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ABSTRACT 45 

Fourteen organic dairy farms in the northeastern United States were used to evaluate: 1) 46 

seasonal variation in bioactive milk fatty acid (FA) profile from 2012 to 2015; and 2) 47 

supplementation of ground whole flaxseed (GFLX) to maintain elevated concentrations of 48 

bioactive milk FA during the non-grazing season. During regular farm visits, milk, feed, 49 

and pasture samples were collected, and diet composition, milk yield, and milk 50 

composition recorded. During winters of 2013-14 and 2014-15, 9 farms supplemented 51 

GFLX at 6% of diet dry matter to half of each herd (n = 238 cows/treatment). Milk samples 52 

were collected and pooled by treatment (GFLX or control). Data were analyzed using the 53 

MIXED procedure of SAS. A significant month × year interaction (P < 0.05) for omega-3 54 

(n-3) FA showed an increase beginning in April of 2014 through the end of the study. The 55 

proportion of conjugated linoleic acid (CLA) showed a seasonal pattern with greatest (P < 56 

0.05) concentrations (1.32% of total milk FA) during the grazing season. Winter GFLX 57 

supplementation did not impact (P > 0.15) milk yield, concentrations of milk fat or protein; 58 

however, BCS tended (P = 0.08) to be greater for GFLX cows. Compared with the control 59 

diet, GFLX decreased (P < 0.05) total milk saturated FA by 3.1% percentage units, 60 

increased (P < 0.05) n-3 by 62%, and total CLA proportion by 9%. While GFLX 61 

supplementation increased milk n-3, lesser impacts on saturated FA and total CLA 62 

proportions indicated that a greater level of winter supplementation is required to improve 63 

overall milk FA profile during the non-grazing season. 64 

 65 

Keywords: conjugated linoleic acid, flaxseed, grazing, omega-3  66 

67 



3 
 

INTRODUCTION 68 

Bovine milk provides an excellent source of many nutrients essential to human health, 69 

including high-quality protein, vitamins, and minerals (Huth et al., 2006). Lactating dairy cows 70 

on pasture-based diets produce milk with enhanced concentrations of omega-3 (n-3) fatty acids 71 

(FA) and conjugated linoleic acid (CLA) (Bargo et al., 2006; Soder et al., 2006; Brito et al., 72 

2017), which may have beneficial impacts on human health (Simopoulos, 2002; Lock and 73 

Bauman, 2004; Dilzer and Park, 2012). A survey of organic dairy farmers in the northeastern 74 

United States found that development of value-added dairy products, such as milk with enhanced 75 

concentrations of beneficial FA, was a high priority (Pereira et al., 2013). However, feeding 76 

conserved forages during the winter months generally decreases n-3 FA and CLA concentrations 77 

(Schroeder et al., 2003; Bargo et al., 2006). Therefore, organic dairy farmers are seeking dietary 78 

strategies to maintain high concentrations of beneficial FA during the winter months when a 79 

greater proportion of conserved forages are fed compared with the grazing season.  80 

Organic milk processors often rely on marketing strategies based on high concentrations 81 

of n-3 FA and CLA to sell organic milk (Benbrook et al., 2013, 2018), so that year-round 82 

production of milk with enriched bioactive FA appear to be a viable option to consolidate and 83 

open new markets to the organic dairy industry. However, while researchers reported that use of 84 

extruded oilseeds (Dhiman et al., 1999), flaxseed oil (Flowers et al., 2008; Brossillon et al., 85 

2018), or ground whole flaxseed (GFLX; Resende et al., 2015) increased concentrations of 86 

bioactive FA in milk of both confined and grazing dairy cows, results for milk production have 87 

been inconsistent such that broad recommendations have not been established. Therefore, the 88 

objectives of this study were: (1) to assess seasonal variation of bioactive FA (e.g., n-3 and CLA) 89 

in milk from organically-certified dairy cows in the northeastern United States over a 3-yr 90 
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period; and (2) to evaluate the use of GFLX supplementation to maintain concentrations of 91 

bioactive FA during the non-grazing season when an increased proportion of conserved forages 92 

and grain sources are fed on organic dairies in the northeastern United States.  93 

 94 

MATERIALS AND METHODS 95 

Care and handling of the animals used in this research were conducted as outlined in the 96 

guidelines of the Institutional Animal Care and Use Committees of the University of New 97 

Hampshire (IACUC Protocol no. 110605) and The Pennsylvania State University (IACUC 98 

Protocol no. 40124). 99 

 100 

On-farm data collection 101 

Fourteen certified organic dairy farms in Pennsylvania (n = 3), New York (n = 3), Vermont 102 

(n = 3), Maine (n = 3), and New Hampshire (n = 2) participated in this study from 2012 to 2015. 103 

At the initiation of the study in spring of 2012, farmers were surveyed to describe their farms and 104 

overall management practices.  105 

Farm visits occurred twice monthly during the grazing season of each year, and once 106 

monthly during the winter season. During the 3-yr data collection period, pasture samples were 107 

collected in Maine between the dates of June 14 to October 25, in New Hampshire from May 30 108 

to October 11, in Vermont from May 15 to October 31, in New York from May 2 to October 15, 109 

and in Pennsylvania from May 5 to November 16. 110 

Data collection during each farm visit included pasture samples (during the grazing season), 111 

and year-round samples of any conserved forages (hay, corn silage, haylage, baleage) and 112 

concentrates being fed. Pasture samples were collected for nutrient analysis by clipping a 15 × 113 
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100 cm sward area at ground level in 15 different locations just prior to cows being turned into 114 

that pasture. Pasture samples, conserved forages, and concentrates from each farm were dried in 115 

a forced-air oven for 48 h at 60°C, composited by sample type and farm visit, and ground (1-mm 116 

screen of a Wiley mill; Thomas Scientific, Swedesboro, NJ) before shipment to an independent 117 

laboratory (Dairy One Forage Analysis Laboratory, Ithaca, NY) for analysis of CP, ADF, NDF, 118 

Ca, P, Mg, K, and S. Net energy for lactation (NEL) was estimated using the NRC (2001). 119 

Forages were analyzed using Near Infrared Reflectance spectroscopy [Foss NIR Systems Model 120 

6500 with Win ISI II v1.5 (Laurel, MD)], while grain samples were analyzed using wet 121 

chemistry following methods reported in Resende et al. (2015). Quantities of conserved forages 122 

and any concentrate feeds being fed were recorded during each farm visit. In addition, records 123 

were collected on bulk tank weights, number of cows and milkings included in the bulk tank 124 

weight, and milk components (as reported on most recent milk check). Average daily milk yield 125 

per cow was calculated by dividing the number of cows milked by the bulk tank weight and 126 

number of milkings in the tank. When reliable data for milk yield and components were not 127 

available from the farmer, Dairy Herd Improvement Association (DHIA; http://www.dhia.org) 128 

data from a sample date not exceeding 7 d from the farm visit were used. Finally, a milk sample 129 

was taken from the agitated bulk tank during each farm visit, transported on ice, and stored at -130 

