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Article 
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Urbana, IL 61801, USA 

* Correspondence: author: phuocthanh@ctu.edu.vn; jloor@illinois.edu  

Simple Summary: Improvements in milk healthy fatty acids by feeding oil mixtures have been reported in 

dairy cows. However, in some cases, the oil addition has been reported to reduce milk yield and milk fat in 

ruminants. It is unknown whether the inclusion of linseed oil and fish oil at the high level in goat diet increases 

milk healthy fatty acids without affecting milk production. The objective of this study was to investigate effect 

of linseed oil added alone at 2.5% or in combination with tuna fish oil at 2.5% and 4.16% in goat diet on intake, 

milk yield, and milk fatty acid profiles. Compared with control without oil addition, feeding linseed oil and 

fish oil at 4.16% markedly increased the levels of milk healthy fatty acids such as c9,t11 conjugated linoleic acid 

and docosahexaenoic acid, but decreased milk total saturated fatty acids, atherogenicity, and thrombogenicity 

indexes. Oil addition did not have a negative effect on intake, milk yield, and milk fat. Therefore, 

supplementing linseed oil and fish oil at 4.16% in the diet of lactating goats could have a positive impact on 

human health without any adverse effect on animal performance. 

Abstract: This study aimed to evaluate the effect of incorporating linseed oil and fish oil in the diet on intake, 

ruminal fermentation milk yield and milk fatty acid profile in dairy goats. Four crossbred Saanen lactating 

goats in mid-lactation and milking 1.30±0.28 g/day were used in a 4 × 4 Latin square design. The basal diet 

consisted of concentrate and Para grass (C:F 40:60). Treatments included the basal diet without oil supplement 

(Ctrl) or with 2.5% linseed oil (LO2.5), 2.5% linseed oil and fish oil (3:2, w/w, LFO2.5), and 4.16% linseed oil and 

fish oil (3:2, w/w, LFO4.16). Diets had no effect on intake, milk yield, milk composition and ruminal fermentation 

patterns (P > 0.05). The lower (P < 0.05) proportions of C10:0-C14:0 in milk fat were observed with LFO4.16 

compared with Ctrl. Compared with the Ctrl and linseed oil added alone, feeding LFO4.16 resulted in a 589% 

and 303% increase in C18:1 t11, respectively. Milk c9,t11 CLA was markedly increased with the LFO4.16 diet, 

accounting for 4.53 and 2.94 times greater concentrations than those in Ctrl and LO2.5 diets, respectively (P < 

0.01). Goats fed LFO2.5 and LFO4.16 had greater levels of C22:6n-3 (0.63% and 0.87%; P < 0.001) compared with 

those fed Ctrl and LO2.5 diets (0.06% and 0.08%). Overall, the combined data suggested that including 4.16% 

linseed oil and fish oil in the diet of dairy goats is effective for improving the concentrations of healthy fatty 

acids in milk, without affecting milk production. 

Keywords: dairy goats; intake; milk fatty acids; milk yield; rumen fermentation 

 

1. Introduction 

Over the past few years, there has been a surge in global milk consumption, primarily driven by 

the steady growth in the world population. [1] reported that between 2007 to 2017, the global goat 

population increased by 21.5%. As of now, Asia is ahead of other regions with the largest goat 

population, currently accounting for 56% of the world's total. Furthermore, the rise in income and 

better living standards among people has led to a growing trend of consuming premium goat milk 

products in place of cow's milk. Small size of milk fat particles, high digestibility and low allergy 

potential are the main reasons goat milk is a preferred choice for infants [2].  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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The fat in goat milk contains a ratio of n-6 to n-3 fatty acids (FA) of 5:1, which is similar to the 

recommended ratio for the prevention of cardiovascular disease in humans [3]. The potential 

advantages offered by goat milk products have resulted in an increase in their consumption by 

humans. Recent development in dairy goat production has focused on enhancing the nutritional 

value of milk and dairy products, as well as improving the functionality of milk and milk products 

[4]. In order to improve the quantity and quality of milk, changes have been made in the goat 

production diet. 

Goat milk produced through traditional dairy farming methods typically contains negligible 

amounts of conjugated linoleic acid (CLA), with alpha linolenic acid (ALA) and docosahexaenoic 

acid (DHA) being barely detectable. [5]. Previous studies have demonstrated that supplementing the 

diet with linseed oil significantly enhanced the quantity of unsaturated fatty acids (UFA) present in 

goat and cow milk, with particular emphasis on CLA and ALA [6-8]. However, when linseed oil is 

added alone in the diet, it undergoes biohydrogenation (BH) by rumen microorganisms, leading to 

the conversion of most of the ALA and CLA to stearic acid (SA, C18:0). This results in a substantial 

loss of ALA and CLA and an amplified accumulation of SA in milk. 

In an in vitro study, the replacement of linseed oil with fish oil significantly elevated contents of 

ALA and DHA in rumen fluid of Saanen goats [9]. A study on dairy cows by [10] showed that 

incorporating a blend of tuna fish oil and linseed oil in the diet simultaneously increased CLA, ALA 

and DHA in milk. As far as we know, there is no published research assessing the potential impact 

of a combination of fish oil and linseed oil on milk yield, composition, and fatty acid profile in dairy 

goats.  The main objective of this study was to investigate the impact of supplementing linseed oil 

either alone or in combination with fish oil on milk production, composition, and fatty acid profiles. 

We hypothesized that supplementing a combination of linseed oil and fish oil would increase healthy 

FA in milk with minimal effects on intake and ruminal fermentation.  

2. Materials and Methods 

The study was performed at Experimental Farm, Can Tho University, Vietnam. All procedures 

were carried out in compliance with the ethical standards stated in the Helsinki Declaration of 1975, 

revised in 2000, in addition to following the national laws. 

2.1. Animals 

Four F3 crossbred lactating Saanen goats (♂Saanen × ♀Bach Thao), mid-lactation, 2nd parity, 

1.30±0.28 kg of milk and 36.6±1.65 kg of body weight, were housed in individual wooden cages (1.2 

m×0.6 m×1.2 m, L×W×H) and offered daily rations as equal meals at 7:00 and 17:00 h. The animals 

had free access to water and a mineral block, and had enough space to exercise. Prior to conducting 

the experiment, goats were fed freely a basal diet for 1 week to determine the maximum feed intake.  

