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ABSTRACT

The objective of our experiment was to evaluate the 
effects of prill size of a palmitic acid–enriched fatty acid 
supplement (PA; 85% C16:0) on feed intake, nutrient 
digestibility, and production responses of dairy cows. 
Twenty-four primiparous and multiparous Holstein 
cows were assigned based on parity and production 
level to replicated 4 × 4 Latin squares balanced for 
carryover effects with 21-d periods. Treatments were 
a control diet (no added PA), or 2.0% PA added as a 
small prill size (PA-SM; 284 ± 12.4 μm), a medium 
prill size (PA-MD; 325 ± 14.7 μm), or a large prill 
size (PA-LG; 600 ± 17.4 μm) supplement. Overall, PA 
treatments increased milk fat content (4.25 vs. 3.99%), 
milk fat yield (1.48 vs. 1.39 kg/d), 3.5% fat-corrected 
milk (39.2 vs. 37.7 kg/d), and improved feed efficiency 
(fat-corrected milk:dry matter intake; 1.51 vs. 1.42) 
compared with control. Compared with control, PA 
treatments did not affect dry matter intake, body 
weight, body condition score, or yields of milk, protein, 
and lactose. The PA treatments increased neutral deter-
gent fiber digestibility (44.8 vs. 42.4%) and reduced the 
digestibility of 16-carbon fatty acids (72.3 vs. 79.1%) 
and total fatty acids (76.6 vs. 80.3%). Compared with 
control, PA treatments reduced the contents of de novo 
synthesized milk fatty acids (23.0 vs. 25.8 g/100 g of 
fatty acids) and preformed milk fatty acids (36.3 vs. 
39.1 g/100 g of fatty acids), but did not affect their 
yields. In contrast, PA treatments increased the content 
(40.8 vs. 35.1 g/100 g of fatty acids) and yield (570 vs. 
436 g/d) of 16-carbon milk fatty acids compared with 
control. The PA prill size had no effect on dry matter 
intake, yield of milk and milk components, or feed ef-
ficiency. However, PA-LG tended to increase milk fat 
content compared with PA-SM (4.28 vs. 4.22%), and it 

increased 16-carbon fatty acid digestibility compared 
with PA-MD (74.2 vs. 71.0%) and PA-SM (74.2 vs. 
71.7%). Additionally, PA-LG increased total fatty acid 
digestibility compared with PA-MD (78.1 vs. 75.6%) 
and PA-SM (78.1 vs. 76.0%). Results demonstrate 
that PA increased milk fat content and yield, and feed 
efficiency. Reducing prill size decreased fatty acid di-
gestibility, but it had no effect on animal performance 
under the dietary conditions and prill sizes evaluated.
Key words: fat supplementation, milk fat, palmitic 
acid, prill size

Short Communication

Fat supplements are commonly used in dairy cow di-
ets to meet energy requirements and increase the yields 
of milk and milk components (Rabiee et al., 2012). 
Supplementation with palmitic acid (C16:0) has been 
reported to increase milk yield, milk fat content and 
yield, and feed efficiency (Mosley et al., 2007; Piantoni 
et al., 2013). However, variation in response to palmitic 
acid has also been reported, with some studies report-
ing no effect on milk yield (Lock et al., 2013; Rico et 
al., 2014) and others reporting increases in milk yield 
(Mosley et al., 2007; Piantoni et al., 2013). Therefore, 
understanding potential factors (e.g., basal diet com-
position, characteristics of fat supplement) that may 
be associated with this variation may allow for more 
precise feeding recommendations.

The particle size of saturated fat supplements has 
been suggested as a factor that may affect fatty acid 
(FA) digestibility and production responses in dairy 
cows (Eastridge and Firkins, 1991). Eastridge and 
Firkins (2000) evaluated a tallow triglyceride supple-
ment with different particle sizes but similar iodine 
values and FA profiles, and observed that reducing the 
particle size increased FA digestibility, milk fat yield, 
and FCM. Our recent meta-analysis indicated that the 
intestinal digestibility of palmitic acid was not reduced 
up to 500 g/d duodenal flow (Boerman et al., 2015). In 
contrast, Piantoni et al. (2013) reported a reduction in 
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16-carbon and total-tract FA digestibility when feeding 
a 99% palmitic acid–enriched supplement (2% of diet 
DM), an effect that was potentially attributed to the 
physical characteristics and particle size of the supple-
ment.

