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Potential for feeding program to impact gut health and inflammation in dairy cattle

Tanya F. Gressley
Department of Animal and Food Sciences, University of Delaware

INTRODUCTION

The classic role of the dairy cattle nutritionist is to formulate rations that meet animal
performance requirements. However, as the delicate interplay between animal nutrition and
health continues to unfold, we are beginning to understand more ways that nutritional programs
impact the health of the digestive tract and consequently the health and performance of the
animal. The goal of this paper is to provide a brief overview of gut structures and to discuss the
potential for nutrition to negatively or positively impact gut health. Sub-acute ruminal acidosis
(SARA) and yeast feeding will be used as specific examples to illustrate negative and positive
effects of different feeding programs on gut health, respectively.

THE DIGESTIVE EPITHELIUM

The rumen epithelium serves as a selective barrier, allowing for absorption of short chain fatty
acids (SCFA) while preventing entry and colonization by bacteria. Structurally the rumen
epithelium consists of four layers, the stratum corneum, stratum granulosum, stratum spinosum,
and stratum basale. In the healthy rumen, bacteria are loosely associated only with the stratum
corneum. Tight junction proteins that regulate the permeability barrier are expressed most
heavily in the stratum granulosum and to some extent in the stratum spinosum (Graham and
Simmons, 2005). Connections among the stratum granulosum, stratum spinosum, and stratum
basale allow for the transport of SCFA from the rumen contents to the basal lamina (Graham and
Simmons, 2005).

The intestinal mucosa is made up of different classes of epithelial cells. The cells in the greatest
numbers are the columnar epithelial cells responsible for the absorption of dietary nutrients.
Tight junctions between columnar epithelial cells are crucial for forming the physical barrier
between the tissue and digesta. Interspersed among the columnar epithelial cells are a variety of
specialized cells that help to protect the tissue from bacteria and toxins within the gut lumen.
Goblet cells produce mucus that adheres to the luminal side of epithelial cells and provides an
additional physical barrier. The mucus also houses a variety of bactericidal and bacteriostatic
agents that prevent colonization by microbes that penetrate the mucus barrier. Many of these
antimicrobial agents originate from Paneth cells that produce different compounds in response to
stimuli from gut contents or surrounding cells. These antimicrobial agents include peptide
defensin molecules as well as antimicrobial enzymes. M cells are another specialized class of
epithelial cell that sample particulates from the gut lumen and present them to underlying
immune cells.

GUT IMMUNE SYSTEM

Gut associated lymphoid tissue (GALT) consists of structures of white blood cells that are found
throughout the digestive tract in close association with the epithelial cells. These range in size



from large Peyer’s patches to small isolated lymphoid follicles and consist of clusters of B and T
lymphocytes interspersed with dendritic cells and phagocytes (Goto and Kiyono, 2012). Antigen
presentation from M cells or dendritic cells causes B cells to be activated to IgA-secreting
plasma cells. Secretory IgA then exits the columnar epithelial cells via transcytosis where it
accumulates in the mucus to prevent attachment and translocation of target bacteria (Kamada et
al., 2013). T cells in germinal centers within GALT are activated by receptor binding of
microbial products and locally produced cytokines. In a healthy animal, tolerance of commensal
gut microorganisms is facilitated by T cells with a regulatory phenotype that tend to suppress
inflammatory responses by surrounding cells (Littman and Pamer, 2011).

Activities of lymphocytes and phagocytes within the healthy GALT respond to the microbiome
to elicit appropriate responses: tolerance and local immunosuppression in response to commensal
organisms and inflammation and immune activation in response to a microbial threat. Binding of
bacterial components to pathogen recognition receptors such as toll like receptors (TLR) and
NOD-like receptors is essential for homeostasis. Normal development of GALT structures is
dependent upon functional pathogen recognition by these receptors. In addition to promoting
proper GALT development, a symbiotic mix of commensal bacteria promotes mucus production
and barrier function of the epithelium and inhibits colonization by competitive organisms
(Kamada et al., 2013). The effects of the microbiome on GALT and mucosal functions are not
only through direct interactions of microbial components with receptors but also through
products of symbiotic microbes including short chain fatty acids (Brestoff and Artis, 2013).