80°C for FA analysis.  131 

The following equations (NRC, 2001) were used to estimate DMI of pasture for each 132 

sampling date, based on known amounts and energy concentrations of non-pasture feeds 133 

consumed, energy value of pasture, and milk yield and components.  134 

 135 

http://www.dhia.org/
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DMI from pasture = [Pasture NEL (Mcal/kg)] ÷ [NEL output (Mcal) – NEL from non-pasture 136 

feeds (Mcal)], 137 

where pasture and non-pasture feed NEL estimates were obtained from Dairy One 138 

analysis and total amount (kg) of non-pasture feed consumed was reported at each farm 139 

visit,  140 

where:  141 

NEL output (Mcal) = [NEL for maintenance (Mcal) + NEL for activity (Mcal)] ÷ [100 + 142 

NEL for milk (Mcal)], and 143 

NEL for maintenance (Mcal) = [(kg BW × 0.75)0.08] 144 

NEL for activity (Mcal) = (NEL for maintenance × 0.10) 145 

NEL for milk (Mcal) = 0.4536 × [0.36 + (0.096 × milk fat %)] × kg of milk. 146 

 147 

During 15 farm visits to Farm 12 over the 3 grazing seasons, total conserved feed amounts 148 

consumed were unavailable. On this farm, significant amounts of feed refusals were found in the 149 

feed bunk and on 5 of the visits during the grazing season, milk fat and protein concentrations 150 

were inverted, thereby interfering with the use of the energy balance equation reported above. 151 

This farm had recently transitioned to certified organic dairy production and the owner was 152 

working to optimize milk yield through the use of conserved forages and concentrates while still 153 

meeting the USDA National Organic Program “Pasture Rule” requirement, which calls for a 154 

minimum of 30% DMI from pasture for at least 120 d during the grazing season (USDA-AMS, 155 

2010). It is also important to note that this farm was in a steep learning curve regarding how to 156 

feed grazing dairy cows and trying to maintain high milk yield, which may help explain the 157 

inversion of milk fat and protein.  158 
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A visual evaluation of pasture species composition was recorded during each farm visit 159 

during the grazing season by trained personnel who recorded proportions of pasture made up of 160 

grasses, legumes, and weeds at 100 random spots within the pasture. Body condition score 161 

(Wildman et al., 1982) and BW (Weight-By-Breed Tape; Nasco, Fort Atkinson, WI) were 162 

recorded by a single observer at 60-d intervals on 20% of the total milking herd or 20 cows, 163 

whichever number was larger, for the entire duration of the study. 164 

 165 

Winter flaxseed feeding experiments 166 

Of the 14 farms participating in this study, 9 farms (2 in Pennsylvania, 2 in Maine, 1 in 167 

Vermont, 2 in New York, and 2 in New Hampshire) were selected to evaluate the impacts of 168 

GFLX supplementation on milk FA composition during the winter months (approximately 90 d) 169 

of 2013-14 and 2014-15 (n = 476 total cows per year). Farms were selected based on farmers’ 170 

willingness to supplement GFLX with their winter ration (either in a TMR or component fed 171 

system) and ability to split the herd into 2 supplemental feeding groups. Additionally, the 3 172 

farms that fed forage exclusively (1 in Pennsylvania, 1 in Vermont, and 1 New York) were 173 

excluded from this portion of the study. Farmers were asked to randomly assign lactating cows to 174 

a GFLX supplement or control treatment. Cows were either grouped separately according to 175 

treatment and had GFLX mixed into the TMR (n = 2 farm) or identified with colored collars and 176 

individually fed grain in the parlor (n = 1 farm) or when cows were in tie stalls (n = 6 farms).  177 

Certified organic GFLX (ground full-fat seed; AgMotion Specialty Grains, Minneapolis, 178 

MN) was supplemented at 6% of diet DM, according to Resende et al. (2015), who reported 179 

increased concentrations of milk n-3 FA and CLA concentrations when feeding 5% GFLX (DM 180 

basis), but decreased milk yield and DMI at greater supplementation rates (i.e., 10 and 15% 181 
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GFLX). Additionally, Soder et al. (2012) fed 0, 5, 10, or 15% (% of total DM fed) GFLX to a 182 

pasture diet during dual-flow continuous culture fermentation and found that nutrient 183 

digestibility decreased linearly with feeding incremental amounts of GFLX, particularly at the 10 184 

and 15% supplementation levels. Amounts of GFLX supplemented in the current study ranged 185 

from 0.80 to 1.67 kg of DM, depending on individual DMI of the various herds. Flaxseed was 186 

incorporated into the diets by replacement of soybean meal or other protein and energy 187 

supplemental feeds to maintain isonitrogenous and isocaloric diets as much as possible. 188 

Milk samples were collected (January through April of 2014 and 2015) concurrently with 189 

scheduled DHIA tests from individual cows within treatment starting at approximately 30 d after 190 

the initiation of the study on each farm. Milk collections were typically alternated to include a.m. 191 

and p.m. milkings at every other test date. Additionally, individual cow milk yield and milk 192 

components were collected from the resulting DHIA test. Milk samples from cows fed with or 193 

without GFLX were pooled by treatment according to milk weights to yield a representative 194 

sample of that found in the bulk tank. Milk samples were stored, without preservative, at -80°C 195 

until FA analysis. Data collection from the farms not participating in the winter GFLX feeding 196 

experiments continued as previously described to document seasonal variation in FA 197 

composition. 198 

Milk samples were analyzed for FA concentration in 2 different laboratories to 199 

accommodate labor and timeliness of sample analysis. A subset of samples were analyzed at 200 

both locations to validate the analytical results. Milk samples obtained at the initiation of the 201 

project (summer 2012) until the initiation of the GFLX feeding experiments (winter 2013-14) 202 

were analyzed at the University of Vermont (Burlington, VT). The remaining samples, including 203 

milk samples from the GFLX experiments (winter 2013-14 and 2014-15) and samples from the 204 
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remainder of the year and herds not included in the GFLX experiments (winter 2013-14 to spring 205 