2.2. Experimental Design and Diets 

The animals were assigned to a 4×4 Latin square, each period consisted of 16 days for adjustment 

and 5 days for sampling. During the experimental period, all goats were fed a basic diet consisting of 

40% fresh Para grass (Brachiaria mutica) and 60% pelleted concentrate (dry matter basis). Treatments 

were 1) basic diet without oil inclusion as a control (Ctrl), 2.5% linseed oil (LO2.5), 2.5% linseed oil and 

tuna oil (3:2 w:w; LFO2.5) and 4.16% linseed oil and tuna oil (3:2 w:w; LFO4.16). The ratio (3:2 w:w) of 

linseed oil and tuna oil used was 2.5% DM in this study according to the findings of [9]. Oil blend 

was added at 4.16% in LFO4.16 diet such that this diet contained the same amount of linseed oil as the 

LO2.5 diet. Concentrate was mixed and pelleted once a week. Oil was mixed daily with concentrate 

before feeding the animals. They then had ad libitum access to Para grass. Diets were monitored daily 

to ensure that the goats consumed exactly the ratios as they were designed. Feed ingredients and 

chemical composition of the diets are shown in Table 1. 
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Table 1. Ingredients and chemical compositions of experimental diets. 

Item 
Diet1 

Ctrl LO2.5 LFO2.5 LFO4.16 

Ingredient, % DM 

Soybean meal 15.2 15.7 15.6 15.9 

Ground corn 15.5 9.46 9.03 - 

Rice bran 6.85 11.45 12.0 20.2 

Para grass 60.0 58.5 58.5 57.5 

NaCl 0.30 0.30 0.30 0.30 

2Premix 0.50 0.50 0.50 0.50 

CaCO3 1.74 1.62 1.53 1.43 

Linseed oil - 2.50 1.50 2.50 

Tuna fish oil - - 1.00 1.66 

Chemical composition, % of DM unless otherwise noted 

DM 45.6 46.7 46.7 47.8 

Ash 9.80 10.2 10.2 11.2 

OM 90.2 89.8 89.8 88.8 

CP 17.9 17.9 17.9 18.3 

NDF 46.8 50.7 50.7 50.1 

ADF 25.4 26.4 26.4 29.4 

CF 23.2 23.9 23.9 25.9 

NFE 46.9 43.3 43.3 38.4 

EE 2.23 4.74 4.74 6.56 

ME, Mcal/kg DM 2.33 2.55 2.55 2.61 

DM: dry matter, Ash: total minerals, OM: organic matter, CP: crude protein, NDF: neutral detergent fiber, ADF: 

acid detergent fiber, CF: crude fiber, NFE: nitrogen - free extract, EE: ether extract, ME: metabolizable energy. 
1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 2Content in 1 kg premix included: 290-350 g Ca, P: 62, 35 mg Mg, 450000 UI vitamin A, 70.000 UI 

vitamin D, 1.800 UI vitamin E and others. 

2.3. Sampling and Measurements 

Feed offered and refused were recorded daily for each goat during a 5-d period (d15-d19). Feed 

samples were dried in a forced-air oven (FD 53, Binder, Germany) at 60°C for 72 h. After this, the 

samples were stored at −20°C until analyses of chemical composition. 

The dairy goats were milked daily at 7:30 and 17:30 h and milk yields were recorded at each 

milking. Milk was sampled in 2 consecutive days (d19-d20) to analyze milk composition. To measure 

milk FA composition, pooled milk samples from 2-day samplings were stored at –20°C until further 

analysis. To count somatic cells in milk, samples were taken twice (morning and afternoon) at the 

beginning and the end day of each period. 

On d21, rumen fluid samples were collected at 0 and 3 h post morning feeding using a 100-mL 

syringe and pH was immediately determined using a digital pH meter (HI-5522, Hanna Instruments, 

Inc., US). The subsample was then filtered through a clean double layer cotton cloth, and the liquid 

fraction was acidified with 1M H2SO4 (9:1 v/v), centrifuged at 10,000×g for 15 min and stored at −20°C 
for the analyses of volatile fatty acids (VFA) and NH3-N concentrations. 
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2.4. Chemical Analysis 

Samples were ground through a 1-mm mesh (Cutting Mill SM100, Retsch, Germany) and 

subjected to proximate analysis. Feed samples were analyzed for dry matter (DM), organic matter 

(OM), crude protein (CP), crude fiber (CF), ether extract (EE) and Ash using standard methods [11]. 

Analyses of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were done using methods 

of [12]. Concentration of NH3-N was analyzed by the micro-Kjeldahl method. Milk composition 

including total solid, lactose, protein, fat and solid not fat was analyzed with a MilkoScan infrared 

automatic analyzer (MilkoScan Mars, Foss, Denmark). The milk samples were warmed at 40°C in a 

shaking incubator (ISS-4075R, Jeiotech, Korea) prior to the analysis of milk composition. Milk samples 

were kept in Eppendorf at 1°C and immediately analyzed for somatic cell counts using a milk somatic 

cell analyzer (Adam-SCC, Nano Entek Inc, Korea). 

Concentrations of individual VFA were analyzed using a Thermo Trace 1310 GC system 

(Thermo Scientific, Waltham, MA, USA) equipped with a flame ionization detector. Aliquots (1 μL) 
were injected with a split ratio of 10:1 into a 30 m × 0.25 mm × 0.25 μm Nukol fused-silica capillary 

column (Cat. No: 24107, Supelco, Sigma-Aldrich, St. Louis, MO, USA) with helium carrier gas set to 

a flow rate of 1 mL/min. Temperature program of the GC was set up following the method of [13]. 

Individual VFA peaks were identified based on their retention times, compared with external 

standards including acetic, propionic, butyric, valeric, iso-butyric and iso-valeric acids (Sigma-

Aldrich, USA).  