Dysbiosis, an unhealthy shift in microbiome composition, can down-regulate these protective
functions, stimulate mucosal inflammation, and potentiate colonization by pathogenic organisms.
In humans, some disease states including inflammatory bowel disease are associated with a
complete shift in intestinal population structure (Koboziev et al., 2014), and the shift in
microbiome accompanying chronic inflammation diseases can drive intestinal T cells towards
pro-inflammatory Th17 phenotypes (Littman and Pamer, 2011). Work in rodent models is
beginning to demonstrate that chronic inflammatory diseases including metabolic syndrome,
diabetes, and atherosclerosis are associated with shifts in intestinal microbiota (Caesar et al.,
2012; Vieira et al., 2013). Although cause and effect are unclear, in certain instances transfer of
healthy microflora to a sick individual can restore health and transfer of microbiota from a sick
donor to a healthy recipient can cause disease. For example, mice lacking TLRS, a receptor that
recognizes bacterial flagellin, developed metabolic syndrome and altered intestinal microbiome
compared to wild-type mice (Vijay-Kumar et al., 2010). When their gut contents were
transferred to healthy germ-free wild-type mice, the recipient mice developed characteristics of
metabolic syndrome as well, indicating that the microbiome is important in both maintaining
health and contributing to disease states. Such findings could be of relevance in the cow also,
particularly in the transition period when cows experience some symptoms of metabolic
syndrome including decreased insulin sensitivity, increased glucose tolerance, and increased
mobilization of fatty acids.

DIET INDUCED INFLAMMATION IN DAIRY CATTLE — THE SARA EXAMPLE

The interaction between changes in gut microbiome and dairy cattle health is most well
documented as it relates to rumen acidosis and sub-acute rumen acidosis (SARA). A switch to a



high grain diet or induction of SARA induces dramatic changes in the rumen fluid microbiome
and in population structure of bacteria adhered to the rumen epithelium (Khafipour et al., 2009b;
Chen et al., 2011). Sub-acute rumen acidosis-inducing diets also increase flow of fermentable
carbohydrates to the intestines. This results in shifts in the intestinal microbiome as demonstrated
by changes in fecal bacterial composition (Mao et al., 2012). These shifts in gastrointestinal
bacterial communities in response to SARA are believed to be a key first step in the negative
impacts of SARA on animal health and performance. In addition to the microbiome shift,
acidosis also increases concentration of toxic and inflammatory compounds in the digesta
(Ametaj et al., 2010; Li et al., 2012; Saleem et al., 2012) concurrent with a decrease in barrier
function of rumen epithelium (Steele et al., 2011). Because the intestinal epithelium is composed
of only a single layer of epithelial cells, systemic entry of bacteria or toxins in response to SARA
may be more likely to occur in the intestinal mucosa than in the rumen. In fact, Khafipour et al.
(2009a) found the timing of the presence of lipopolysaccharide in the blood following a SARA
challenge suggested entry through the intestines instead of the rumen.

Shifts in the microbiome, accumulation of toxins in the digesta, and mucosal damage in response
to SARA likely shift nearby GALT structures from an anti-inflammatory to a pro-inflammatory
state, which, based on rodent models, may result in further damage to the mucosa and systemic
inflammation. This may be a contributing factor to the increase in circulating acute phase
proteins observed in response to grain-based SARA challenges (Plaizier et al., 2008). Systemic
inflammation resulting from SARA likely contributes to the negative impacts of SARA on
animal health.

MITIGATING GUT INFLAMMATION

Because SARA is one of the most recognized feeding problems that contribute to systemic
inflammation, feeding strategies to minimize the risk of SARA should help to maintain gut
health. Maintaining adequate NDF, particle size, and effective fiber and avoiding excessive
starch or highly fermentable NFC are essential. Dietary buffers should be included in rations, and
drier diets should be evaluated for their potential to contribute to sorting, which may induce
SARA in some cows.