Based on the above-mentioned results, we hypoth-
esized that dairy cow responses to palmitic acid supple-
mentation may differ depending on the prill size of 
the supplement, with a smaller prill size supplement 
increasing FA digestibility. Therefore, the objective of 
our experiment was to evaluate the effects of prill size 
of a palmitic acid–enriched supplement on feed intake, 
nutrient digestibility, and production responses of dairy 
cows.

Experimental procedures were approved by the 
Animal Care and Use Committee of Michigan State 
University. Twenty-four (8 primiparous and 16 mul-
tiparous) mid-lactation Holstein cows at the Michigan 
State University Dairy Field Laboratory were used in 
replicated 4 × 4 Latin squares, balanced for carryover 

effects with 21-d periods. Cows were blocked and as-
signed to squares based on parity and preliminary 3.5% 
FCM. At the beginning of the trial, mean DIM, BW, 
and 3.5% FCM (mean ± SD) were 120 ± 44 d, 660 ± 
53 kg, and 44.3 ± 5.1 kg/d, respectively.

Treatments consisted of a control diet containing 
no supplemental fat (control), and a palmitic acid–
enriched supplement (PA, 85.1 g/100 g of C16:0 FA) 
at 2.0% of diet DM fed as small (PA-SM), medium 
(PA-MD), or large (PA-LG) prill-sized supplement. 
The particle-size distribution of the fat supplements 
is presented in Supplementary Table S1 (https://doi.
org/10.3168/jds.2016-11610). The mean particle sizes 
of the fat supplements were 284, 324, and 600 μm for 
PA-SM, PA-MD, and PA-LG, respectively. Although 
the average particle size was similar between PA-SM 
and PA-MD, PA-SM had a greater proportion of par-
ticles retained in the 150-μm and 212-μm sieves than 
PA-MD. In contrast, PA-LG had a greater proportion 
of particles retained in the 450-μm and 600-μm sieves. 

Table 1. Ingredient and nutrient composition of treatment diets

Item

Treatment1

CON PA-SM PA-MD PA-LG

Ingredient, % of DM     
 Corn silage 28.5 28.5 28.5 28.5
 Alfalfa silage 16.3 16.3 16.3 16.3
 Wheat straw 1.00 1.00 1.00 1.00
 Ground corn 23.5 23.5 23.5 23.5
 Soybean meal (48% CP) 8.81 8.81 8.81 8.81
 Whole cottonseed 5.79 5.79 5.79 5.79
 Soy hulls 11.8 9.80 9.80 9.80
 Amino acid supplement2 1.40 1.40 1.40 1.40
 Palmitic acid–enriched supplement3 — 2.00 2.00 2.00
 Vitamin and mineral mix4 1.80 1.80 1.80 1.80
 Limestone 0.51 0.51 0.51 0.51
 Sodium bicarbonate 0.59 0.59 0.59 0.59
Nutrient composition, % of DM    
 DM5 49.2 49.2 49.2 49.2
 NDF 34.3 33.0 33.0 33.0
 CP 15.6 15.4 15.4 15.4
 Starch 25.9 25.9 25.9 25.9
 Total fatty acids 2.90 4.81 4.82 4.82
 C16:0 0.49 2.08 2.11 2.11
 C18:0 0.11 0.17 0.14 0.14
 C18:1 cis-9 0.53 0.67 0.68 0.69
 C18:2 cis-9,cis-12 1.51 1.54 1.54 1.55
 C18:3 cis-9,cis-12,cis-15 0.17 0.16 0.16 0.16
1CON (control diet, no addition of palmitic acid); PA-SM (small prill of palmitic acid); PA-MD (medium prill 
of palmitic acid); and PA-LG (large prill of palmitic acid).
2LysAAmet (Perdue AgriBusiness, Salisbury, MD).
3C16:0-enriched supplement (Wawasan Agrolipids, Johor, Malaysia). The supplement contained (g/100 g of 
fatty acid) 1.5 of C14:0, 85.1 of C16:0, 2.5 of C18:0, 7.9 of C18:1 cis-9, and 99.0 of total fatty acids.
4Vitamin and mineral mix contained 34.1% dry ground shelled corn, 25.6% white salt, 21.8% calcium carbon-
ate, 9.1% Biofos (The Mosaic Co., Plymouth, MN), 3.9% magnesium oxide, 2% soybean oil, and <1% of each of 
the following: manganese sulfate, zinc sulfate, ferrous sulfate, copper sulfate, iodine, cobalt carbonate, vitamin 
E, vitamin A, vitamin D, and selenium.
5Percent of as-fed diet.
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The PA supplements replaced soy hulls in the diets, 
which were formulated to meet the requirements of the 
average cow in the group (NRC, 2001; Table 1).