Lipids in feed samples (1 g) were extracted in chloroform:methanol solution (2:1 v:v) following 

the traditional Folch procedure [14], with minor modifications as described by [15]. Lipid content in 

milk samples (2 mL) were extracted with 25% ammonium solution, 95% ethanol, diethyl ether and 

petroleum ether, according to the method of Chouinard et al. (1997). One milliliter of internal 

standard (1 mg C13:0/mL chloroform) was added to all extracted lipids and evaporated to complete 

dryness under a N2 stream. Dried lipids of feed and milk samples were then methylated with 3 mL 

of NaOH in methanol (0.5 M) followed by 2 mL of acetyl chloride in methanol (1:5 vol/vol). The FA 

methyl esters (FAME) were extracted twice with 2 mL of hexane and pooled extracts were evaporated 

under a N2 stream until dryness. The residue was dissolved in 1 mL of hexane and analyzed using a 

gas chromatograph (Thermo Scientific Trace 1310 GC system, Waltham, MA) equipped with a flame 

ionization detector. Aliquots (1 μL) were injected at a split ratio of 50:1 into a 100 m × 0.25 mm × 0.25 
μm high polar fused silica capillary column (Cat. No: 24056, Supelco Inc., Bellefonte, PA) with helium 
carrier gas set to a flow rate of 1 mL/min. Temperature program of the GC was set up following the 

method of [16]. Individual FAME were identified by comparison of retention times with 37 

component FAME mix of standard (Cat. No: CRM47885, Supelco Inc, Bellefonte, PA), CLA mix of 

standard (Cat. No: O5632, Sigma–Aldrich, Louis, MO), and C18:1 t11 standard (Cat. No: CRM46905, 

Supelco Inc, Bellefonte, PA). 

2.5. Calculations 

Metabolizable energy intake (ME) was caculated following the equation of [17]. Atherogenicity 

index = [12:0+4(14:0)+16:0]/[MUFA+PUFA] and thrombogenicity index = (14:0+16:0+18:0)/[(MUFA+n-

6 PUFA)/2+3(n-3 PUFA)+(n-3 PUFA/n-6 PUFA)] [18]. 

2.6. Statistical Analysis 

Data were analyzed using GLM in trình SAS OnDemand for Academics 2021 (SAS Institute Inc., 

Cary, NC, USA) for a completely randomized design with the statistical model Yij = µ + Di + εij, where 

Yij = the dependent variable, μ = the overall mean, Di = the effect of diet, and εij = the random residual 

error. Significant differences among treatment means were compared using Tukey. Statistical tests 

were performed using SAS OnDemand for Academics 2021 (SAS Institute Inc., Cary, NC, USA). A 

significant effect of treatment was declared at P < 0.05 and tendencies were declared at 0.05 ≤ P < 0.10. 
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3. Results 

3.1. Intake 

Diet had no effect on the intake of DM, CP and ME (Table 3). Except for C12:0, C16:0, C18:0 and 

C18:2 c9,c12, the inclusion of oil resulted in an increased intake of all FA (Table 3). As expected, 

compared with other diets, the addition of LO alone or in combination with FO at 4.16% resulted in 

a greater consumption of C18:3n-3 (21.2 g/d and 23.4 g/d; P < 0.05), which is the predominant FA in 

linseed oil (4.40-14.6 g/d). Intakes of C20:5n-3 and C22:6n-3 were greatest with LFO4.16 (3.49 g/d and 

1.73 g/d) compared with LFO2.5 (1.88 g/d and 0.93 g/d) and other diets (undetected). The total FA 

intake with LFO4.16 was 2.52 and 1.42 times greater (P < 0.05) than those in the Ctrl and other diets 

with added oil, respectively.  

Table 2. Fatty acid composition in the diet. 

Fatty acid 

(g/100 g FA) 

Feed  Diet1 

Fish oil Linseed oil Para grass Concentrate  Ctrl LO2.5 LFO2.5 LFO4.16 

C12:0 0.08 0.01 0.69 0.03  0.43 0.42 0.42 0.42 

C14:0 6.33 0.06 0.84 0.17  0.57 0.55 0.63 0.70 

C16:0 21.6 5.52 47.2 19.5  36.1 38.3 38.3 39.1 

C18:0 2.03 3.22 10.1 5.34  8.20 8.04 8.67 7.54 

C18:1 c9 13.9 17.9 3.63 35.6  16.4 18.7 18.1 20.2 

C18:2 c9,c12 2.39 16.5 11.4 26.1  17.3 16.6 16.3 13.9 

C18:3n-3 0.29 55.8 21.5 0.68  13.2 14.2 13.7 14.1 

C20:5n-3 14.9 nd2 nd nd  nd nd 0.15 0.25 

C22:6n-3 7.37 nd nd nd  nd nd 0.07 0.12 

SFA 45.2 9.06 62.3 37.0  52.2 49.7 50.6 50.3 

UFA 54.8 90.9 37.7 63.0  47.8 50.3 49.4 49.7 

MUFA 29.0 18.0 4.65 36.1  17.2 19.4 19.0 21.2 

PUFA 25.8 72.9 33 26.9  30.6 30.9 30.3 28.5 

n-3 PUFA 22.9 56.1 21.5 0.76  13.2 14.2 13.9 14.5 

n-6 PUFA 2.75 16.5 11.5 26.1  17.3 16.7 16.4 14.0 

1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 2nd: Not detectable. 

Table 3. Intakes in dairy goats fed a basal diet without supplement or added mixture of linseed oil 

and fish oil. 

Item 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

Main components       

DM, g/day 1,635 1,517 1,514 1,414 112 0.190 

CP, g/day 297 274 274 262 24,0 0.300 

ME, Mcal/d 3.89 3.94 3.94 3.73 0,31 0.768 

Fatty acidsb, g/d       

C12:0 0.14 0.14 0.14 0.14 0.01 0.896 

C14:0 0.20b 0.20b 0.99a 1.67a 0.15 0.001 

C16:0 12.7 13.5 15.5 18.2 1.24 0.074 
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1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). bn.d. indicates proportions of FA in feed ingredients not detected or below 0.01% of total FA. 

3.2. Milk Yield and Composition 

Milk yield of the experimental goats ranged from 1.34 to 1.44 kg/day and did not differ among 

the diets (P > 0.05; Table 4). The milk composition and somatic cell count remained unchanged (P > 

0.05) regardless of the different source and levels of oil inclusion in the diet. 

Table 4. Milk yield and composition in dairy goats fed a basal diet without supplement or added 

mixture of linseed oil and fish oil. 