2015), were analyzed at The Pennsylvania State University (University Park, PA). Milk FA were 206 

analyzed using gas-liquid chromatography as reported in Resende et al. (2015) for samples 207 

analyzed at the University of Vermont and according to Rico and Harvatine (2013) for samples 208 

analyzed at The Pennsylvania State University. Pasture and non-pasture feeds were also analyzed 209 

for FA at The Pennsylvania State University using gas-liquid chromatography after direct 210 

methylation following the methods of Sukhija and Palmquist (1988).     211 

 212 

Statistical analysis 213 

 Descriptive statistics of milk yield, milk components, milk SCC, and dietary proportion of 214 

pasture were generated using the SUMMARY procedure of SAS (SAS Institute Inc., Cary, NC). 215 

Seasonal variation of total n-3 FA and CLA were analyzed using the MIXED procedure of SAS, 216 

with month included as a fixed effect and farm as a random effect. For the GFLX feeding 217 

experiments, milk yield, milk components, milk SCC, and milk FA profile were analyzed using 218 

the MIXED procedure of SAS, where treatment (GFLX or control) was included as a fixed effect 219 

and farm was included as a random effect. Farm was the experimental unit for both the seasonal 220 

analysis and the GFLX feeding experiment. Least squares means were reported using Tukey’s 221 

test for detecting differences between means. Significance was declared when P < 0.05 and 222 

tendencies when P > 0.05 and < 0.15. Interactions between fixed effect, month and year were 223 

evaluated for all data. 224 

 225 

 226 

 227 



10 
 

RESULTS AND DISCUSSION 228 

General farm information 229 

 The number of milking cows on each farm ranged from 12 to 66 (mean = 44). Holstein-230 

Jersey crossbred, Holstein, and Jersey were the predominant genetics, whereas Dutch Belted, 231 

Milking Shorthorn, Ayrshire, Guernsey, and Brown Swiss were represented in smaller numbers, 232 

mostly as crossbred cows. Descriptive statistics of milk yield, milk components, milk SCC, and 233 

average proportion of pasture in the diets are presented in Table 1. Milk yield averaged 19.3 kg/d 234 

and ranged from 5.4 to 40.9 kg/d for the duration of the study. Furthermore, milk fat 235 

concentration averaged 4.11% and ranged from 2.10 to 6.60%. Milk true protein concentration 236 

averaged 3.21% and ranged from 1.97 to 4.40% across all farms throughout the study. Somatic 237 

cell count (× 1,000) averaged 332 and ranged from 13 to 1,023 during the study.  238 

 On average, cows received 63.8% of diet DM from pasture during the grazing season, with a 239 

range of 3.33 to 100% (Table 1). On the dates when pasture DM was below the minimum of 240 

30% required by the USDA-National Organic Program, it was due to transitioning onto or off 241 

pasture, or occurred during summer droughts when a greater than usual amount of supplemental 242 

feed was offered due to low pasture availability. Of the 14 farms included in this study, 2 fed a 243 

TMR, 3 offered only forage, and the remaining 9 were component-fed herds. All farms met the 244 

minimum annual USDA-National Organic Program Pasture Rule requirements as confirmed by 245 

their respective organic certifiers.  246 

Descriptions of milk yield, milk components, milk SCC, cow BCS and BW, feeding strategy, 247 

and proportion of pasture in the diet on individual farms is presented in Table 2. Average pasture 248 

CP (19.5%), NDF (51.0%), ADF (31.4%), and energy (NEL = 1.39 Mcal/kg) values (data 249 

presented in Hafla et al., 2016) were within range of previous reports in the northeastern United 250 
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States under various grazing practices (Soder and Muller 2007; Hafla et al., 2014; Brito et al., 251 

2017). Further description of farm management as collected from farmer surveys and 252 

comprehensive pasture nutritional analysis were previously reported by Hafla et al. (2016).  253 

Pasture availability and botanical composition of farms over the duration of the study are 254 

presented in Table 3. There was a month × year interaction (P = 0.01) for pasture biomass yield, 255 

which is not unusual as environmental conditions varied throughout the growing seasons and 256 

across years. Pasture yield was greatest during all months of the 2012 grazing season (average of 257 

1,320 kg/ha), except for May, when pasture yield was greater (P = 0.03) in 2013 (1,265 vs. 1,249 258 

kg/ha). Generally, pasture yield was least during the grazing season of 2014 (average of 871 259 

kg/ha), except in September, where yield was slightly greater (P < 0.01) in 2014 compared to 260 

2013 (899 vs. 888 kg/ha). Furthermore, the proportions of grasses and legumes within pastures 261 

were impacted by year (P = 0.04 and P < 0.01, respectively) as discussed below. Despite these 262 

significant changes in pasture yield across seasons and years, the actual differences were small 263 

and likely not biologically relevant as farms would adjust paddock size to provide sufficient 264 

pasture allowance.  265 

 266 

Feed FA composition and seasonal variation in milk FA 267 

The FA profile of pasture and non-pasture feeds (i.e., conserved forages and concentrates) 268 

are presented in Tables 4 and 5, respectively. Even though FA was not analyzed from all pasture, 269 

conserved forage, and concentrates from the 14 participant farms, our FA data are representative 270 

of feeds used across New Hampshire, Maine, Vermont, Pennsylvania, and New York dairies. As 271 

expected, there was some seasonal and year-to-year variation in FA, likely as a result of changes 272 

in pasture botanical composition (see Table 3) and plant growth stage (Boufaïed et al., 2003; Mir 273 
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et al., 2006). α-Linolenic acid (cis-9, cis-12, cis-15 18:3) was the FA with greatest proportion 274 

found in pasture samples from 2012 to 2014 followed by 16:0 and linoleic acid (cis-9, cis-12 275 

18:2), which agree with our previous research (Brito et al., 2017).  276 

Similarly, α-linolenic acid was the predominant FA observed in baleage (mean = 36.1 g/100 277 

g FA), hay (mean = 29.8 g/100 g FA), and haylage (mean = 41.1 g/100 g FA), followed by 16: 0 278 

and linoleic acid (Table 5), thus corroborating results from earlier studies (Boufaïed et al., 2003; 279 

Brito et al., 2015; Brossillon et al., 2018). In corn silage, linoleic acid showed the greatest 280 

proportion, with oleic acid (cis-9 18:1) and 16:0 result in the second and third high proportions, 281 

respectively (Table 5). Kahn et al. (2012) reported that linoleic acid, oleic acid, and 16:0 were 282 

the FA with the greatest proportions found in corn silage harvested at different maturity stages. 283 

Oleic acid and 16:0, followed by linoleic acid, were the predominant FA present in all 4 grain 284 

mix sampled during the winter, spring, summer, and fall (Table 5). Corn grain (ground and 285 

cracked), soybean (meal and roasted), and canola meal are commonly used in generic grain mix 286 

supplements fed in the Northeast, hence consistent with the increased proportions of oleic acid, 287 

16:0, and linoleic acid. Brossillon et al. (2018) reported that after linoleic acid, oleic acid and 288 

