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8:00 AM 	 Registration and Welcome 
Aimee Wertz-Lutz, 
Iowa Beef Center Director and Iowa State  
University Extension Feedlot Specialist 

8:30 AM	 Busting Three Myths Around  
Developing an Effective  
Agriculture Safety Program

	 Mike Keenan 
Keenan Safety Consulting 

9:30 AM 	 Silage Safety,  
Planning, Pile Design

 	 Renato Schmidt, Ph.D.,  
Forage Products Specialist,  
Lallemand Animal Nutrition 

10:30 AM 	 Break

10:45 AM	 Mycotoxins Occurrence,  
Analysis, and Implications  
in Silage

	 Katie Raver, MS, PAS 
Rock River Labs

THE 6TH BIENNIAL 

SILAGE FOR BEEF CONFERENCE
AGENDA

12:00 PM 	 Lunch

1:00 PM 	 Using Winter Hardy Small  
Cereals for Silage 
Mary Drewnoski, Ph.D.,  
Professor & Beef Systems Extension Specialist

2:00 PM 	 What is the Energy  
Value of Corn Silage Today?  
Galen Erickson, Ph.D.,  
Nebraska Cattle Industry Professor of  
Animal Science & Beef Feedlot  
Extension Specialist 

3:00 PM 	 High Moisture Corn Particle  
Size Effect on Energy Values

	 Kassidy Buse, Ph.D., 
Dairy Technical Services,  
Lallemand Animal Nutrition 
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SPEAKERS

KASSIDY BUSE, PH.D.
Dairy Technical Services, Lallemand Animal Nutrition

Dr. Kassidy Buse, a seasoned professional in the animal science and nutrition field, holds a 
master’s and doctorate degree in Ruminant Nutrition from the University of Nebraska-Lincoln. 
With a focus on forages, particularly in lower-lignin alfalfa, and extensive research in feed 
preference studies, she brings a wealth of specialized knowledge and a passion for advancing 
the intersection of animal behavior, digestibility and nutrition.

MARY DREWNOSKI, PH.D.
Professor & Beef Systems Extension Specialist Animal Science 
University of Nebraska - Lincoln

Dr. Mary Drewnoski joined the Department of Animal Science in 2014 as an Assistant Professor 
and currently serves as a Professor and Nebraska Extension Beef Systems Specialist. Her research 
focuses on improving the sustainability and profitability of beef production systems through the 
integration of cover crops, annual forages, and crop residues into grazing systems. By addressing 
producer-identified challenges, she aims to reduce feed costs, enhance soil health, and optimize 
land use for cattle operations. This work provides practical solutions that benefit both cattle 
producers and the environment.
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SPEAKERS

MIKE KEENAN
Keenan Safety Consulting LLC

Mike started his career at Gallagher (formerly Grace Meyer Ins.) as a Certified Construction Safety 
and Health Technician specializing in construction risks. Mikes’ work shifted to commercial 
agriculture and food manufacturing. In 2018, Mike assumed the role of Managing lead for 
Gallaghers National Risk Control for Food and Agriculture Working Group. Mike served on 
numerous national and regional boards and committees.  

After retiring from full-time work at Gallagher in September 2024, Mike began working with 
several prior insurance clients through his LLC.  Mike works on various specialty projects such as:

Mike enjoys working with companies to develop safety and health strategies that enhance 
efficiencies while protecting valuable assets, including human capital and property. Mike also 
helps clients make sense of complex regulations to assist employers in compliance with OSHA 
regulations without sacrificing productivity and efficiency.