1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 

3.3. Ruminal Fermentation Patterns 

The diets did not affect ruminal fermentation patterns such as pH, NH3-N and total VFA (P > 

0.05; Table 5). Total VFA concentration was higher at 3 h post feeding (59.8-69.1 mM) compared with 

before feeding (53.1-57.8 mM). Compared with the Ctrl goats fed the basal diet without oil inclusion, 

Item 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

C18:0 2.92 3.71 3.56 4.21 0.33 0.138 

C18:1 c9 6.74b 11.8ab 11.4ab 16.4a 1.54 0.025 

C18:2 c9,c12 6.68 11.3 9.6 12.8 1.26 0.059 

C18:3n-3 4.40b 21.2ab 14.6ab 23.4a 3.29 0.024 

C20:5n-3 n.d. n.d. 1.88b 3.49a 0.35 0.001 

C22:6n-3 n.d. n.d. 0.93b 1.73a 0.17 0.001 

SFA 18.7b 20.2ab 24.7ab 30.5a 2.16 0.030 

UFA 18.2b 44.8ab 40.8ab 62.1a 6.58 0.018 

MUFA 7.02b 12.1ab 13.6ab 20.2a 1.80 0.012 

PUFA 11.1b 32.7ab 27.2ab 41.9a 4.83 0.021 

n-3 PUFA 4.42b 21.3ab 17.5ab 28.8a 3.59 0.016 

n-6 PUFA 6.70b 11.3ab 9.65ab 12.9a 1.26 0.058 

Total FA 36.8b 65.1ab 65.5ab 92.7b 8.51 0.021 

Item 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

Milk yield, kg/day 1.44 1.34 1.36 1.44 0.15 0.687 

Milk composition, %       

Fat 2.78  3.18  2.83  3.03  0.57 0.743 

Protein 3.08  3.02  3.04  2.92  0.12 0.363 

Lactose 4.26  4.35  4.38  4.41  0.66 0.508 

Solid not fat 8.14  8.18  7.71  7.96  0.42 0.451 

Total solid 10.5  10.7  10.6  10.9  0.89 0.716 

Somatic cell count, ×103/mL       

Initial 1,032  1,007  715  658  538 0.696 

Final 692  720  435  1,046  357 0.221 

Difference -340  -287  -279  388  622 0.377 
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there was no change in percentage of individual VFA in goats that were fed 4.16% oil (P > 0.05; Table 

5). 

Table 5. Ruminal fermentation patterns in dairy goats fed a basal diet without supplement or added 

mixture of linseed oil and fish oil. 

Item 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

0 h       

pH 6.80  6.90  6.88  6.81  0.10 0.490 

NH3-N, mg/dL 32.2  37.8  31.5  30.1  4.50 0.182 

Total VFA, mM 54.9 57.8 53.5 53.1 4.39 0.476 

Acetate,% 67.0 66.4 65.3 64.7 1.62 0.254 

Probionate, % 17.7 18.8 19.3 20.1 1.57 0.286 

Acetate/propionate 3.78 3.54 3.38 3.22 0.38 0.254 

Iso-butyrate, % 3.81 3.60 3.39 3.23 0.13 0.608 

Butyrate, % 1.85 1.82 1.78 1.73 0.49 0.466 

Iso-valerate, % 8.59 8.26 8.80 8.73 0.17 0.734 

Valerate, % 2.53 2.55 2.52 2.43 0.17 0.572 

3 h       

pH 6.52  6.56  6.63  6.74  0.12 0.128 

NH3-N, mg/dL 37.1  32.6  37.8  29.4  5.35 0.190 

Total VFA, mM 64.5 63.0 69.1 59.8 6.47 0.321 

Acetate,% 66.7 66.4 67.1 66.0 2.66 0.941 

Probionate, % 19.0 19.5 19.0 19.7 1.70 0.318 

Acetate/propionate 3.50 3.40 3.53 3.34 0.71 0.953 

Iso-butyrate, % 3.62 3.49 3.62 3.36 0.13 0.585 

Butyrate, % 1.60 1.62 1.58 1.70 0.52 0.916 

Iso-valerate, % 8.14 8.21 8.23 8.17 0.16 0.612 

Valerate, % 2.19 2.22 2.16 2.31 0.15 0.403 

1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 

3.4. Milk Fatty Acids 

Supplementation of oils altered the proportions of some medium- and long-chain SFA in milk, 

including C10:0, C11:0, C12:0 and C14:0 (Table 6). Compared with the Ctrl group, goats fed LFO4.16 

had the lowest proportions (P < 0.05) of C10:0 and C11:0 (5.75% and 0.14%, respectively) (9.30% and 

0.24%, respectively). Compared with Ctrl (4.45% and 15.2%), the inclusion of oils at 2.5% led to a 

lower proportion of C12:0 (3.16-3.18%) and C14:0 (11.0-11.4%), but a greater proportion of these FA 

in LFO4.16 (2.25% and 8.59%) (P < 0.001). As expected, the proportions of beneficial FA including C18:1 

t11, C18:1 c9, c9,t11 CLA and C22:6n-3 were remarkably increased (P < 0.05; Table 6) in goats receiving 

LFO4.16. Supplementing the combination of LO and FO at 4.16% resulted in a 589% and 303% increase 

in C18:1 t11 compared with the Ctrl and SO added alone, respectively. Milk c9,t11 CLA was 

impressively increased with the LFO4.16 diet,, accounting for 4.53 and 2.94 times greater concentrations 

than those in the Ctrl and LO2.5 diets, respectively (P < 0.01). Animals fed LFO2.5 and LFO4.16 diets had 

greater levels of C22:6n-3 (0.63% and 0.87%; P < 0.001) compared with those fed the Ctrl and LO2.5 

diets (0.06% and 0.08%). 
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Table 6. Milk individual fatty acid composition in dairy goats fed a basal diet without supplement or 

added mixture of linseed oil and fish oil. 