All cows were housed in the same tiestall (assigned 
randomly) throughout the experiment and were milked 
twice daily (0500 and 1600 h). Access to feed was 
blocked from 1000 to 1200 h for collection of orts and 
offering of new feed. Cows were fed at 115% of expected 
intake at 1200 h daily. Water was available ad libitum 
in each stall.

Samples and data for production and digestibility 
variables were collected during the last 5 d of each 
treatment period (d 17 to 21). Feed ingredients and 
orts were collected daily, composited by period, and 
analyzed for DM, NDF, CP, starch and FA contents as 
described by Boerman and Lock (2014). Fecal samples 
(500 g) were collected every 15 h, resulting in 8 samples 
per cow per period, and nutrient digestibility was cal-
culated using indigestible NDF as an internal marker, 
as previously described (Piantoni et al., 2013). Supple-
ments were composited by period, and particle size 
distribution was determined according to AOAC (1990; 
method 965.22). Briefly, duplicate samples of each sup-
plement (100 g) were placed on the top screen (3,350 
μm) of a testing sieve (Ro-Tap Sieve Shakers; W.S. 
Tyler, Mentor, OH) and agitated at 150 taps/min for 
10 min. Sieves with 3,350-, 2,360-, 1,700-, 1,180-, 850-, 
600-, 425-, 300-, 212-, 150-, 106-, 75-, 53-, and 37-μm 
pores were used. The amount of sample held on each 
screen was collected, weighed, and used for particle-size 
calculations. Individual milk samples were analyzed 
for fat, true protein, and lactose by mid-infrared spec-
troscopy (AOAC, 1990; method 972.160), and for FA 
using GLC (Lock et al., 2013). Yields of 3.5% FCM, 

ECM, and milk components were calculated using milk 
yield and component concentrations for each milking, 
summed for a daily total, and averaged for each collec-
tion period. Body weight was recorded on the last 2 d 
of each period. Three trained investigators determined 
BCS on the last day of each treatment period using a 
5-point scale with 0.25-point increments according to 
Wildman et al. (1982).

Data were analyzed using the MIXED procedure in 
SAS (version 9.2; SAS Institute Inc., Cary, NC). The 
statistical model included the fixed effects of square, 
treatment, and period, as well as 2-way interactions 
between these factors, and the random effect of cow 
nested within square. When interactions were not sig-
nificant (P > 0.20), they were removed from the model. 
Three preplanned contrasts were used to evaluate (1) 
the effect of PA treatments [control vs. PA; (PA-SM + 
PA-MD + PA-LG)/3]; (2) the effect of large prill size 
compared with small prill size (PA-LG vs. PA-SM); and 
(3) the effect of large prill size compared with medium 
prill size (PA-LG vs. PA-MD). Contrasts were declared 
significant at P ≤ 0.05 and trends at 0.05 < P ≤ 0.10.

The PA treatments did not affect DMI compared 
with control (P = 0.16; Table 2). These results agree 
with most studies feeding highly enriched (≥85%) 
sources of palmitic acid, in which DMI is typically 
not decreased when palmitic acid is fed up to 2% of 
diet DM (Piantoni et al., 2013; de Souza et al., 2016). 
In contrast, we observed that PA treatments reduced 
NDF intake compared with control (P = 0.01), mainly 
a result of the lower NDF content in the PA diets due 
to the removal of soy hulls in the PA treatments. As 
expected, PA treatments increased intake of 16-carbon 
FA and total FA compared with control (P < 0.01). We 

Table 2. Nutrient intake and total-tract digestibility of cows fed treatment diets (n = 24)