The permeability barrier function of the epithelium responds to changes in the animal or the
digestive tract. For example, permeability is increased during oxidative stress or heat stress
(Mani et al., 2012). Lactating and transition dairy cows are under considerable oxidative stress.
Intracellular and extracellular antioxidants function to neutralize free radicals and prevent
damage to cells and their membranes. Therefore, feeding to maintain adequate antioxidant status
can help to ensure gut health. Nutrients with antioxidant activities include copper, manganese,
and zinc which all serve as cofactors for superoxide dismutase, an enzyme responsible for
converting superoxide into oxygen and hydrogen peroxide. Selenium also performs antioxidant
functions primarily by acting as a cofactor for thioredoxin reductase enzymes that convert
hydrogen peroxide to water. Dairy cattle selenium requirements are 0.3 mg/kg which is also the
maximum supplementation level allowed (NRC, 2001). Though dietary selenium cannot be
increased beyond this maximum, feeding selenium yeast instead of inorganic selenium provides
a means to increase selenium absorption (Weiss and Hogan, 2005). Vitamins E and C also
benefit gut and overall health through their antioxidant activities.



In addition to minerals and vitamins, other supplements may stimulate gut health. The effect of
supplemental dietary fatty acids, in particular omega-3 fatty acids, on dairy cattle health is an
area of active research. There is also some work evaluating the feeding of chicken egg IgY
products from chickens vaccinated against enteric pathogens. Other supplements that can alter
the gastrointestinal microbiome and potentially impact animal health include ionophores and
essential oils. An area that has received significant attention is the potential use of probiotics and
prebiotics, and the remainder of this paper will focus research related to feeding yeast.

Mitigating gut inflammation — yeast example

Feeding of prebiotics and probiotics to monogastric animals can shift the intestinal microbiome,
alter activities of GALT, and improve animal health. Although determining those effects in
ruminants is more complicated due to pregastric fermentation, it is likely that health benefits to
feeding some prebiotics and probiotics can occur for dairy cattle as well.

Live yeast and yeast products have received a fair amount of study and have potential to be used
as health promoting supplements in dairy cattle. Most studies have evaluated the effect of
Saccharomyces cerevisiae, but there has been some work with other organisms including S.
boulardii and Aspergillus oryzae. Studies indicate that feeding yeast supplements alters the
rumen microbiome and can increase both fiber digestion and rumen pH (Chaucheyras-Durand
and Durand, 2010; Pinloche et al., 2013). Yeast seem to function primarily as a prebiotic because
similar changes in digestion occur whether yeast are alive or dead, although there may be a slight
benefit to the live probiotic form (Oeztuerk et al., 2005; Oeztuerk, 2009). Work in monogastrics
indicates that in addition to altering the intestinal microbiome, yeast supplementation can benefit
host health through interaction of yeast carbohydrate moieties (primarily mannan
oligosaccharides and -glucans) with the gut mucosa. It is believed that these moieties can bind
to pathogen receptors and, in so doing, alter functionality of the mucosa to increase barrier
function and pathogen resistance (Munyaka et al., 2012).

In piglets, feeding of live S. boulardii reduced translocation of orally gavaged Escherichia coli
across the gut mucosa and into the mesenteric lymph nodes (Lessard et al., 2009). In non-
challenged broilers, feeding a commercial yeast derived product resulted in decreased mRNA
levels of inflammatory cytokines in the ileum and cecum (Munyaka et al., 2012). In another
broiler study, feeding of live S. boulardii increased goblet cell density in the jejunum, tight
junction mRNA levels in the jejunum and ileum, and secretory IgA concentration in the jejunum
(Rajput et al., 2013). Feeding of live yeast or yeast products to dairy cattle may have a similar
ability to enhance animal health by increasing mucosal barrier function and altering GALT
activity. Inclusion of S. cerevisiae into grain starter was shown to improve health of young
calves (Magalhaes et al., 2008). In that experiment, scours was highly prevalent, and mortality
was 12.1% in control calves and 7.5% in calves given the live yeast supplement. In a study using
Holstein steers, we found that abomasal infusion of S. boulardii reduced fecal volatile fatty acid
and pH changes following an abomasal oligofructose challenge, suggesting that S. boulardii
improved the intestinal environment (Gressley et al., 2016). Finally, a study using transition
cows fed cows 0, 30, 60, or 90 g/d of a combination live yeast and enzymatically hydrolyzed
yeast product, and they found that increasing dose resulted in improved humoral immune



response to a model vaccination (Yuan et al., 2015). Interestingly, the moderate levels of yeast
(30 and 60 g/d) also increased fecal IgA concentration, suggesting a direct impact of the
supplement on gut health.