Fatty acid (g/100 g FA) 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

Saturated FA 

C4:0 0.44 0.81 0.40 0.56 0.28 0.255 

C6:0 1.30 1.74 1.14 1.35 0.39 0.255 

C8:0 1.69 1.93 1.39 1.43 0.45 0.371 

C10:0 9.30a 7.47ab 6.64ab 5.75b 1.16 0.024 

C11:0 0.24a 0.21ab 0.17ab 0.14b 0.03 0.021 

C12:0 4.45a 3.18b 3.16b 2.25c 0.23 <0.001 

C14:0 15.2a 11.0b 11.4b 8.59c 0.66 <0.001 

C15:0 0.99 0.96 1.08 1.07 0.32 0.499 

C16:0 36.2 29.1 40.0 35.8 5.23 0.120 

C17:0 0.66 0.59 0.68 0.65 0.08 0.472 

C18:0 6.49 10.2 8.52 7.94 2.73 0.366 

C20:0 0.03 0.04 0.09 0.12 0.05 0.106 

C21:0 0.01 0.25 0.01 0.21 0.34 0.653 

C22:0 0.03 0.04 0.09 0.12 0.05 0.105 

C23:0 0.02 0.02 0.02 0.03 0.01 0.422 

C24:0 0.02 0.02 0.03 0.04 0.01 0.096 

Unsaturated FA 

C14:1 0.29 0.20 0.20 0.15 0.06 0.080 

C15:1 0.01 0.14 0.00 0.12 0.20 0.667 

C16:1 0.65 0.56 0.60 0.69 0.13 0.525 

C17:1 0.06 0.05 0.05 0.06 0.08 0.990 

C18:1 t9 0.07 0.14 0.20 1.99 1.74 0.406 

C18:1 t11 0.82b 1.40b 2.70ab 5.65a 1.25 0.006 

C18:1 c9 18.4ab 26.2a 16.8b 18.6ab 3.79 0.047 

C18:2 t9,t12 0.12b 0.29ab 0.38a 0.50a 0.10 0.008 

C18:2 c9,c12 1.13 1.58 1.07 1.30 0.21 0.054 

c9,t11 CLA 0.51b 0.79b 1.38ab 2.32a 0.49 0.007 

c12,c12 CLA 0.01 0.01 0.02 0.02 0.02 0.413 

t10,c12 CLA 0.02b 0.02b 0.02b 0.09a 0.02 0.012 

C18:3n-6 0.01 0.01 0.01 0.01 0.01 0.454 

C18:3n-3 0.68 0.78 0.80 0.91 0.25 0.644 

C20:1n-9 0.02b 0.02b 0.06ab 0.14a 0.04 0.021 

C20:2 0.01 0.01 0.01 0.02 0.01 0.075 

C20:3n-6 0.01 0.01 0.01 0.01 0.01 0.517 

C20:3n-3 0.01 0.01 0.01 0.03 0.01 0.090 

C20:4n-6 0.04 0.04 0.04 0.04 0.02 0.985 

C20:5n-3 0.03 0.04 0.03 0.07 0.03 0.273 

C22:1n-9 0.01 0.01 0.01 0.03 0.01 0.090 
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C22:2 0.01 0.02 0.09 0.19 0.16 0.421 

C22:6n-3 0.06b 0.08b 0.63a 0.87a 0.07 <0.001 

C24:1n-9 0.06 0.04 0.08 0.11 0.05 0.406 

1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 

Feeding LO alone or in combination with FO at 4.16% markedly increased (P < 0.01; Table 7) the 

proportion of C18 UFA compared with other diets. Feeding LO2.5 and LFO4.16 reduced SFA and 

increased UFA, especially MUFA, in milk fat (P < 0.01; Table 7). As expected, PUFA was highest in 

LFO4.16 (6.39%) compared with the lower values (2.64% and 3.70%) detected in the Ctrl and LO2.5 (P < 

0.05). Additionally, percentage of total CLA increased (P < 0.01) from 0.54% and 0.81% with the Ctrl 

and LO2.5 diets to 2.43% in the LFO4.16. Goats fed LFO4.16 diet exhibited a tendency to increase 

MUFA/SFA (P = 0.062) and increased PUFA/SFA (P < 0.05) in comparison with those fed the Ctrl diet. 

As the result of decreased proportion of SFA and increased proportions of MUFA and PUFA with 

the LFO4.16 diet, atherogenicity and thrombogenicity indices in milk fat decreased by 2.09- and 1.69-

fold (P < 0.05; Table 7) relative to the Ctrl diet. 

Table 7. Milk fatty acid group composition in dairy goats fed a basal diet without supplement or 

added mixture of linseed oil and fish oil. 

Fatty acid (g/100 g FA) 
Diet1 

SEM P 
Ctrl LO2.5 LFO2.5 LFO4.16 

FA groups       

C18 UFA 21.7b 31.2a 23.4b 31.4a 0.94 0.001 

SFA 77.0a 67.6b 74.8a 66.1b 2.25 0.001 

UFA 23.0b 32.4a 25.2b 33.9a 2.25 0.001 

MUFA 20.4b 28.7a 20.7b 27.5a 1.45 0.003 

PUFA 2.64b 3.70b 4.48ab 6.39a 1.31 0.032 

n-3 PUFA 0.78 0.91 1.47 1.89 0.74 0.229 

n-6 PUFA 1.31 1.95 1.50 1.86 0.28 0.055 

Total CLA 0.54b 0.81b 1.42ab 2.43a 0.25 0.007 

Indices       

MUFA/SFA 1.13 1.13 1.22 1.23 0.03 0.062 

PUFA/SFA 0.03b 0.05ab 0.06ab 0.09a 0.01 0.027 

Atherogenecity index 4.61a 2.37b 3.59ab 2.21b 0.72 0.010 

Thrombogenicity index 4.32a 2.74ab 3.72ab 2.56b 0.71 0.038 

1Ctrl: control; LO2.5: 2.5% linseed oil; LFO2.5: 2.5% linseed oil + fish oil (3:2 wt:wt); LFO4.16: 4.16% linseed oil + fish 

oil (3:2 wt:wt). 

4. Discussion 

4.1. Intake 

The lack of effect of oil supplementation on total DM intake in the current study supports some 

previous studies in which dairy goats were fed diets containing 3% DM linseed oil [7] and 2.5% 

soybean oil [19]. In a recent study conducted with dairy cows, [6] detected a decreased tendency in 

total intake when animals were fed a 3% mixture of linseed, sunflower, and tuna oil. [20] reported 

that inclusion of either 2.2% FO or 5.3% sunflower oil in the diet had no effect on total DM intake in 

dairy goats, but decreased total DM intake in dairy cows. This finding revealed that dairy goats have 
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a lower sensitivity towards intake in the presence of oils added to the diet. [21] recommended limiting 

total fat intake in the diet to 6-7% DM, as higher concentrations may result in a decrease in DM intake. In the 

present study, the highest concentration of EE in the diets was 6.56% 

4.2. Milk Yield and Composition 

The goats used in this research had a relatively low body weight and a moderate milk 

production, which could be attributed to the tropical conditions they were managed in. As the air 

temperature, temperature-humidity index, and rectal temperature rise above critical thresholds, a 

decline in DM intake and a decrease in milk yield occur in tropical ruminants. Additionally, this can 

lead to a reduction in the efficiency of milk yield [22].  