16:0 were the FA found in second and third greatest proportions in soybean meal, roasted 289 

soybean, and ground and cracked corn. According to Hristov et al. (2011), oleic acid followed by 290 

linoleic acid and 16:0 were the most prominent FA present in canola meal (Hristov et al., 2011). 291 

As expected, α-linolenic acid was the FA with the greatest proportion in GFLX, which agrees 292 

with our previous research (Resende et al., 2015).             293 

Seasonal variations in n-3 FA and CLA in milk from 2012 to 2015 are presented in Figures 1 294 

and 2, respectively. Significant month × year interactions were found for n-3 FA in milk, 295 

showing an increase at the start of the 2014 grazing season (April) through the end of the study. 296 
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Wyss et al. (2010) evaluated n-3 FA in milk during 2 grazing seasons, and found little variation 297 

during the first grazing season but reported an increase in n-3 FA during the second grazing 298 

season. These authors suggested that the differences in n-3 FA across years were related to the 299 

varying FA concentrations in the pasture, particularly α-linolenic acid (Wyss et al., 2010). 300 

Furthermore, Butler et al. (2011) reported a significant impact of year of sampling when 301 

evaluating the FA composition of organic and conventional retail milk in northeastern England, 302 

where n-3 FA and CLA concentrations were greater during the first year of sampling compared 303 

to the second year. They attributed these yearly differences to a divergence in fresh and 304 

conserved forage availability and intake and fresh pasture nutritive value as a result of 305 

contrasting weather patterns during the 2 years (Butler et al., 2011).  306 

Pasture nutritive value has been found to impact the proportion of individual FA in the milk 307 

of lactating cows, with declining forage quality resulting in lesser concentrations of PUFA and 308 

CLA in milk (Mackle et al., 1999; Thomson and Van Der Poel, 2000). Hafla et al. (2016) 309 

previously detailed forage nutritive value of the pasture samples taken for the current study, 310 

where significant differences by year were reported for NDF, NEL, Ca, Mg, and K. Furthermore, 311 

pasture species diversity as evaluated by visual estimations of proportions of grasses, legumes, 312 

and weeds changed over the 3-yr study (P < 0.01; Table 3). The proportion of grasses decreased 313 

(P = 0.04) from approximately 61% of the pasture species during the grazing season of 2012 to 314 

50% of pasture species in 2014. Consequently, the proportion of legumes made up a greater 315 

proportion of the pastures by increasing from 22 to 37% from 2012 to 2014. Several studies 316 

reported increased concentrations of α-linolenic acid in milk when cows were offered red and 317 

white clover silages compared to grass silage (Dewhurst et al., 2003; Al-Mabruk et al., 2004). 318 

Finally, even though all farms used some degree of pasture during the grazing season, they 319 
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differed greatly in their yearlong feeding strategies, where 3 farms fed forage only (pasture, hay, 320 

baleage, silage or haylage), 2 farms fed TMR, and the remaining 9 farms fed varying amounts of 321 

grain or corn silage as part of component feeding management. Differences in feeding strategy 322 

have been reported to impact milk FA composition, such that replacing pasture with increasing 323 

concentrations of conserved forages and concentrates in the diet decrease desirable PUFA 324 

(Elgersma et al., 2003; Schroeder et al., 2003; Larsen et al., 2010). Even though analysis by 325 

feeding strategy was beyond the scope of our study, differences in feeding management practices 326 

likely contributed to the variation in FA concentrations within and across seasons. Differences in 327 

forage nutritional profile, species composition, and supplemental feed offered during the grazing 328 

season across years may help explain the month x year interactions for n-3 FA in milk observed 329 

in the current study.  330 

Significant seasonal variation was found for CLA concentrations of milk from grazing cows 331 

(Figure 2), with the greatest sustained concentrations found during the grazing season (May to 332 

October). A tendency for a month by year interaction was found (P = 0.13); however, this was 333 

due to the significant variation of milk CLA across farms in the early spring (April), when some 334 

farms were using pasture and others were not yet, due to differing environmental conditions. 335 

Numerous studies found significant relationships between the proportion of pasture in the diet 336 

and milk concentrations of CLA (Schroeder et al., 2004; Bargo et al., 2006; Larsen et al., 2010). 337 

The relationship between DMI from pasture and CLA concentrations of milk creates a distinct 338 

pattern of seasonal variation associated with the grazing season. A review of 25 studies 339 

conducted by Schroeder et al. (2004) found that CLA concentrations in milk from cows 340 

consuming varying levels of pasture increased by an average of 134%, compared to cows 341 

consuming TMR diets. Our feed FA data showed that the proportion of α-linolenic acid was 342 
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numerically greater in pasture (Table 4) than in conserved forages (Table 5), which is consistent 343 

with the seasonal variation observed for milk CLA (Figure 2).   344 

 345 

Winter flaxseed feeding experiments 346 

 A total of 9 farms participated in the winter GFLX feeding experiments over 2 yr. However, 347 

data from 2 farms were removed from the analysis as Farm 7 fed GFLX to all cows every other 348 

month during the winter months, and Farm 13 did not reliably feed the advised amount of GFLX.  349 

Milk yield, milk components, milk SCC, and BCS from cows receiving a diet supplemented 350 

with or without GFLX during the months of January through April of 2014 and 2015 are 351 

presented in Table 6. Milk yield, as well as concentrations of milk fat, milk true protein, and 352 

SCC were similar (P > 0.15) between treatments. Mean BCS tended to be greater (P = 0.08) for 353 

cows supplemented with GFLX compared to control cows. Flaxseed was substituted for a corn 354 

grain/soybean concentrate mix on each farm to maintain CP and the intention was that energy 355 

concentrations relatively similar between treatments. In situations where GFLX replaces soybean 356 

meal or roasted soybeans, the amounts of commodities require adjustment to maintain the same 357 

CP level in the diet. For example, Resende et al. (2015) reported the CP of GFLX, soybean meal, 358 

and roasted soybeans to be 22.8, 48.6, and 40.1%, respectively. Furthermore, due to the fat 359 

content of GFLX (33.6% crude fat, DM) compared to soybean meal (5.96% crude fat) and 360 

roasted soybeans (20.4% crude fat, DM) (Resende et al., 2015), GFLX has the potential to 361 

provide more energy to the diet when used instead of soy products, with no other adjustments 362 

made. 363 

 Concentrations of SFA, MUFA, and PUFA in milk from cows receiving a diet supplemented 364 

with or without GFLX are presented in Figure 3. Compared with cows in the control treatment, 365 
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those supplemented with GFLX produced milk that had lesser (P < 0.01) concentrations of SFA 366 

(70.5 vs. 67.4% total FA), and greater (P < 0.01) concentrations of MUFA (25.2 vs 27.8% total 367 

