
Results

• ↓ NDF digestibility (Fat, Source, RxF, 
Table 3)
• CO ↓ acetate ↔ ↓ NFD digestibility 

• CO ↑ FA digestibility (Fat, Source, 
P<0.01)
• MCFA more digestible

• +R ↑ C18 FA digestibility (Rum, P=0.05)
• Incomplete BH, UFA more digestible

• CO ↓ DMI and milk production (Fat, 
Source, P<0.01, Table 4.)
• DMI ↓ 5 kg/d 

• AV+R and CO ↓ milk yield and fat (Fat, 
Source, P<0.01)
• MFD  with AV+R (RxS, P=0.08)
• MFD with CO 

• CO ↓ protozoa numbers (Fat, Source, 
P<0.01, Table 1, Fig. 1)
• ↓ 93% for total counts
• ↓ 99% for Isotricha and Dasytricha
• ↓ 97% for Entodinium
• ↔ Epidinium→ resistant to CO

• AV+R ↓ Epidinium (RxS, P = 0.02) 
• ↓ 67% with R
• ↓ 92% with AV+R 
• → sensitive to R and AV

• No change in total VFA concentration 
(Table 2)

• AV and CO ↓ acetate ↑ propionate (Fat, 

Source, P<0.01)

• CO ↓ protozoal numbers ↔ ↓ butyrate 

(Source, P<0.01)

Table 1. LS means of log 10 for total and genera specific protozoan cell counts per ml rumen fluid.1

1 +/- R: 260 mg/d of Rumensin®, control: no fat added, AV: 5% animal-vegetable fat added, CO: 5% coconut oil added. 
2 Probability of a treatment response; NS = not significant (P > 0.20). 

Table 3. LS means of apparent nutrient digestibility of the total tract.1

1 +/- R: 260 mg/d of Rumensin®, control: no fat added, AV: 5% animal-vegetable fat added, CO: 5% coconut oil added. 
2 Probability of a treatment response; NS = not significant (P > 0.20). 

1 +/- R: 260 mg/d of Rumensin®, control: no fat added, AV: 5% animal-vegetable fat added, CO: 5% coconut oil added. 
2 Probability of a treatment response; NS = not significant (P > 0.20). 

Table 4. LS means of dry matter intake and milk production.1

Table 2. LS means for ruminal fermentation.1

1 +/- R: 260 mg/d of Rumensin®, control: no fat added, AV: 5% animal-vegetable fat added, CO: 5% coconut oil added. 
2 Probability of a treatment response; NS = not significant (P > 0.20). 

Figure 2. Panel of micrographs of protozoan cells 
from rumen contents of cows on AV or CO diets.

A. Ophryoscolex using phase contrast (400X)
B. Mixed protozoa cells stained with methyl blue 
and Lugol’s reagent (100X)
C. Epidinium using phase contrast (400X)
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Although MCFA are not a good alternative to PUFA  to prevent MFD in dairy cows, 
their use can help identify the ruminal changes of microbial populations and the 
mechanisms of BH that promotes MFD. Epidinium displayed resistance to MCFA 
toxicity and may be involved in BH mechanisms.

Conclusion

Feeding CO drastically decreased protozoal cell counts and shifted ruminal 
fermentation toward propionate at the expense of acetate and butyrate. Although 
total protozoal counts were not affected by the interaction RxS, the counts of 
Epidinium were lower when fed AV+R. Because this diet also caused MFD, 
Epidinium may be involved in BH mechanisms.

Against our hypothesis, diets supplemented with CO also induced MFD, possibly 
through another mechanism than AV diets.  Indeed,  feeding CO differentially 
affected protozoal genera with no toxic effects on Epidinium.  

The changes in VFA were associated with a decreased total tract digestibility of 
NDF for CO from inhibition of fiber degradation in the rumen. This inhibition is 
associated by the lower DMI with CO from rumen fill. Total tract digestibly of FA 
was higher with  CO due to higher duodenal digestibility of MCFA. Higher C18 
digestibility with R could result from more UFA from incomplete BH, causing the  
MFD observed when AV+R was fed. 

Although the inhibition of fiber degradation might have limited energy for milk fat 
synthesis, further analysis of omasal and milk FA will help elucidate the mechanism 
of MFD with CO supplementation. 

Discussion

Feeding animal-vegetable (AV) fat or medium chain FA to dairy cows can decrease rumen protozoal 

count. In contrast, AV fat with Rumensin (R) can promote milk fat depression (MFD), whereas diets 

supplemented with coconut oil (CO; rich in medium chain FA) + R were not expected to cause MFD. 

In a 6x6 Latin square design (2x3 factorial), 6 rumen-cannulated cows were fed with +/-R (260 mg/d) 

and either: control (no fat), 5% AV, or 5% CO. Diets were balanced to have 21.5% forage NDF, 16.8% 
CP and 42% NFC. The mixed model included fixed (diet) and random (period, cow) effects. Contrasts 

were the main effects of: 1) R(+R), 2) fat supplementation (control vs. AV+CO, and 3) fat source (AV 

vs. CO); and 4 and 5) the interactions of R with contrasts 2 and 3. Significance was P<0.05 for main 

effects and P<0.10 for interactions. The log10 of concentrations of total protozoa (cells/ml) were not 

different from control (5.97) vs. AV (5.95) but decreased by 93% with CO (4.79). Isotricha and 
Entodinium decreased by 99 and 97% by CO, whereas Epidinium was unchanged. In contrast, 

Epidinium were 67% lower for the main effect of +R and decreased 92% when AV was supplemented 

with R. Total VFA concentration (130 mM) was not affected by diet, but the A:P ratio decreased for 