There have been inconsistent results in ruminants fed oil supplements. Milk fat depression 

(MFD) was found when oils were supplemented in cows [6,23,24], but  milk fat content remained 

unchanged when cows were fed 4% linseed oil [25,26] and goats fed a 2.5% oil blend [19]. The 

negative impact of adding oil to the diet of dairy ruminants, which leads to a reduction in milk fat 

content, is more commonly detected when the lipid sources used are high in polyunsaturated fatty 

acids (PUFA).  

In most of the experimental conditions that have been studied, MFD is partially linked to a 

change in ruminal biohydrogenation. This leads to the production of various ruminal intermediates 

such as t10 18:1 and t10,c12 CLA, which may adversely affect the mRNA abundance of lipogenic 

enzymes [27]. When dairy cows were fed milk fat-depressing diets, it resulted in the inhibition of 

mRNA abundance of mammary lipogenic enzymes. Additionally, supraphysiological concentrations 

of t10,c12 CLA were originally associated with MFD [28]. In the current study, the milk fat content 

remained unchanged despite the detection of a higher concentrations of t10,c12 CLA in the LFO4.16 

diet. It is worth noting that goats are less responsive to fat supplements compared with cows [29], 

which may explain the lack of differences in milk composition observed in this study.  

Milk somatic cell counts for goats in this study fluctuated within the standard range for goat 

milk, which is 1,000 × 103/mL [30], ranging from 658 to 1,032 × 103/mL at the beginning and 435-1,046 

× 103/mL at the end of experiment. The LFO4.16 diet had an opposite effect on milk somatic cell counts 

compared to other diets as it showed an increase in this parameter towards the end of the experiment. 

It is imperative to consider this aspect while conducting future research involving a larger number 

of goats. 

4.3. Milk Fatty Acid Composition 

The reduction in C10:0-C14:0 content (P < 0.01) was partially attributed to slight alterations in 

the activity of acetyl-CoA carboxylase and other enzymes that involved in the de novo synthesis of 

SFA in the mammary gland [31]. The reduction in C12:0 and C14:0 concentrations in milk fat from 

goats supplemented with linseed oil and fish oil could have a favorable impact on human health since 

the consumption of these FA was reported to have an inverse correlation with the occurrence of heart 

attacks in humans [32]. 

That higher milk c9,t11 CLA in goats fed LFO4.16 was in agreement with the finding of [33]. Milk 

that contains higher levels of c9,t11 CLA originates from the biohydrogenation of linoleic acid and 

alpha linolenic acid in the rumen as an intermediate or from endogenous synthesis in the mammary 

gland from vaccenic acid [34]. Compared to the results (0.098 g/100 g FA) obtained by [35], in this 

study, the goats fed with a diet containing fish oil had a greater DHA content in the milk (0.63-0.87 

g/100 g FA), where goats were supplemented with extruded linseed and fish oil. The consumption of 

dairy products with lower atherogenic index values (e.g., DHA) leads to a decrease in total cholesterol 

in human plasma [36]. 

The current research was designed to include linseed oil and fish oil at 4.16%, resulting in an 

enhancement of milk concentrations of MUFA and PUFA. These findings align with previous studies 

[6,37]. In this study, inclusion of a high PUFA oil mixture in the diet led to a decrease in atherogenicity 

index and thrombogenicity index, which can effectively counteract the negative impact of high levels 

of SFA and n-6 FA present in milk. A notable decrease in atherogenicity and thrombogenicity indices 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2023                   doi:10.20944/preprints202305.0602.v1

https://doi.org/10.20944/preprints202305.0602.v1


 11 

 

was also detected when cows were fed 3% linseed oil and fish oil [10] or 3% of linseed oil, sunflower 

oil and fish oil [6].  

5. Conclusions 

There was no impact on intake, ruminal fermentation patterns, milk yield, and milk composition 

when linseed oil and fish oil were incorporated at 4.16% in the diet of lactating goats. However, this 

diet effectively increased the levels of healthy milk fatty acids such as C18:1 t11, c9,t11 CLA, and 

C22:6n-3. Additionally, it decreased milk total SFA, atherogenicity, and thrombogenicity indexes. 

Thus, supplementing linseed oil and fish oil at 4.16% in the diet of lactating goats could have a 

positive impact on human health without any adverse effect on animal performance. 

Acknowledgments: This study was financially supported by Ministry of Education and Training, Viet Nam 

(#B2021-TCT-09). 

Author Contributions: Conceptualization, L.P.T. and J.J.L.; methodology, D.T.T.M. and T.T.T.H.; formal 

analysis, D.T.T.M., T.T.T.H. and L.P.T.; data curation, L.P.T. and J.J.L.; writing—original draft preparation, 

L.P.T.; writing—review and editing, J.J.L.; supervision, L.P.T. and J.J.L.; project administration, L.P.T. All authors 

have read and agreed to the published version of the manuscript. 

Conflicts of Interest: The authors declare no conflicts of interest exist. 

Acknowledgments: Authors express special thanks to the facility support by Experimental Farm and 

Laboratory, Can Tho University, Vietnam. 

References 

1. Miller, B.A.; Lu, C.D. Current status of global dairy goat production: an overview. Asian-Australasian journal 

of animal sciences 2019, 32, 1219-1232, doi:https://doi.org/10.5713/ajas.19.0253. 

2. Clark, S.; Mora García, M.B. A 100-Year Review: Advances in goat milk research. Journal of dairy science 

2017, 100, 10026-10044, doi:https://doi.org/10.3168/jds.2017-13287. 

3. Chen, J.; Liu, H. Nutritional Indices for Assessing Fatty Acids: A Mini-Review. International journal of 

molecular sciences 2020, 21, doi:https://doi.org/10.3390/ijms21165695. 

4. Jenkins, T.C.; McGuire, M.A. Major advances in nutrition: impact on milk composition. Journal of dairy 

science 2006, 89, 1302-1310, doi:https://doi.org/10.3168/jds.S0022-0302(06)72198-1. 