FA) and PUFA (4.3 vs 4.8% total FA). These results are similar to those reported by Resende et 368 

al. (2015) who observed that feeding increasing levels of GFLX (0, 5, 10 and 15% of diet DM) 369 

to organically-certified Jersey cows significantly decreased milk SFA, and increased MUFA and 370 

PUFA concentrations. Decreased SFA in milk from cows supplemented with GFLX resulted 371 

from lesser (P < 0.05) concentrations of several individual SFA, most notably 16:0, which 372 

decreased by 17% (Table 7). Milk 18:0 was the only SFA found to be greater (P < 0.01) in cows 373 

supplemented with GFLX compared with cows in the control treatment (15.0 vs 12.5% total FA, 374 

respectively). These results are in line with Resende et al. (2015) who also noted an increase in 375 

18:0 in milk with increasing levels of GFLX supplementation. Decreased 16:0 and increased 376 

18:0 in milk is consistent with the inverse relationship between de novo synthesis of FA and 377 

intake of PUFA (Palmquist et al., 1993; Chilliard et al., 2000). In addition, Loor et al. (2004) 378 

reported that, compared with the control diet, supplementation with flaxseed oil increased the 379 

ruminal biohydrogenation of α-linolenic acid and the duodenal flow of 18:0 in lactating dairy 380 

cows. 381 

Trans 18:1 FA proportions, including trans-11 and trans-10, were greater (P = 0.02 and P < 382 

0.01, respectively) in milk from cows supplemented with GFLX compared to control cows 383 

(Table 7). Trans-11 18:1 was the predominant trans FA isomer found in milk and its increase is 384 

consistent with results reported by Resende et al. (2015) who found a linear increase in trans-11 385 

18:1 when cows were fed incremental levels of GFLX. Trans-11 18:1 is formed during ruminal 386 

biohydrogenation as an intermediate from dietary linoleic and linolenic acid, and may escape the 387 

rumen, allowing increased concentrations in the milk (Lock and Bauman, 2004). Trans-10 18:1 388 
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FA is associated with alterations in ruminal biohydrogenation of dietary PUFA, which can 389 

accompany diet-induced milk fat depression (Harvatine et al., 2009). However, milk fat 390 

concentrations were not different between treatments in the current study. Lerch et al. (2012) 391 

observed that supplementing dairy cows consuming a grass-based diet with extruded flaxseed 392 

increased total milk trans FA content. Both SFA and trans FA from industrial sources 393 

(hydrogenated vegetable oils) are considered to be detrimental to human health, as they are 394 

associated with a greater risk of coronary heart disease (NRC, 1989). In contrast, an increased 395 

risk of coronary heart disease from natural sources of trans FA, such as those in animal products, 396 

have not been established. Furthermore, Turpeinen et al. (2002) reported that 20% of dietary 397 

trans-11 18:1 consumed by humans is converted to CLA.  398 

Supplementation with GFLX at 6% of diet DM increased (P < 0.01) total n-3 FA 399 

concentrations of milk during the winter months by 62% (1.39 vs. 0.73% of total FA for GFLX 400 

and control cows, respectively; Table 7). Furthermore, no impact (P = 0.24) on the sum of n-6 401 

FA were found between treatments. These effects are similar to those reported by Resende et al. 402 

(2015), who found that n-3 FA in milk from Jersey cows consuming a high forage diet 403 

supplemented with 5% of diet DM as GFLX were greater compared to cows receiving no GFLX 404 

(0.94 vs. 0.64% of total milk FA, respectively). Stergiadis et al. (2014) supplemented 405 

conventionally fed and grazing dairy herds with varying levels of rolled flaxseed (6.6 to 10% diet 406 

DM) and reported significant increases in n-3 FA content, ranging from 29 to 94%, when 407 

compared with the control herds, but found no impact on the concentrations of n-6 FA between 408 

treatments. The increase in total n-3 FA associated with the supplementation of flaxseed found in 409 

the current study and others (Stergiadis et al., 2014; Resende et al., 2015) is largely due to the 410 

increase in α-linolenic acid, which is the predominant n-3 FA in milk. The concentration of α-411 
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linolenic was 48% greater (P < 0.01) in the milk from cows supplemented with GFLX compared 412 

with cows in the control diet (1.23 vs. 0.83% of total FA, respectively).  413 

Supplementation with GFLX increased (P = 0.01) total CLA concentrations of milk during 414 

the winter months by 9.0% (0.73 vs. 0.67% of total FA for GFLX and control cows, respectively; 415 

Table 7). Increased milk CLA concentrations in response to supplementation with rolled flaxseed 416 

have been well documented (Collomb et al., 2004; Stergiadis et al., 2014; Resende et al., 2015). 417 

Resende et al. (2015) reported a modest 15% increase in milk CLA concentrations in cows 418 

supplemented with GFLX at 5% of diet DM, compared to control cows (0.56 vs. 0.48% of total 419 

milk FA, respectively). Conjugated linoleic acid is formed as an intermediate in ruminal 420 

biohydrogenation of dietary PUFA; however, it is recognized that most milk cis-9, trans-11 CLA 421 

(> 70% of total milk CLA) is endogenously synthesized in the mammary gland by the enzyme 422 

Δ9-desaturase using trans-11 18:1 as the substrate (Bauman and Lock, 2006).  423 

Supplementing winter diets with GFLX decreased total milk SFA concentrations and 424 

increased the concentrations of nutritionally desirable n-3 FA, CLA, and trans-11 18:1 FA. 425 

Decreasing total concentrations of SFA in milk has been suggested as a way of improving milk 426 

quality, as 12:0, 14:0, and 16:0 are traditionally associated with negative impacts on human 427 

health, such as an increased risk of cardiovascular diseases (Temme et al., 1996; Li et al., 2015). 428 

Total SFA concentrations were reduced by 3.1-percentage units of total FA with GFLX 429 

supplementation; however, it has been suggested that a 15-percentage unit reduction in SFA 430 

concentrations of retail milk would be required for a biological impact on human health (Givens, 431 

2008). Stergriadis et al. (2014) reported a 14.6-percentage unit decrease in total milk SFA 432 

concentrations when rolled flaxseed was supplemented to organic dairy cows, but the amount of 433 

flaxseed supplementation fed was greater than in the current study (i.e., 10 vs. 6% of diet DM, 434 
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respectively).  435 

Winter supplementation of GFLX significantly increased n-3 FA concentrations to 1.39% of 436 

total milk FA, which is numerically greater than the greatest sustained n-3 FA concentrations 437 

observed during the grazing season of 2014 that ranged from 1.09 to 1.27% of total milk FA. 438 