•	 OSHA compliance / response 

•	 Safety Leadership training for new managers  

•	 Property risk control  

•	 Onsite hazard assessments 

GALEN ERICKSON, PH.D.
Nebraska Cattle Industry Professor of Animal Science & Beef Feedlot 
Extension Specialist

Dr. Galen Erickson joined the Department of Animal Science as an Assistant Professor and  
Extension Beef Feedlot Specialist in 2001 and has served as a professor since 2010. He was named 
the Nebraska Cattle Industry Professor of Animal Science in 2012 and was appointed as the  
Director of the Beef Innovation Hub in 2022. His beef cattle nutrition research focuses on use 
of byproducts for growing and finishing beef cattle, use of grain and silage for cattle, and the 
interaction between nutrition, management, and environmental issues including air quality and 
nutrient management.
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RENATO SCHMIDT, PH.D., 
Forage Products Specialist, Lallemand Animal Nutrition

Dr. Renato Schmidt has a dairy/beef cattle farm background and is originally from Brazil, 
where he obtained a B.Sc. degree in Agronomy and a M.Sc. degree in Animal Sciences.  
He moved to the US to earn his Ph.D. in Animal Sciences from the University of Delaware with 
Dr. Limin Kung Jr. He worked on innumerous experiments evaluating the effects of different 
additives on the fermentation of forage crops and specifically developed a methodology 
to study microorganisms during ensiling using molecular techniques. He’s authored and  
co-authored 18 peer-review manuscripts, 33 scientific abstracts, and 51 technical articles.  
He joined LANNA as Forage Products Specialist in February/2008 and has given technical/ 
scientific talks in Brazil, Canada, Mexico, Costa Rica, Nicaragua, Scotland, Czech Republic,  
England and throughout the USA.

 
 

 

SPEAKERS

KATIE RAVER, MS, PAS
Animal Nutrition Technical Services Director 
Rock River Laboratory, Inc.

Growing up in rural Illinois, Katie Raver developed a passion for agriculture at a very young 
age. While attaining her undergraduate degree in animal science at the University of Illinois, 
she immersed herself in the dairy industry. After completing her undergraduate degree, she 
completed a summer internship at Rock River Laboratory and further developed her passion 
forage and feed quality. Upon returning to the University of Illinois for her master’s degree in 
Ruminant Nutrition with Dr. Phil Cardoso, she was able to further explore these interests as her 
graduate work focused on forage quality and fungal disease. She then moved to Texas after 
finishing her degree. She has been at Rock River Laboratory for 5 years and in her current role 
as animal nutrition technical services director she oversees technical support and development. 
Her interests include forage quality assessment and understanding how environmental and 
management conditions impact forage quality. She also has a deep seeded interest in exploring 
ways to improve feed efficiency on farms and how data can be used to maximize the value of 
feeds on farms.



Notes 
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BUSTING THREE MYTHS AROUND DEVELOPING  
AN EFFECTIVE AGRICULTURAL SAFETY PROGRAM

Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Busting Three Myths Around Developing an Effective Agricultural Safety Program
Mike Keenan



Notes 

LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

SILAGE SAFETY, PLANNING, AND PILE DESIGN
Renato Schmidt, Ph.D.
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Mycotoxins Occurrence, Analysis, and Implications in Silage
Katie Raver, MS, PAS

Importance of mycotoxins in the industry
Mycotoxins represent a major economic challenge to the beef industry. Not only do mycotoxins represent 
potential health and efficiency concerns, but they can also cause increased dry matter and nutritive 
losses in the feedstuffs themselves. Current estimates based on a three-year study are that over 81% of 
feed produced in the Americas, Europe and Asia have some degree of mycotoxin contamination, and 
globally, greater than 30% of feed is co-contaminated with mycotoxins (Magnoli et. al., 2019) (Ogunade 
et. al., 2018). 

Mycotoxins are secondary metabolites produced by fungi. Although thousands of fungal metabolites 
have been identified and hundreds of mycotoxins have been classified, only a small number are regulated 
by government agencies. In ruminant production, the most important mycotoxins are associated  
with Aspergillus, Alternaria, Fusarium, and Penicillium species. Mycotoxins can occur in both commodity 
feeds and forages, but ensiled feeds are a particular concern for producers (Jouany and Diaz, 2005). 
One study from the Netherlands found that ensiled forages contributed three times more to mycotoxin 
intake than dry feeds.