5. Park, Y.W.; Haenlein, G.F.; Wendorff, W. Overview of milk of non‐bovine mammals. Handbook of Milk of 

non‐bovine Mammals 2017, 1-9. 

6. Thanh, L.P.; Suksombat, W.; Loor, J.J.; Thi Thuy Hang, T. Polyunsaturated fatty acids and rumen 

undegradable protein alter ruminal fermentation and milk fatty acid profiles in dairy cows. Arch. Anim. 

Nutr. 2023, 1-19, doi:https://doi.org/10.1080/1745039x.2023.2176150. 

7. Gómez-Cortés, P.; Cívico, A.; de la Fuente, M.A.; Núñez Sánchez, N.; Peña Blanco, F.; Martínez Marín, A.L. 

Effects of dietary concentrate composition and linseed oil supplementation on the milk fatty acid profile of 

goats. Animal 2018, 12, 2310-2317, doi:https://doi.org/10.1017/S1751731118000381. 

8. Martínez Marín, A.L.; Gómez-Cortés, P.; Gómez Castro, A.G.; Juárez, M.; Pérez Alba, L.M.; Pérez 

Hernández, M.; de la Fuente, M.A. Animal performance and milk fatty acid profile of dairy goats fed diets 

with different unsaturated plant oils. Journal of dairy science 2011, 94, 5359-5368, 

doi:https://doi.org/10.3168/jds.2011-4569. 

9. Thanh, L.P.; Phakachoed, N.; Suksombat, W.; Loor, J.J.; Hang, T.T.T. Partial substitution of fish oil for 

linseed oil enhances beneficial fatty acids from rumen biohydrogenation but reduces ruminal fermentation 

and digestibility in growing goats. Transl. Anim. Sci. 2021, 5, txab116, 

doi:https://doi.org/10.1093/tas/txab116. 

10. Thanh, L.P.; Suksombat, W. Milk yield, composition, and fatty acid profile in dairy cows fed a high-

concentrate diet blended with oil mixtures rich in polyunsaturated fatty acids. Asian Australas. J. Anim. Sci. 

2015, 28, 796-806, doi:https://doi.org/10.5713/ajas.14.0810. 

11. AOAC. Official methods of analysis, 15th ed.; Assoc. Off. Anal. Chem.: Arlington, VA, 1990. 

12. Van Soest, P.J.; Robertson, J.B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch 

polysaccharides in relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3597, 

doi:https://doi.org/10.3168/jds.S0022-0302(91)78551-2. 

13. Thanh, L.P.; Kha, P.T.T.; Hang, T.T.T. Jackfruit leaves can totally replace traditional grass in the diet of 

lactating dairy goats. J. Appl. Anim. Res. 2022, 50, 97-102, doi:https://doi.org/10.1080/09712119.2022.2035734. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2023                   doi:10.20944/preprints202305.0602.v1

https://doi.org/10.5713/ajas.19.0253
https://doi.org/10.3168/jds.2017-13287
https://doi.org/10.3390/ijms21165695
https://doi.org/10.3168/jds.S0022-0302(06)72198-1
https://doi.org/10.1080/1745039x.2023.2176150
https://doi.org/10.1017/S1751731118000381
https://doi.org/10.3168/jds.2011-4569
https://doi.org/10.1093/tas/txab116
https://doi.org/10.5713/ajas.14.0810
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1080/09712119.2022.2035734
https://doi.org/10.20944/preprints202305.0602.v1


 12 

 

14. Folch, J.; Lees, M.; Sloane Stanley, G.H. A simple method for the isolation and purification of total lipides 

from animal tissues. J. Biol. Chem. 1957, 226, 497-509, doi:https://doi.org/10.1016/S0021-9258(18)64849-5. 

15. Li, Y.; Watkins, B.A. Analysis of fatty acids in food lipids. In Current protocols in food analytical chemistry; 

John Wiley & Sons, Inc.: Hoboken, NJ, 2001; Volume 1, pp. D1-2.7. 

16. Thanh, L.P.; Kha, P.T.T.; Loor, J.J.; Hang, T.T.T. Grape seed tannin extract and polyunsaturated fatty acids 

affect in vitro ruminal fermentation and methane production. J. Anim. Sci. 2022, 100, skac039, 

doi:https://doi.org/10.1093/jas/skac039. 

17. Abate, A.L.; Mayer, M. Prediction of the useful energy in tropical feeds from proximate composition and 

in vivo derived energetic contents 1. Metabolisable energy. Small Rumin. Res. 1997, 25, 51-59, 

doi:https://doi.org/10.1016/S0921-4488(96)00959-5. 

18. Ulbricht, T.L.; Southgate, D.A. Coronary heart disease: seven dietary factors. Lancet 1991, 338, 985-992, 

doi:https://doi.org/10.1016/0140-6736(91)91846-M. 

19. Ha, N.T.T.; Mai, D.T.T.; Hang, T.T.T.; Thanh, L.P. Effects of oil and grape seed tannin extract on intakes, 

digestibility, milk yield and composition of Saanen goats. Vet. Integr. Sci. 2023, 21, 37-47, 

doi:https://doi.org/10.12982/VIS.2023.004. 

20. Bernard, L.; Toral, P.G.; Chilliard, Y. Comparison of mammary lipid metabolism in dairy cows and goats 

fed diets supplemented with starch, plant oil, or fish oil. J. Dairy Sci. 2017, 100, 9338-9351, 

doi:https://doi.org/10.3168/jds.2017-12789. 

21. NRC. National Research Council: Nutrient Requirements of Dairy Cattle; National Academy Press: Washington, 

DC, 2001. 

22. West, J.W. Effects of Heat-Stress on Production in Dairy Cattle. J. Dairy Sci. 2003, 86, 2131-2144, 

doi:https://doi.org/10.3168/jds.S0022-0302(03)73803-X. 

23. Loor, J.J.; Doreau, M.; Chardigny, J.M.; Ollier, A.; Sebedio, J.L.; Chilliard, Y. Effects of ruminal or duodenal 

supply of fish oil on milk fat secretion and profiles of trans-fatty acids and conjugated linoleic acid isomers 

in dairy cows fed maize silage. Anim. Feed Sci. Technol. 2005, 119, 227-246, 

doi:https://doi.org/10.1016/j.anifeedsci.2004.12.016. 