While CLA concentrations of milk tended increased modestly with GFLX supplementation to a 439 

level of 0.73% of total milk FA, this feeding strategy did not fully compensate for the levels of 440 

CLA found during the grazing season, which ranged from 1.14 to 1.32% of total milk FA.  441 

It is reasonable to conclude that a greater level of GFLX supplementation would be necessary 442 

than what was used in the current study to improve all beneficial FA profiles in milk on a 443 

consistent basis, across all types of feeding strategies. Stergiadis et al. (2014) reported that high 444 

forage diets supplemented with 10% of diet DM of rolled flaxseed maximized the effects of 445 

decreasing milk SFA and increasing n-3 FA and CLA concentrations. However, the authors 446 

concluded that while flaxseed supplementation did increase the nutritionally desirable FA, this 447 

feeding strategy did not fully compensate for the lack of fresh forage from pasture in winter diets 448 

(Stergiadis et al., 2014). Additionally, Resende et al. (2015) reported that whereas feeding GFLX 449 

at 15% of diet DM to lactating cows resulted in the greatest milk CLA and n-3 FA 450 

concentrations, it also decreased milk yield while Soder et al. (2012) showed decreased nutrient 451 

digestibility during a dual-flow continuous culture study.  452 

 453 

IMPLICATIONS 454 

Value-added milk is a potential area of growth for dairy products, but it is important for 455 

dairy farmers to implement the required management approaches to produce a consistent product 456 

throughout the year, while using low-cost feeds. Winter diet supplementation with GFLX had 457 
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positive impacts on the bioactive FA in milk of organic dairy cows. However, a level of 458 

supplementation greater than 6% of the diet DM with GFLX may be required to maintain 459 

concentrations of n-3 FA and CLA without pasture. Previous research has indicated that high 460 

levels of GFLX supplementation negatively impacted milk yield and nutrient digestibility. If 461 

dairy producers were to participate in a value-added milk program aimed at decreased 462 

concentrations of SFA, and increased concentrations of n-3 FA and CLA, it would be necessary 463 

for milk premiums to be valued to compensate for the potential reduction in total milk output and 464 

milk components. 465 
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  690 

Table 1. Descriptive statistics of milk yield and components, SCC, and proportion of pasture 
in diets of 14 organic dairy farms across the northeastern United States from 2012 to 2015. 

Item n Mean1 SD1 Min1 Max1 

Milk yield, kg 591 19.3 5.88 5.44 40.9 
Milk fat, % 469 4.11 0.61 2.10 6.60 
Milk protein, % 457 3.21 0.28 1.97 4.40 
SCC, x 1,000 332 211 65.3 13.0 1023 
Pasture, % of diet DM2 298 64.6 26.1 3.33 100 
1Mean, standard deviation (SD), minimum (Min), and maximum (Max) values across all farms from 
2012 to 2015 
2Average pasture % in diet (DM) during the grazing seasons of 2012 to 2014, estimated by energy 
balance equations (NRC, 2001). 
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  691 

Table 2. Description of cow numbers, milk yield, milk components, milk SCC, BW, BCS and feeding strategy of organic dairy 
farms in the northeastern United States. 

Farm 
No. 
Milk 

Cows1 

Avg. 
Milk 

Yield, 
kg2 

Avg. 
Milk 
Fat, 
%2 

Avg. 
Milk 

Protein, 
%2 

Avg. 
SCC         

x 1,000 
Avg. 
BCS 

Avg. 
BW, 
kg 

Feeding 
Strategy3 

Avg. % 
Pasture 
in diet 
(DM)4 

Avg. Length 
of pasture 

sampling, d 

Maine           
  1 40 21.4 3.81 3.09 266 2.94 560 F + C 56.5 130 
  2 12 10.9 4.12 3.10 187 3.23 545 F + C 86.6 121 
  3 65 17.0 4.76 3.42 208 1.86 431 F + C 65.4 131 
New Hampshire           
  4 44 20.1 3.80 3.03 200 3.02 587 F + C 67.2 105 
  5 25 20.5 4.16 3.16 137 3.09 589 F + C  71.7 108 
Vermont           
  6 20 16.8 4.55 3.36 206 2.90 508 All forage 94.1 149 
  7 66 29.6 3.68 3.18 145 3.03 592 TMR 37.7 138 
  8 23 18.2 4.86 3.60 263 3.77 455 F + C 62.7 130 
New York           
  9 50 23.7 3.89 2.87 187 3.21 612 F + C  46.8 129 
  10 43 19.9 3.93 3.03 217 3.35 621 F + C 34.6 123 
  11 65 13.6 4.08 3.03 329 - - All forage 97.3 171 
Pennsylvania           
  12 55 22.7 3.65 3.27 206 3.21 616 TMR 35.5 137 
  13 50 15.8 3.80 3.17 268 2.74 622 F + C 60.3 163 
  14 55 12.0 4.24 3.30 261 2.86 559 All forage 82.9 176 
1Number of milk cows, as farmers reported in survey. 
2Average milk yield, milk fat %, and milk true protein %, as collected from 2012 to 2015, for all seasons. 
3F+C = conserved forages and concentrates fed in addition to pasture during the grazing seasons; TMR = Total mixed ration, including 
concentrate and conserved forages; All forage = pasture and conserved forages during the grazing season, and only conserved forages 
during winter. 
4Average pasture % in diet (DM) during the grazing seasons of 2012 to 2014, estimated by energy balance equations (NRC, 2001). 
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Table 3. Pasture availability and botanical composition of participating farms in the northeastern 
United States during the 2012, 2013, and 2014 grazing seasons. 
 2012 (SE1) 2013 (SE1) 2014 (SE1) Year Month × Year 
      
   Pasture availability,   
                        kg/ha 

1,320 (185) 1,048 (151) 871 (161) < 0.01 0.01 

Botanical composition      
   Grasses, % 61 (6) 54 (6) 50 (6) 0.04 0.16 
   Legumes, % 22 (5) 29 (4) 37 (5) < 0.01 0.07 
   Weeds, % 13 (3) 13 (2) 15 (3) 0.68 0.49 
1SE = standard error of the mean presented in parenthesis. 
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Table 4. Concentration of total and individual fatty acids (FA) in pasture samples collected from 2012 to 2014 in 11 northeastern organic dairy farms in the 
United States1   
 Spring2  Summer3  Fall4 