CO (1.85) vs. control (2.95) or AV (2.58). The low A:P ratio was associated with a decreased total 

tract digestibility of NDF for CO (35.5%) vs. control (53.3%) and AV (46.5), with no difference in OM 
digestibility (averaging 67.9%). DMI was 5 kg/d lower with CO (15.3 kg/d) and not different for control 

and AV. Milk production was lower with +R (31.6 kg/d) and CO (30.3 kg/d) than AV (33.0 kg/d). MFD 

occurred with AV+R and CO: 1.08, 1.01, 0.71, 1.05, 0.87, and 0.74 kg/d for control, AV, CO, 

control+R, AV+R, and CO+R, respectively. Further analyses should elucidate the role of protozoal 

concentration and genera on bacterial biohydrogenation in the rumen. 
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Therefore our objectives were to determine the effects of feeding AV or CO in 
combination with R on protozoal abundance, ruminal fermentation, total tract 
digestibility, feed intake, milk and milk fat production. This interaction between R 
and fat source on MFD is reported here with a 2x3 factorial arrangement of 
treatments with +/- R and either no fat, AV, or CO.

Objectives

Polyunsaturated fatty acids (PUFA) feeding often decreases protozoal numbers in 
the rumen. Animal-vegetable fat (AV), a by-product of the food industry, is readily 
available to provide PUFA in dairy diets. However, the response to AV 
supplementation on protozoal numbers is not consistent, possibly due to 
biohydrogenation (BH) of PUFA in the rumen. Long chain saturated FA are less 
toxic to protozoa; therefore, the BH of PUFA removes their potential inhibitory 
effects. In contrast, evidence from OSU supports the contention that protozoa are a 
vehicle for passage of PUFA or other intermediates of BH that do not promote MFD.

AV supplementation in combination with Rumensin® (R), an ionophore improving 
feed efficiency, occasionally spontaneously decreases milk fat yield and percentage. 
This milk fat depression (MFD) is likely due to the partial BH of PUFA, which favors 
FA intermediates that are inhibitory to milk fat synthesis. 

Feeding coconut oil (CO) rich in medium chain fatty acids (MCFA), and therefore 
low in PUFA, has decreased the abundance of ruminal protozoa in sheep. We 
hypothesized that, while lowering protozoal populations, diets supplemented with 
CO in combination with R would not cause MFD as would AV diets combined with 
R. PUFA or MCFA in combination with R could shift ruminal fermentation and 
potentially depress fiber degradation, reducing fed intake. 

Introduction

Six primiparous rumen-cannulated Holstein cows (79 DIM) were fed six diets in a 
6x6 Latin square design. The diets were supplemented or not with 260 mg/d of R 
(+/- R), and with control (no fat added), 5% AV, or 5% CO in a 2x3 factorial 
arrangement. Periods were 3 wk except the 4-week initial period to allow adequate 
adaptation of ruminal populations to R; in subsequent periods, rumen contents were 
transferred to hasten adaptation. Diets were prepared once daily as a TMR and fed 
every 2 h.

All diets contained 16.2% alfalfa hay and 32.8% corn silage on a DM basis. The diet 
composition averaged 16.6% CP, 5.5% ash and 41.5% NFC, similar for all diets. 
Diets averaged 2.4, 5.8, and 6.4% of FA for control, AV, and CO, respectively, and 
the FA profile is reported in Fig. 1. The diets had 33.6, 29.6, and 28.5 %NDF for 
control, AV, and CO, respectively. The R was measured and verified within expected 
ranges in the 3 supplemented diets.

The mixed model included fixed (diet) and random (period, cow) effects. Contrasts 
were the main effects of: 1) R , 2) Fat supplementation (control vs. AV+CO), and 3) 
Source of fat (AV vs. CO); and 4 and 5) the interactions of R with contrasts 2 (RxF) 
and 3 (RxS). Significance was P<0.05 for main effects and P<0.10 for interactions.

Material and methods

Figure 1. FA profile in % in 

control, AV and CO diets.
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Interactions of unsaturated fat or coconut oil with Rumensin® on milk fat production 
might be mediated through inhibition of specific protozoal genera
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Contrasts2+R-R

RxSRxFSourceFatRumSECOAVControlCOAVControl

NS0.17NSNSNS1.567.370.765.767.768.068.2OM

NSNS<0.01NS0.054.588.775.076.881.068.573.5Total C18

NSNS<0.01<0.010.164.491.074.772.888.269.569.2FA

0.190.04<0.01<0.01NS3.740.547.049.830.546.056.7NDF

Contrasts2+R-R

RxSRxFSourceFatRumSECOAVControlCOAVControl

0.08NS<0.01<0.010.150.050.740.871.050.711.011.08Milk fat, g/d

0.16NS<0.01<0.010.062.030.131.733.130.534.333.9Milk, kg/d

NSNS<0.01<0.010.080.714.819.019.315.519.820.0DMI, kg/d

Contrasts2+R-R

RxSRxFSourceFatRumSECOAVControlCOAVControl

NSNS<0.01<0.01NS0.144.755.986.014.865.865.91Total

NSNS<0.01<0.01NS0.401.823.993.902.244.253.89Isotricha

0.02NS0.13NS<0.010.833.221.882.433.423.732.97Epidinium

NSNS<0.01<0.01NS0.174.445.935.964.655.795.85Entodinium

NSNS<0.01<0.010.070.501.293.323.810.742.413.30Dasytricha

Contrasts2+R-R

RxSRxFSourceFatRumSECOAVControlCOAVControl

NS0.12NS<0.01NS5123127144129125133Total VFA, mM

VFA, mol/100 mol

NS0.17<0.01NSNS1.011.013.611.710.512.712.4Butyrate

NSNS<0.01<0.01NS1.630.524.521.530.223.421.5Propionate

0.160.13<0.01<0.01NS1.054.457.762.754.760.062.2Acetate