24. Hassanat, F.; Benchaar, C. Corn silage-based diet supplemented with increasing amounts of linseed oil: 

Effects on methane production, rumen fermentation, nutrient digestibility, nitrogen utilization, and milk 

production of dairy cows. J. Dairy Sci. 2021, 104, 5375-5390, doi:https://doi.org/10.3168/jds.2020-18853. 

25. Bu, D.P.; Wang, J.Q.; Dhiman, T.R.; Liu, S.J. Effectiveness of oils rich in linoleic and linolenic acids to 

enhance conjugated linoleic acid in milk from dairy cows. J. Dairy Sci. 2007, 90, 998-1007, 

doi:https://doi.org/10.3168/jds.S0022-0302(07)71585-0. 

26. Flowers, G.; Ibrahim, S.A.; AbuGhazaleh, A.A. Milk fatty acid composition of grazing dairy cows when 

supplemented with linseed oil. J. Dairy Sci. 2008, 91, 722-730, doi:https://doi.org/10.3168/jds.2007-0410. 

27. Bauman, D.E.; Griinari, J.M. Regulation and nutritional manipulation of milk fat: low-fat milk syndrome. 

Livest. Prod. Sci. 2001, 70, 15-29, doi:http://dx.doi.org/10.1016/S0301-6226(01)00195-6. 

28. Harvatine, K.J.; Bauman, D.E. SREBP1 and thyroid hormone responsive spot 14 (S14) are involved in the 

regulation of bovine mammary lipid synthesis during diet-induced milk fat depression and treatment with 

CLA. J. Nutr. 2006, 136, 2468-2474, doi:https://doi.org/10.1093/jn/136.10.2468. 

29. Chilliard, Y.; Ferlay, A. Dietary lipids and forages interactions on cow and goat milk fatty acid composition 

and sensory properties. Reprod. Nutr. Dev. 2004, 44, 467-492, doi:https://doi.org/10.1051/rnd:2004052. 

30. Paape, M.; Poutrel, B.; Contreras, A.; Marco, J.C.; Capuco, A. Milk somatic cells and lactation in small 

ruminants. J. Dairy Sci. 2001, 84, E237-E244. 

31. Bernard, L.; Rouel, J.; Leroux, C.; Ferlay, A.; Faulconnier, Y.; Legrand, P.; Chilliard, Y. Mammary lipid 

metabolism and milk fatty acid secretion in alpine goats fed vegetable lipids. J. Dairy Sci. 2005, 88, 1478-

1489, doi:https://doi.org/10.3168/jds.S0022-0302(05)72816-2. 

32. Praagman, J.; Vissers, L.E.T.; Mulligan, A.A.; Laursen, A.S.D.; Beulens, J.W.J.; van der Schouw, Y.T.; 

Wareham, N.J.; Hansen, C.P.; Khaw, K.T.; Jakobsen, M.U.; et al. Consumption of individual saturated fatty 

acids and the risk of myocardial infarction in a UK and a Danish cohort. Int. J. Cardiol. 2019, 279, 18-26, 

doi:https://doi.org/10.1016/j.ijcard.2018.10.064. 

33. Beyzi, S.B.; Gorgulu, M.; Kutlu, H.R.; Konca, Y. The effects of dietary lipids and roughage level on dairy 

goat performance, milk physicochemical composition, apparent transfer efficiency and biohydrogenation 

rate of milk fatty acids. J. Agric. Sci. 2020, 158, 288-296, doi:https://doi.org/10.1017/S0021859620000568. 

34. Griinari, J.M.; Bauman, D.E. Biosynthesis of conjugated linoleic acid and its incorporation into meat and 

milk in ruminants. In Advances in conjugated linoleic acid research, Yurawecz, M.P., Mossoba, M.M., Kramer, 

J.K.G., Pariza, M.W., Nelson, G.J., Eds.; AOCS Press: Champaign, IL, 1999; Volume 1, pp. 180–200. 

35. Bernard, L.; Leroux, C.; Rouel, J.; Delavaud, C.; Shingfield, K.J.; Chilliard, Y. Effect of extruded linseeds 

alone or in combination with fish oil on intake, milk production, plasma metabolite concentrations and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2023                   doi:10.20944/preprints202305.0602.v1

https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1093/jas/skac039
https://doi.org/10.1016/S0921-4488(96)00959-5
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.12982/VIS.2023.004
https://doi.org/10.3168/jds.2017-12789
https://doi.org/10.3168/jds.S0022-0302(03)73803-X
https://doi.org/10.1016/j.anifeedsci.2004.12.016
https://doi.org/10.3168/jds.2020-18853
https://doi.org/10.3168/jds.S0022-0302(07)71585-0
https://doi.org/10.3168/jds.2007-0410
http://dx.doi.org/10.1016/S0301-6226(01)00195-6
https://doi.org/10.1093/jn/136.10.2468
https://doi.org/10.1051/rnd:2004052
https://doi.org/10.3168/jds.S0022-0302(05)72816-2
https://doi.org/10.1016/j.ijcard.2018.10.064
https://doi.org/10.1017/S0021859620000568
https://doi.org/10.20944/preprints202305.0602.v1


 13 

 

milk fatty acid composition in lactating goats. Animal 2015, 9, 810-821, 

doi:https://doi.org/10.1017/S1751731114003048. 

36. Poppitt, S.D.; Keogh, G.F.; Mulvey, T.B.; McArdle, B.H.; MacGibbon, A.K.; Cooper, G.J. Lipid-lowering 

effects of a modified butter-fat: a controlled intervention trial in healthy men. Eur. J. Clin. Nutr. 2002, 56, 

64-71, doi:https://doi.org/10.1038/sj.ejcn.1601282. 

37. Ferlay, A.; Chilliard, Y. Effect of linseed, sunflower, or fish oil added to hay-, or corn silage-based diets on 

milk fat yield and trans-C18:1 and conjugated linoleic fatty acid content in bovine milk fat. Livest. Sci. 2020, 

235, 104005, doi:https://doi.org/10.1016/j.livsci.2020.104005. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2023                   doi:10.20944/preprints202305.0602.v1

https://doi.org/10.1017/S1751731114003048
https://doi.org/10.1038/sj.ejcn.1601282
https://doi.org/10.1016/j.livsci.2020.104005
https://doi.org/10.20944/preprints202305.0602.v1