Common mycotoxins and their origin
Most regulated mycotoxins include aflatoxins, deoxynivenol, HT-2, T-2, fumonisins, zearalenone, 
ochratoxins, and alkaloids. As mentioned previously, mycotoxins are secondary metabolites of these 
fungal species and are produced during stress conditions (Bandyk, 2024). While some of the toxins are 
produced primarily during the crop growth stage, others may be produced in the ensiling or storage 
phase of forage production. Fusarium spp. and Aspergillus spp. represent risk for preharvest contamination, 
while toxigenic mold from Aspergillus spp and 
Penicillium spp. Although it is common to test feeds 
for both molds and mycotoxins, presence of mold 
in a sample does not necessarily indicate mycotoxin 
presence, nor does presence of mycotoxins 
indicate presence of mold. These fungal species 
thrive in a variety of environments and different 
climates that lead to their production are described 
 in Table 1.

Common fungal species, their respective toxins, 
and favored climate conditions for growth.
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Mycotoxins Occurrence, Analysis, and Implications in Silage
Katie Raver, MS, PAS

Impact of mycotoxins on cattle performance
Impact of mycotoxins vary based on various factors including age of cattle, physiological state, and 
other nutritional and environmental stress factors. Many mycotoxins impact young growing cattle to a 
greater extent than mature cattle due to the less developed rumen. Bacteria in a fully functional rumen 
can break down many of the mycotoxins, however rumen metabolites of the parent mycotoxin can be 
equally as toxic. Impacts of mycotoxins and detoxification vary based on the compound. 

Aflatoxin

 Although there are several aflatoxins produced including B1, B2, G1, and G2, however, B1 has garnered 
the most attention. This is due to its status as a potent carcinogen. It has been reported that incidence 
and concentration of Aflatoxins are relatively low compared to other mycotoxins (Ogunade et. al., 2018). 
This trend is also observed in the Rock River Laboratory commercial database. Degradation of AFB1 in 
the rumen has been documented to vary between ~40% to nearly 0%. Additionally, in vitro studies 
have found impaired digestion when rumen fluid was dosed with 1-10 ppb of AFB1 (Jouany and Diaz, 
2005). 

Symptoms of aflatoxicosis include decreased intake, rough coat, and enlarged liver. Reduced feed 
efficiency and increased liver size has been documented in steers and cattle fed a diet containing  
100-600ppb (Ogunade et. al., 2018). More recent work has found lambs consuming 2 ppb led to failure 
of acquired immunity, influencing the animal’s ability to handle bacterial and parasitic infections.  
 
Deoxynivenol (DON)

A properly functioning rumen has a high capacity for detoxification of DON. Studies have found that 
after 24 hours of DON dosing only 30% of the compound was absorbed by the animal. In the rumen, 
DON is degraded to DOM-1. When tracked throughout the system very little amounts of DOM-1 were 
found in milk, showing no to little transfer activity to milk. Studies have suggested that DON can also 
be useful as a marker for other toxic compounds. 

Effects of DON include depressed intake, diarrhea, decreased reproductive efficacy, and depressed 
immunity.  At very high consumption levels a vomiting like reaction can be observed (Bandyk, 2024). 
Beef cattle have exhibited capacity to tolerate relatively high levels. Levels of 18ppm of DON have been 
fed for extended periods with no impact on daily gain, feed efficiency, or dry matter intake (Jouany 
and Diaz, 2005). However, it is worth noting that depressed rumen pH, or impaired fermentation may 
impact the ability of the rumen to detoxify DON. 
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Impact of mycotoxins on cattle performance
T-2

T-2 is one of the most potent mycotoxins for ruminants. T-2 is degraded to HT-2 in the rumen.  
The majority of detoxification of T-2 is done via protozoa, and T-2 is shown to reduce protozoal protein 
83% in a 6-hour incubation (Jouany and Diaz, 2005). T-2 toxin has been associated with gastrointestinal 
stress, intestinal hemorrhage, and immune suppression. When fed at 17ppm calves exhibited  
decreased intake and average daily gain, however when fed at 10ppm or below similar effects  
were not observed (DiCostanzo et. al., 1996). 