Item 2012 2013 2014  2012 2013 2014  2012 2013 2014 
FA, % - 1.56 ± 0.28 1.89 ± 0.62  1.61± 0.42 1.64 ± 0.43 1.62 ± 0.47  1.99 ± 0.25 2.02 ± 0.33 1.91 ± 0.29 
 ----------------------------------------------------------------------FA, g/100 g of total FA---------------------------------------------------------------------- 
14:0 - 0.68 ± 0.16 0.75 ± 0.15   0.84 ± 0.33 0.65 ± 0.10 0.75 ± 0.15  0.77 ± 0.28 0.63 ± 0.11 0.79 ± 0.13 
16:0 - 21.5 ± 2.31 19.6 ± 1.79  24.7 ± 5.12 21.7 ± 2.83 21.9 ± 2.22  22.2 ± 3.71 18.1 ± 2.31 20.1 ± 2.07 
cis-9 16:1 - 3.70 ± 2.41 2.14 ± 1.26  2.17 ± 1.91 1.74 ± 1.00 1.79 ± 1.40  1.18 ± 0.31 2.01 ± 0.72 1.83 ± 0.43 
18:0 - 2.20 ± 0.18 2.02 ± 0.25  2.99 ± 0.24 2.58 ± 0.35 2.44 ± 0.57  2.74 ± 0.49 2.32 ± 0.49 2.62 ± 0.45 
cis-9 18:1 - 4.25 ± 0.43 2.85 ± 0.82  4.59 ± 1.12 4.18 ± 0.46 3.88 ± 1.09  5.31 ± 0.91 5.30 ± 2.85 4.51 ± 1.90 
cis-11 18:1 - 0.55 ± 0.10 0.46 ± 0.17  0.75 ± 0.43 0.60 ± 0.16 0.58 ± 0.19  0.53 ± 0.11 0.68 ± 0.25 0.60 ± 0.12 
cis-9, cis-12 18:2 - 18.4 ± 1.66 17.0 ± 1.61  16.1 ± 2.47 18.9 ± 1.84 17.6 ± 1.74  18.1 ± 0.40 20.3 ± 5.34 16.6 ± 1.73 
cis-9, cis-12, cis-15 18:3 - 41.3 ± 5.01 47.6 ± 3.79  38.7 ± 5.28 41.4 ± 4.72 43.7 ± 5.25  42.3 ± 2.34 43.7 ± 8.26 45.9 ± 4.02 
Other FA and unknown - 7.43 ± 0.84 7.55 ± 2.59  9.09 ± 1.60 8.31 ± 0.37 7.40 ± 1.41  6.85 ± 0.99 6.87 ± 1.08 7.12 ± 1.30 
1A total of 14 organic dairy farms from NH, ME, NY, PA, and VT participated in the 3-yr study.  
2Spring pasture samples were collected between May 5 and 29 in 2013 (n = 4; ME and PA farms) and May 21 to 30 in 2014 (n = 6; NH, NY, PA, and VT farms). 
3Summer pasture samples were collected between July 6 and 31 in 2012 (n = 5; ME and PA farms), June 4 to August 7 in 2013 (n = 6; ME and PA farms), and June 3 
to July 28 in 2014 (n = 16; NH, ME, NY, PA, and VT farms).   
4Fall pasture samples were collected between September 11 and 18 in 2012 (n = 5; ME and PA farms), September 23 to 25 in 2013 (n = 5; ME and PA farms), and 
September 12 to 20 in 2014 (n = 9; NH, ME, PA, and VT farms). 
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Table 5. Concentration of total and individual fatty acids (FA) in conserved forage, grain mixtures, and ground flaxseed (GFLX) samples collected from 2012 
to 2015 in 11 northeastern organic dairy farms in the United States1   
 Forages and Grain Sources 
Item Baleage2 Corn silage3 Hay4 Haylage5 Grain mix-16 Grain mix-27 Grain mix-38 Grain mix-49 GFLX10 

Total FA, % 1.30 ± 0.25  1.36 ± 0.05  1.04 ± 0.33  2.66 ± 1.12  2.50 ± 0.25  2.39 ± 0.55  2.10 ± 0.35 2.05 ± 0.27 31.1 ± 3.63 
 ------------------------------------------------------------FA, g/100 g of total FA------------------------------------------------------------ 
14:0 0.86 ± 0.17 0.46 ± 0.003 1.05 ± 0.27 0.81 ± 0.25 0.28 ± 0.07 0.28 ± 0.08 0.33 ± 0.13 0.31 ± 0.10 0.05 ± 0.004 
16:0 21.9 ± 2.95 17.2 ± 0.09 26.7 ± 4.09 20.2 ± 3.86 27.4 ± 4.36 26.6 ± 4.51 30.4 ± 4.58 29.3 ± 4.53 5.49 ± 0.23 
cis-9 16:1 2.31 ± 1.57 0.66 ± 0.46 4.19 ± 4.43 1.13 ± 1.58 0.90 ± 0.23 1.09 ± 0.54 1.29 ± 0.48 1.07 ± 0.27 0.08 ± 0.037 
18:0 2.99 ± 0.51 4.08 ± 0.004 3.12 ± 0.76 2.72 ± 0.63 6.18 ± 1.91 4.54 ± 1.80 5.41 ± 1.39 5.43 ± 1.79 3.82 ± 0.11 
cis-9 18:1 5.18 ± 1.45 19.9 ± 0.12 5.41 ± 1.98 4.71 ± 1.61 30.3 ± 1.92 28.1 ± 2.88 29.5 ± 3.47 29.1 ± 3.39 21.3 ± 1.98 
cis-11 18:1 0.69 ± 0.14 1.08 ± 0.003 0.57 ± 0.20 0.69 ± 0.30 1.54 ± 0.19 1.36 ± 0.22 1.38 ± 0.31 1.37 ± 0.26 0.78 ± 0.04 
cis-9, cis-12 18:2 19.7 ± 1.32 42.0 ± 0.38 17.7 ± 3.17 20.0 ± 2.35 20.7 ± 11.4 28.4 ± 10.3 20.4 ± 6.85 22.1 ± 7.33 15.7 ± 0.69 
cis-9, cis-12, cis-15 18:3 36.1 ± 1.35 9.34 ± 0.06 29.8 ± 10.3 41.1 ± 9.93 2.20 ± 0.80 2.19 ± 0.58 1.77 ± 0.45 1.80 ± 0.59 51.6 ± 2.41 
Other FA and unknown 6.70 ± 0.94 4.19 ± 0.07 7.50 ± 2.03 6.08 ± 1.75 3.56 ± 0.88 3.12 ± 0.65 3.72 ± 0.78 3.37 ± 0.78 0.66 ± 0.06 
1A total of 14 organic dairy farms from NH, ME, NY, PA, and VT participated in the 3-yr study.  
2Mixed grass-legume baleage samples (n = 6) collected during farm visits done in the winter 2014 (2 NH farms), spring 2014 (1 NH farm), summer 2013 (1 ME 
farm), and fall 2014 (1 NY farm). 
3Corn silage samples (n = 2) collected during farm visits done in the fall 2014 (1 NY farm). 
4Mixed grass-legume hay samples (n = 30) collected during farm visits done in the winter 2013-2015 (1 NH, 1 PA, and 1 VT farm and 2 ME farms), spring 2013-
2015 (3 ME farms, 1 PA farm, and 2 VT farms), summer 2012-2014 (2 ME farms and 1PA and 1 VT farm), and fall 2012-2014 (2 ME and 2 VT farms and 1 PA 
farm).   
5Mixed grass-legume haylage samples (n = 14 samples) collected during farm visits done in the winter 2013-2015 (3 ME farms, 1 PA farm, and 2 VT farms), 
spring 2013-2015 (2 ME farms, 1 PA farm, and 2 VT farms), summer 2012 (1 PA farm), and fall 2012-2014 (1 ME, 1 NY, and 1 PA farm). 
6Grain mix samples (n = 12) formulated to be fed in the non-pasture season and collected during farm visits done in the winter 2013-2015 (1 NH farm and 3 ME 
farms). 
7Grain mix samples (n = 7) formulated to be fed in the non-pasture season and collected during farm visits done in the spring 2013-2015 (1 NH farm, 3 ME farms, 
1 NY farm).        
8Grain mix samples (n = 10) formulated to be fed in the grazing season and collected during farm visits done in the summer 2012-2014 (2 NH and 3 ME farms). 
9Grain mix samples (n = 7) formulated to be fed in the grazing season and collected during farm visits done in the fall 2012-2014 (1 NH farm and 3 ME farms). 
10GFLX samples (n = 3) fed in the winter feeding trials and collected during farm visits done the winter season 2014-2015 (2 NH farms and 1 ME farm). The same source 
of GFLX (AgMotion Specialty Grains, Minneapolis, MN) was fed in all 9 dairies selected to participate in the winter feeding trials. 
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Table 6. Cow numbers, BCS, milk yield and components, and milk SCC in organic dairy cows 
receiving a diet supplemented with or without (control diet) ground whole flaxseed (GFLX) 
during the months of January through April of 2014 and 2015. 

