Kog A. Simmental yetistiriciliginin degerlendirilmesi: 1. Diinyada ve Tiirkiye'deki yetistiriciligi. ADU Ziraat Derg
2016;13(2):97-102.

5. Fleming A, Schenkel FS, Chen J, Malchiodi F, Bonfatti V, Ali RA et al. Prediction of milk fatty acid content w ith mid-
infrared spectroscopy in Canadian dairy cattle using differently distributed model development sets. J Dairy Sci
2017;100(6):5073-5081.

6. TengF, WangP, Yang L, MaY, Day L. Quantification of fatty acids in human, cow, buffalo, goat, yak, and camel milk
using an improved one-step GC-FID method. Food Anal Methods 2017;10(8):2881-2891.

7. Pilarczyk R, Wojcik J, Sablik P, Czerniak P. Fatty acid profile and health lipid indices in the raw milk of Simmental
and Holstein-Friesian cows from an organic farm. S Afr J Anim Sci 2015;45(1):30-38.

8. Akcay A, Yakan A, Unal N. Bafra (Sakiz x Karayaka G1) kuzularinda et kalitesinin degerlendirilmesinde alternatif bir
yaklasim: Temel bilesenler analizi. Erciyes Univ Vet Fak Derg 2014;11(2):105-110.

9.  Alpar R. Uygulamali ¢ok degiskenli istatistiksel yontemler. Ankara: Detay Yayincilik; 2013.

10. Ozkan H, Yakan A, Camdeviren B, Karaaslan I. Milk traits of damascus goats at different lactation stages: 1. Somatic
cell counts and milk quality parameters. Erciyes Univ Vet Fak Derg 2020;17:318-324.

11. Ozkan H, Karaaslan I, Kaya U, Dalkiran S, Yiiksel M, Yakan A. The levels of milk fatty acids and alterations of
correlations between them in weaning process in damascus goats. Large Anim Rev 2022;28:241-248.

12. Rebechi SR, Vélez MA, Vaira S, Perotti MC. Adulteration of Argentinean milk fats with animal fats: Detection by fatty
acids analysis and multivariate regression techniques. Food Chem 2016;192:1025-1032.

13. Rodriguez MAP, Petrini J, Ferreira EM, Mourao LRMB, Salvian M, Cassoli LD et al. Concordance analysis between
estimation methods of milk fatty acid content. Food Chem 2014;156:170-175.

14. Pralle RS, Weigel KW, White HM. Predicting blood B-hydroxybutyrate using milk Fourier transform infrared spectrum,
milk composition, and producer-reported variables with multiple linear regression, partial least squares regression, and
artificial neural network. J Dairy Sci 2018;101(5):4378-4387.

15. Ungerfeld EM, Urrutia NL, Vasconez-Montufar C, Morales R. Factors associated with the content of mammary-
synthesized fatty acids in milk fat; A meta-analysis. J Dairy Sci 2019;102(5):4105-4117.

16. Gross JJ, Bruckmaier RM. Metabolic challenges in lactating dairy cows and their assessment via established and novel
indicators in milk. Animal 2019;13:75-81.

17. Bendelja D, Prpi¢ Z, Mikulec N, Ivkic Z, Havranek J, Antunac N. Milk urea concentration in Holstein and Simmental
cows. Mljekarstvo 2011;61(1):45-55.

18. Mauric M, Masek T, Ljoljic DB, Grbavac J, Starcevic K. Effects of different variants of the FASN gene on production
performance and milk fatty acid composition in Holsteinx Simmental dairy cows. Vet Med 2019;64(3):101-108.

19. Penasa M, De Marchi M, Cassandro M. Effects of pregnancy on milk yield, composition traits, and coagulation
properties of Holstein cows. J Dairy Sci 2016;99(6):4864-4869.

20. Laine A, Bastin C, Grelet C, Hammami H, Colinet FG, Dale LM et al. Assessing the effect of pregnancy stage on milk
composition of dairy cows using mid-infrared spectra. J Dairy Sci 2017;100(4):2863-2876.

21. Olori VE, Brotherstone S, Hill WG, McGuirk BJ. Effect of gestation stage on milk yield and composition in Holstein
Friesian dairy cattle. Livest Prod Sci 1997;52(2):167-176.



Vet Hekim Der Derg 94 (2): 119-126, 2023 126

22.

23.

24.

25.

26.

27.

Moate PJ, Chalupa W, Boston RC, Lean 1J. Milk fatty acids. I. Variation in the concentration of individual fatty acids
in bovine milk. J Dairy Sci 2007;90(10):4730-4739.

Wiking L, Stagsted J, Bjorck L, Nielsen JH. Milk fat globule size is affected by fat production in dairy cows. Int Dairy
J 2004;14(10):909-913.

Dan N, Zhang H, Ao C, Khas-Erdene. Transcriptional regulation of milk lipid synthesis by exogenous C16: 0 and C18
fatty acids in bovine mammary epithelial cells. Can J Anim Sci 2018;98:260-270.

Li Y, Xu C, Xia C, Zhang H, Sun L, Gao Y. Plasma metabolic profiling of dairy cows affected with clinical ketosis
using LC/MS technology. Vet Q 2014;34(3):152-158.

Citek J, Brzakova M, Hanusova L, Hanus O, Vecerek L, Samkova E et al. Gene polymorphisms influencing yield,
composition and technological properties of milk from Czech Simmental and Holstein cows. Anim Biosci 2021;34(1):2-
11.

Samkova E, Citek J, Brzakova M, Hanus O, Vecerek L, Jozova E et al. Associations among Farm, Breed, Lactation
Stage and Parity, Gene Polymorphisms and the Fatty Acid Profile of Milk from Holstein, Simmental and Their Crosses.
Animals 2021;11(11):3284.