Fumonisins 

There are 28 different forms of fumonisins identified, however fumonisins in the B class are considered 
the most toxic (Ogunade et. al., 2018). Several fumonisins are commonly identified in testing including 
FB1, FB2, and FB3. Fumonisins are poorly degraded in the rumen, which makes them particularly 
concerning, however absorption is thought to be low. FB1were observed to only have been 10-18% 
degraded after a 72-hour incubation period, however in vitro digestion work showed little to no impact 
of FB1 on dry matter digestibility. 

Impacts on ruminants include impacts on liver function (enzymes GGT and AST) and reduced 
performance likely due to reduced feed intake. Nephrotoxic effects have also been observed when beef 
cattle were fed 148 dietary ppm of total fumonisins for a 31-day period. Similar results were observed 
in calves (Gallo et. al., 2015).

Ochratoxin A (OTA)

OTA is highly degraded in the rumen, mostly by rumen protozoa and is converted to ochratoxin-alpha 
which is less toxic. In calves orally dosed OTA was excreted in the urine as ochratoxin-alpha.  Although 
some OTA may bypass rumen degradation, there is little evidence of risk for transferring into milk or 
tissue (Gallo et. al., 2015). Degradation of OTA should be considered pH sensitive, thus if high levels of 
grain are fed this can lead to decreased degradation efficacy. 

Main impacts of OTA include weight loss, increased body temperature, dehydration, polyuria, and 
even death. However, degradation of OTA in the rumen makes toxicity highly unlikely in ruminants.  
Toxicity has been observed in lambs and goats receiving 1-33mg OTA/kg (Jouany and Diaz, 2005). 
Studies have also shown synergistic effects with zearalenone. 
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Impact of mycotoxins on cattle performance
Zearalenone

Zearalenone is a highly prevalent mycotoxin with some estimates that upwards of 40% of feed is 
potentially contaminated with zearalenone. The majority of zearalenone is degraded in the rumen, 
however, it is degraded into alpha-zearalenone which is 4 times more oestrogenic than zearalenone. 
Protozoa are primarily responsible for the degradation of zearalenone. 

The primary concern of zearalenone contamination are reproductive impacts. These include embryo 
survival, hypertrophy of female genitalia, decreases in LH, and progesterone, decrease testosterone 
production in males, and infertility. Reproductive failure in ruminants has been observed at levels of 
750 ppb of zearalenone fed concurrently with 500ppb of DON. Nutritional and co-occurrence with 
other synergistic mycotoxins may impact the levels at which negative impacts are observed. 

Table 2. Regulatory and suggested guidelines for allowable levels of toxins in feed
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Impact of mycotoxins on silage quality
Not only do mycotoxins represent a concern for cattle health, presence of mycotoxins in silages can also 
be indicative of poor-quality ensiling and increased risk for dry matter loss in silages. Molds only grow 
in the presence of oxygen in silage, so minimizing aerobic exposure is critical to decreasing mycotoxin 
risk in ensiled feed. Molds also uptake nutrients during their growth and multiplication in the silage 
leading to decreased nutrient content. Primary growth substrates include WSC and fat (Haerr, 2015). 
Furthermore, recent data analysis completed by Rock River Laboratory, Inc. showcased that higher levels 
of mold in corn silage were associated with lower starch disappearance values, higher pH, decreased 
fiber digestion, and decreased TDN values. This is showcased in Figure 1. below. 

In the field, heavy fungal infection is often associated with decreases in yield and nutritive content 
of silage. Additionally, when heavy loads of fungal pathogens are present, dry matter increases quite 
quickly making harvest and management of this silage quite challenging.
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New developments in mycotoxin research
Several new developments have been pivotal in our understanding of the impacts and complexity of 
mycotoxins in feeds and silages. One of these is our understanding of mycotoxin stability in silages. 
Although we have previously understood that molds can grow and produce mycotoxins in ensiled 
feed, changes to existing mycotoxin levels were unknown. Recent research has shown that in poorly 
ensiled feed, DON content increased during the first 90 days of ensiling. This increase was linked to 
the conversion of D3G, a DON precursor, into DON. This primarily occurs under aerobic conditions. 
Additionally, there is evidence that BMR varieties of corn silage can have higher accumulation of DON 
overall (Chibuogwu, et. al., 2024). Finally, a critical understanding is that Fusarium is not only present as 
an ear rot, but can also present as a stalk rot, which can lead to the production of DON. 