Item Control diet GFLX diet SE1 P-value2 

No. cows total3 238 238 - - 
BCS 2.76 2.97 0.24 0.08 
Milk yield, kg 21.9 22.4 1.86 0.40 
Milk fat, % 4.21 4.19 0.18 0.93 

Milk fat yield, kg 0.89 0.90 0.07 0.79 
Milk true protein, % 3.15 3.08 0.08 0.27 
Milk protein yield, kg 0.69 0.69 0.05 0.92 
SCC, x 1000 235 243 35.5 0.83 
1Standard error 
2Differences within a row when P ≤ 0.05, tendencies when P ≤ 0.15. 
3Number of cows per treatment in 7 farms participating in the GFLX feeding experiment winters of 
(2013-14 and 2014-15). 
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Table 7. Fatty acid (FA) composition (% of total FA) of milk samples in organic dairy cows receiving a 
diet supplemented with or without (control diet) ground whole flaxseed (GFLX) during the months of 
January through April of 2014 and 2015.  

FA Control 
diet GFLX diet SEM1 P-value2 

4:0 4.13 4.01 0.08 < 0.01 
6:0 2.26 2.17 0.04 0.01 

8:0 1.22 1.16 0.04 < 0.01 

10:0 2.63 2.43 0.13 < 0.01 
12:0 2.93 2.65 0.16 < 0.01 
14:0 10.5 9.69 0.23 < 0.01 
cis-9 14:1  0.75 0.67 0.03 < 0.01 
15:0 1.73 1.56 0.05 < 0.01 
16:0 28.2 23.8 0.58 < 0.01 
cis-9 16:1  1.18 0.92 0.04 < 0.01 
17:0 1.28 1.12 0.05 < 0.01 
cis-9 17:1 0.21 0.16 0.01 < 0.01 
18:0 12.5 15.0 0.41 < 0.01 
trans 6-8 18:1  0.24 0.32 0.02 < 0.01 
trans-9 18:1 0.19 0.25 0.01 < 0.01 
trans-10 18:1 0.26 0.34 0.02 <0.01 
trans-11 18:1 1.55 1.76 0.14 0.02 
trans-12 18:1 0.30 0.48 0.04 < 0.01 
cis-9 18:1  19.5 21.4 0.73 < 0.01 
cis-9, cis-12 18:2 (n-6) 1.93 1.68 0.24 <0.01 
cis-6, cis-9, cis-12 18:3 (n-6) 0.45 0.65 0.04 < 0.01 
cis-9, cis-12, cis-15 18:3 (n-3)  0.83 1.23 0.06 < 0.01 
20:0 0.18 0.16 0.01 0.02 
cis-5, cis-8, cis-11, cis-14 20:4 (n-6) 0.09 0.07 0.01 < 0.01 
cis-5, cis-8, cis -11, cis -14, cis-17 20:5 (n-3) 0.06 0.07 < 0.01 < 0.01 
22:5, cis-7, cis-10, cis-13, cis-16, cis-19 (n-3) 0.09 0.09 0.01 0.62 
Total CLA 0.67 0.73 0.05 0.01 
Sum of n-6 2.49 2.40 0.27 0.24 
Sum of n-3 0.73 1.39 0.11 < 0.01 
Other FA and unknown 1.20 1.25 0.07 0.06 
1Standard error of mean 
2Differences within a row when  P < 0.05 and tendencies when P > 0.05 and < 0.15 
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 718 
 719 
Figure 1. Omega-3 (n-3) fatty acid concentrations as a proportion of total milk fatty acid 720 
concentrations in organic dairy cows from participating farms (n = 14) in the 721 
northeastern United States (2012 to 2015). A month by year interaction was found (P < 722 
0.01); therefore, individual years were plotted separately. 723 
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 725 
 726 
Figure 2. Month by month variation of conjugated linoleic acid (CLA) concentrations in 727 
milk fat in organic dairy cows from participating farms (n = 14) in the northeastern 728 
United States (2012 to 2015). Cows fed ground whole flaxseed were not included in the 729 
analyses during the winter feeding studies. Effect of month (P < 0.01). A tendency for a 730 
month by year interaction was found (P = 0.13) due to the significant variation of milk 731 
CLA across farms in early spring (April), when some farms were on pastures and others 732 
were not yet.  733 
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 751 
Figure 3. Fatty acid composition of milk in organic dairy cows supplemented with or 752 
without (control) ground whole flaxseed (GFLX) during the winter months of 2013-14 753 
and 2014-15. Bar graph grouping representing SFA, MUFA, and PUFA. Standard error 754 
bars for each treatment were 0.81% for SFA, 0.88% for MUFA, and 0.31% for PUFA, 755 
expressed as a proportion of total fatty acids. 756 
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