Variable

Treatment1

SEM

Contrast2

Control PA-SM PA-MD PA-LG
Control  
vs. PA

PA-LG  
vs. PA-SM

PA-LG  
vs. PA-MD

Intake, kg/d         
 DM 26.6 25.9 25.9 26.0 0.75 0.16 0.66 0.66
 NDF 9.08 8.59 8.59 8.60 0.32 0.01 0.77 0.78
 Total fatty acids (FA) 0.81 1.28 1.28 1.29 0.04 <0.01 0.65 0.74
 16-carbon FA 0.14 0.56 0.56 0.56 0.02 <0.01 0.88 0.88
 18-carbon FA 0.65 0.69 0.69 0.69 0.03 0.12 0.91 0.92
Digestibility, %         
 NDF 42.4 44.8 44.8 44.7 1.42 0.01 0.68 0.67
 Total FA 80.3 76.0 75.6 78.1 1.39 0.01 0.04 0.02
 16-carbon FA 79.1 71.7 71.0 74.2 1.84 0.01 0.01 <0.01
 18-carbon FA 82.6 81.8 81.9 83.7 1.15 0.84 0.01 0.01
1Treatments were either control (2% of diet DM as added soy hulls) or palmitic acid–enriched supplements (2% diet DM) fed as small (PA-SM), 
medium (PA-MD), or large (PA-LG) prill size.
2P-values associated with contrasts: (1) the effect of PA treatment [control vs. PA; (PA-SM + PA-MD + PA-LG)/3]; (2) the effect of large 
prill size compared with small prill size (PA-LG vs. PA-SM); and (3) the effect of large prill size compared with medium prill size (PA-LG vs. 
PA-MD).
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observed no effect of prill size for DMI and intake of 
nutrients (all P > 0.10).

The PA treatments increased NDF digestibility com-
pared with control (44.8 vs. 42.4%; P = 0.01). These 
results are in agreement with previous studies feeding 
palmitic acid (Warntjes et al., 2008; Piantoni et al., 
2013). The increase in NDF digestibility may be associ-
ated with an increase in retention time driven by an 
increase in cholecystokinin secretion (Piantoni et al., 
2013) and partially due to the lower NDF content of 
the PA treatments. Compared with control, PA treat-
ments reduced the digestibility of 16-carbon FA (72.3 
vs. 79.1%; P = 0.01) and total FA (76.6 vs. 80.3%; 
P = 0.01). Although Rico et al. (2014) reported that 
feeding a highly enriched palmitic acid supplement (2% 
diet DM; 85% C16:0) had positive effects on 16-car-
bon and total FA digestibility, Piantoni et al. (2013) 
observed a reduction in FA digestibility when feeding 
a palmitic acid–enriched supplement (2% of diet DM; 
99% C16:0). In a recent meta-analysis, Boerman et al. 
(2015) observed no reduction in FA digestibility when 
the duodenal flow of palmitic acid increased up to 500 
g/d, whereas increasing the duodenal flow of stearic 
acid up to 500 g/d reduced FA digestibility. While total 
flow of FA at the duodenum affects FA digestibility 
(Boerman et al., 2015), these findings suggest that the 
profile of FA entering the duodenum is a critical fac-
tor affecting FA digestibility. In our study, although 
the intake of 16-carbon FA was slightly over 500 g/d 
for the PA treatments and PA treatments reduced FA 
digestibility, the reduction we observed was much less 
than that reported by Piantoni et al. (2013). Reasons 
for these differences might include the greater prill size 
(890 ± 140 μm) and content of C16:0 (99% C16:0) in 
Piantoni et al. (2013) compared with our current study. 
Therefore, different responses in FA digestibility might 
occur with supplements that have a larger prill size than 
those evaluated in our study. The exact mechanisms for 
the reduction in FA digestibility are unknown, but po-
tential causes include competition for absorption sites, 
limits in emulsification, or both (Drackley, 2000).