Another critical aspect of mycotoxin understanding is the degree and implication of co-occurrence 
of mycotoxins. Although it has been understood that most silages have one mycotoxin present, more 
work has shown that those silages with a single mycotoxin present are likely to have others present as 
well. A 2021 study published by Weaver et. al. that out of >1000 corn silage samples tested in the US 
>96% were found to have more than one mycotoxin present. The most present group was emerging 
mycotoxins, while DON was found in 88% if samples and fumonisins were detected in 67% of samples. 
The most common co-occurrence in corn silage was that of DON and fusaric acid, and fusaric acid with 
fusarium toxins. Examination of the Rock River Laboratory database shows that corn silage tested in the 
last 7 years (~2500) >60% of silage samples tested positive for one or more mycotoxin. 

Emerging mycotoxins also warrant further discussion and exploration. Although we commonly 
discuss 8 to 10 of the most researched mycotoxins, our understanding of the impact of toxins outside 
of these is increasing. The study by Weaver assessed 35 different mycotoxins. Although the biological 
implications of these compounds have not been extensively studied further investigation is warranted 
on their individual and combined effects when fed alongside other mycotoxins. It is thought that these 
emerging mycotoxins may have impacts on rumen microbiota and may have potential to impact the 
immune system of animals (Gallo, 2025).
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Other considerations
Clinical indication of a pathogen or toxin represents a complex balance between the load of the 
pathogen and toxin and other stressors that may impact the animal’s response to the pathogen or 
toxin. The uniqueness of ruminants makes this of particular importance, because cattle are reliant on 
the rumen to detoxify mycotoxins. Conditions that decrease rumen function such as acidosis, heat 
stress, depressed DMI, or feed restriction can also impact the rumen microbe’s ability to detoxify 
these compounds leading to increased susceptibility to clinical and subclinical impacts. Additionally, 
increased passage rate of high intake animals may decrease the amount of time available to degrade 
the mycotoxin which can allow more to pass into the lower gut (Bandyk, 2024). This can be exacerbated 
by conditions such as environmental stressors that increase risk for leaky gut which can allow toxins a 
path through the intestine to directly enter the bloodstream. Large amount of starch passage into the 
hind gut may also increase gut permeability and increase the risk for clinical impacts of mycotoxins.  

Additionally, other nutritional factors such as yeasts are often found in co-occurrence with mycotoxins 
in silage. Yeasts have been well documented to depress rumen function, which represents the potential 
to reduce toxin degradation (Santos, et. al., 2015). Special consideration should be given to silages that 
are high in yeast that also contain moderate levels of mycotoxins. 



LALLEMAND ANIMAL NUTRITION  |    SILAGE FOR BEEF CATTLE CONFERENCE, 2026

Mycotoxins Occurrence, Analysis, and Implications in Silage
Katie Raver, MS, PAS

Management of mycotoxins
Preventative management of mycotoxins includes both field and storage measures. Reducing risk 
of fungal infection in the field alongside proper silage management and harvest practices are key to 
reducing mycotoxin risks. Recent increases in strip till or no till practices have increased risk of fungal 
infection, as organic matter left in the soil can harbor pathogens which can become active in consecutive 
years. Additionally, use of fungicides can greatly reduce the risk of fungal disease and subsequent 
mycotoxin production. Although fungicides are costly, the cost can easily be made up with reduction in 
yield loss if fungal infestation does occur. Work done at the University of Illinois also showcased increase 
nutritive value in corn silage treated with fungicide (Haerr et. al., 2015).

When harvesting silage, limiting exposure to air and covering the pile quickly is essential. Proper 
packing density will decrease air pockets in the silage, reducing the risk for mold growth and mycotoxin 
production in the silage. Additionally, these measures also help to establish and maintain a low pH, 
which is essential for keeping the silage preserved over time. This will also help decrease the risk of 
other negative pathogens in the silage such as yeast or bacteria species. Inoculants can also help in 
achieving a desirable pH and maintaining stability over time. Inoculants may also decrease the amount 
of mold growth in the silage and thus decrease the risk of mycotoxin production in the ensiling phase. 
Upon feeding out minimizing aerobic exposure with proper facing techniques. 

If mycotoxins are present in feed, minimizing exposure of cattle to secondary environmental and 
nutritional stressors can decrease the risk for subclinical and clinical impacts. If silage tests are positive 
for moderate to high levels of mycotoxin, further tests should be considered on all feedstuffs to rule out 
other potential toxin sources and synergistic impacts between toxins. Where possible target feeds with 
higher levels of contamination to low-risk groups. Feed contaminated feed alongside other forages that 
are not contaminated to dilute feed to safe levels. 
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Accounting for Particle Size Distribution and Ensiling Time Improves Whole-Sample 
Starch Digestibility Estimates in High-Moisture Corn
Accurate prediction of starch digestibility in high-moisture corn (HMC) is essential for estimating 
available energy for ruminants. Whole-sample digestibility is commonly estimated through lab 
procedures by grinding to 6 mm prior to incubation, altering particle size distribution (PSD) relative 
to feed delivered to the animal. Analysis of sieved fractions assumes additive digestibility, thus not 
reflecting the non-additive fermentation dynamics of the whole-sample. Objectives of this survey 
were to evaluate starch digestibility across incubation time points between laboratory and in situ 
analysis for whole-sample and particle sizes. Additionally, correction factors for PSD estimates of HMC 
were determined for PSD and incubation time interactions to improve biological accuracy relative to  
whole-sample in situ digestibility.

Thirty HMC piles were sampled across dairies (n = 4) and feedlots (n = 26) at harvest and across ensiling 
durations. Whole samples were collected along with sieved samples obtained using the 8mm, 4mm, 
and bottom trays of the Penn State Particle Separator. Subsamples were analyzed by a third-party lab 
(Rock River Laboratories; Watertown, WI) by NIR. Additional subsamples of whole and sieved fractions 
were incubated in ruminally-cannulated beef steers fed a receiving diet for 7, 24, and 36 h. Differences 
between laboratory and in situ digestibility were evaluated using paired t-tests within fraction and 
incubation time. Weighted digestibility was calculated from fraction digestibility by proportion 
of total sample. Relationships between in situ whole sample digestibility and weighted predictions  
were evaluated using linear mixed-effects models in R (v. 4.5.2) with fixed effects of additive prediction, 
incubation time, PSD proportions, and time by PSD interactions. Random effects included ensiling time, 
sample, and steer.

Laboratory 6-mm ground values exceeded in situ digestibility across fractions and incubation times 
(P < 0.01), with the greatest inflation observed in the 8-mm fraction (33.5–35.2 units), intermediate 
differences for whole samples (24.1–27.1 units), and minimal differences for the bottom fraction  
(1.6–5.2 units). Uncorrected additive estimates systematically overpredicted whole-sample digestibility 
by 2.12 units (P < 0.01).
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Whole-sample digestibility was strongly associated with additive prediction (P < 0.01); however, this 
relationship was significantly modified by PSD and its interaction with incubation time (P ≤ 0.01). 
Including PSD and PSD × time terms improved model fit (P < 0.01), indicating that particle size 
distribution altered fermentation dynamics rather than contributing additively to starch disappearance. 
Incorporation of PSD- and time-based correction eliminated systematic bias (mean bias ≈ 0), reducing 
prediction error relative to the uncorrected estimates across 720 observations. Whole-sample starch 
digestibility of HMC appears not to be additive across particle size fractions, and PSD seems to 
influence fermentation kinetics. Integrating PSD-sensitive correction and laboratory translation might  
improve the biological fidelity of starch digestibility estimation, possibly enabling supporting more 
accurate prediction of available energy in ruminant systems.

Table 1. Comparison of in situ digestibility to laboratory digestibility estimates for raw and sieved 
samples over 7 and 24 h timepoints.
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