Compared with PA-MD, PA-LG increased the di-
gestibility of 16-carbon (P < 0.01), 18-carbon (P = 
0.01), and total (P = 0.02) FA. In addition, compared 
with PA-SM, PA-LG increased 16-carbon (P = 0.01), 
18-carbon (P = 0.01), and total (P = 0.02) FA digest-
ibility. Eastridge and Firkins (1991) observed that the 
total FA digestibility of flaked, partially hydrogenated 
tallow triglycerides (mean particle size 1,809 μm) fed 
to dairy cows was only 38% and suggested that this 
might be increased by reducing the particle size of the 
fat supplement. Eastridge and Firkins (2000) evaluated 
a tallow triglyceride supplement fed as prills (mean 
particle size 600 μm) or flakes (mean particle size 1,180 

μm) and observed lower FA digestibility for the flaked 
supplement, an effect that was mainly attributed to 
particle size, because both fat supplements had similar 
FA profiles and iodine values. In our study, reducing 
prill size decreased FA digestibility, contradicting our 
initial hypothesis. Reducing prill size may increase the 
passage rate of FA from the rumen to the intestine. A 
greater flow of FA to the intestine in a shorter time 
may exceed the absorptive capacity of the intestine, 
reducing FA digestibility (Eastridge and Firkins, 2000; 
Boerman et al., 2015). Moreover, in our study, the prill 
sizes evaluated were smaller than those in the afore-
mentioned studies, which might explain, at least in 
part, the differences in results.

Another possible factor affecting FA digestibility is 
the difference between the FA profiles of the supple-
ments being evaluated. In particular, the supplements 
used in the present study contained mainly C16:0 
(~85%), whereas supplements used in the above-
mentioned studies contained a mixture of C16:0 and 
C18:0 (~40% C16:0 + 40% C18:0). Supporting this 
concept, Firkins and Eastridge (1994) observed that 
FA digestibility decreased as the proportion of C18:0 to 
C16:0 was increased in supplements of partially hydro-
genated fat. Chamberlain and dePeters (2016) recently 
observed similar results when the proportion of C18:0 
to C16:0 in free FA supplements was increased. These 
results are supported by our meta-regression findings, 
which indicated that increasing C18:0 flow through the 
duodenum negatively affects the digestibility of several 
FA (Boerman et al., 2015). This may suggest that fat 
supplements containing a greater proportion of C18:0 
than C16:0 would have different responses when prill 
size is altered. This hypothesis needs to be further 
evaluated.

Overall, PA treatments did not affect milk yield (P 
= 0.98; Table 3), increased 3.5% FCM (39.2 vs. 37.7 
kg/d; P = 0.04), and tended to increase ECM (38.9 
vs. 37.9 kg/d; P = 0.10) compared with control. We 
observed no effect of prill size on milk yield, 3.5% FCM, 
or ECM (all P > 0.10). Although studies with palmitic 
acid–enriched supplements present some conflicting 
results regarding milk yield, most studies have shown 
that palmitic acid–enriched supplements increase 3.5% 
FCM and ECM (Lock et al., 2013; de Souza et al., 
2016).

Compared with control, the PA treatments increased 
milk fat content (4.25 vs. 3.99%; P < 0.01) and milk 
fat yield (1.48 vs. 1.39 kg/d; P < 0.01). The increase in 
milk fat was due to the increase in yield of 16-carbon 
FA [derived from both de novo synthesis and extraction 
from plasma (P < 0.01)] without affecting the yield 
of de novo (<16-carbon FA; P = 0.18) or preformed 
FA (>16-carbon FA; P = 0.98). These results are in 
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agreement with previous studies feeding palmitic acid–
enriched supplements (Lock et al., 2013; Piantoni et 
al., 2013). As a result of PA treatments increasing the 
content of 16-carbon FA in milk fat, the content of de 
novo FA (<16-carbon FA) was reduced compared with 
control (P < 0.01). Specifically, the contents of C6:0, 
C8:0, C10:0, C12:0, C14:0, and cis-9 C14:1 were re-
duced (P < 0.01; Supplementary Table S2; https://doi.
org/10.3168/jds.2016-11610). In contrast, for de novo 
FA yields, PA treatments reduced the yield of only 
C8:0 (P = 0.01) and C14:0 (P = 0.09) (Supplementary 
Table S3; https://doi.org/10.3168/jds.2016-11610). In 
addition, PA treatments increased the yield of C4:0 and 
C18:1 cis-9 (P < 0.01) compared with control, which 
likely occurs as part of the mechanism to maintain 
milk fluidity as uptake of C16:0 from plasma and its 
incorporation into milk fat increases (Jensen, 2002). 
Although PA-LG tended to increase milk fat content 
compared with PA-SM (4.28 vs. 4.22%; P = 0.09), we 
observed no effect on milk fat yield or yield of FA by 
source between these 2 treatments (all P > 0.25).

Although PA treatments reduced milk protein con-
tent (P = 0.01), milk protein yield was not affected (P 
= 0.47) compared with control. This reduction in milk 
protein content without affecting milk protein yield was 
consistently observed when responses to several sources 
of supplemental fat were reviewed (Rabiee et al., 2012). 
We observed no differences among treatments for yield 
and content of lactose in milk (all P > 0.10). Overall, 
the PA treatments increased feed efficiency (FCM/
DMI) compared with control (1.51 vs. 1.42; P < 0.01), 
consistent with previous studies that fed palmitic acid–
enriched supplements (Piantoni et al., 2013; de Souza 
et al., 2016), because of the increase in 3.5% FCM with-
out affecting DMI. We observed no differences among 
treatments for BW or BCS (all P > 0.10).

Our results demonstrate that supplementation with 
palmitic acid increases NDF digestibility, milk fat con-
tent and yield, and feed efficiency. Reducing prill size 
decreased FA digestibility, but this had no effect on 
animal performance under the current dietary condi-
tions and prill sizes evaluated.

Table 3. Milk yield, milk composition, milk fatty acid (FA) concentration and yield, BW, and BCS of cows fed treatment diets (n = 24)

Variable

Treatment1

SEM

Contrast2

Control PA-SM PA-MD PA-LG
Control  
vs. PA

PA-LG  
vs. PA-SM

PA-LG  
vs. PA-MD

Milk yield, kg/d                
 Milk 35.0 35.1 35.1 34.8 2.01 0.98 0.69 0.69
 3.5% FCM3 37.7 39.4 39.2 39.0 1.67 0.04 0.72 0.87
 ECM4 37.9 39.1 39.0 38.7 1.84 0.10 0.65 0.85
Milk components                
 Fat, kg/d 1.39 1.48 1.48 1.49 0.12 <0.01 0.28 0.55
 Fat, % 3.99 4.22 4.25 4.28 0.11 <0.01 0.09 0.25
 Protein, kg/d 1.18 1.15 1.17 1.17 0.06 0.47 0.47 0.99
 Protein, % 3.38 3.33 3.34 3.34 0.08 0.01 0.86 0.98
 Lactose, kg/d 1.65 1.62 1.63 1.63 0.09 0.41 0.69 0.99
 Lactose, % 4.72 4.62 4.64 4.64 0.08 0.40 0.65 0.98
FA concentration,5 g/100 g of FA
 De novo 25.8 23.1 23.0 22.9 0.36 <0.01 0.07 0.26
 Mixed 35.1 40.8 40.9 40.7 0.51 <0.01 0.92 0.43
 Preformed 39.1 36.1 36.1 36.5 0.65 <0.01 0.17 0.15
FA yield,5 g/d              
 De novo 323 315 314 313 16.1 0.18 0.85 0.68
 Mixed 436 569 570 573 27.8 <0.01 0.45 0.51
 Preformed 408 406 405 412 15.9 0.98 0.75 0.67
FCM/DMI 1.42 1.52 1.51 1.50 0.08 <0.01 0.22 0.39
BW, kg 697 690 691 696 22.5 0.25 0.55 0.48
BCS 3.31 3.29 3.27 3.28 0.12 0.21 0.69 0.51
1Treatments were either control (2% of diet DM as added soy hulls) or palmitic acid–enriched supplements (2% diet DM) fed as small (PA-SM), 
medium (PA-MD), or large (PA-LG) prill size.
2P-values associated with contrasts: (1) the effect of PA treatments [control vs. PA; (PA-SM + PA-MD + PA-LG)/3]; (2) the effect of large 
prill size compared with small prill size (PA-LG vs. PA-SM); and (3) the effect of large prill size compared with medium prill size (PA-LG vs. 
PA-MD).
33.5% FCM = [(0.4324 × kg of milk) + (16.216 × kg of milk fat)].
4ECM = [(0.327 × kg of milk) + (12.95 × kg of milk fat) + (7.20 × kg of milk protein)].
5De novo fatty acids originate from mammary de novo synthesis (<16 carbons), preformed fatty acids originate from extraction from plasma 
(>16 carbons), and mixed fatty acids originate from both sources (C16:0 plus cis-9 C16:1). Concentrations and yields of individual fatty acids 
are reported in Supplementary Tables S2 and S3 (http://dx.doi.org/10.3168/jds.2016-11610), respectively.
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