CONCLUSIONS

The gut is specialized to both absorb nutrients and to protect the animal from the microbes and
toxins that exist within the digesta. Typically, gut immune cells are hyporesponsive, allowing for
tolerance of commensal microorganisms and maintenance of the gut barrier function. Sub-acute
ruminal acidosis is an example of a feeding situation that can disrupt this balance, leading to a
breakdown of gut barrier function and localized and systemic inflammation. On the other hand,
there exists potential for feeding strategies to improve gut health and barrier function. For
example, probiotic and prebiotic supplements can stimulate shifts in the ruminal or intestinal
microbiome that increase mucosal barrier integrity and boost systemic immunity.

REFERENCES

Ametaj, B. N., Q. Zebeli, F. Saleem, N. Psychogios, M. J. Lewis, S. M. Dunn, J. G. Xia, and D.
S. Wishart. 2010. Metabolomics reveals unhealthy alterations in rumen metabolism with
increased proportion of cereal grain in the diet of dairy cows. Metabolomics 6:583-594.

Brestoff, J. R. and D. Artis. 2013. Commensal bacteria at the interface of host metabolism and
the immune system. Nature Immunol. 14:676-684.

Caesar, R., C. S. Reigstad, H. K. Backhed, C. Reinhardt, M. Ketonen, G. O. Lunden, P. D. Cani,
and F. Backhed. 2012. Gut-derived lipopolysaccharide augments adipose macrophage
accumulation but is not essential for impaired glucose or insulin tolerance in mice. Gut
61:1701-1707.

Chaucheyras-Durand, F. and H. Durand. 2010. Probiotics in animal nutrition and health. Benef.
Microbes 1:3-9.

Chen, Y. H., G. B. Penner, M. J. Li, M. Oba, and L. L. Guan. 2011. Changes in bacterial
diversity associated with epithelial tissue in the beef cow rumen during the transition to a
high-grain diet. Appl. Environ. Microb. 77:5770-5781.

Goto, Y. and H. Kiyono. 2012. Epithelial barrier: an interface for the cross-communication
between gut flora and immune system. Immunol Rev 245:147-163.

Graham, C. and N. L. Simmons. 2005. Functional organization of the bovine rumen epithelium.
Am J Physiol-Reg I 288:R173-R181.

Gressley, T. F., K. A. Davison, J. Macies, C. Leonardi, M. M. McCarthy, L. M. Nemec, and C.
A. Rice. 2016. Effect of abomasal carbohydrates and live yeast on measures of
postruminal fermentation. J Anim Sci 94:284-296.

Kamada, N., S. U. Seo, G. Y. Chen, and G. Nunez. 2013. Role of the gut microbiota in immunity
and inflammatory disease. Nat. Rev. Immunol. 13:321-335. Doi 10.1038/Nri3430.

Khafipour, E., D. O. Krause, and J. C. Plaizier. 2009a. A grain-based subacute ruminal acidosis
challenge causes translocation of lipopolysaccharide and triggers inflammation. J. Dairy
Sci. 92:1060-1070.

Khafipour, E., S. Li, J. C. Plaizier, and D. O. Krause. 2009b. Rumen microbiome composition
determined using two nutritional models of subacute ruminal acidosis. Appl. Environ.
Microbiol. 75:7115-7124.



Koboziev, I., C. R. Webb, K. L. Furr, and M. B. Grisham. 2014. Role of the enteric microbiota in
intestinal homeostasis and inflammation. Free Radical Bio. Med. 68:122-133.

Lessard, M., M. Dupuis, N. Gagnon, E. Nadeau, J. J. Matte, J. Goulet, and J. M. Fairbrother.
2009. Administration of Pediococcus acidilactici or Saccharomyces cerevisiae boulardii
modulates development of porcine mucosal immunity and reduces intestinal bacterial
translocation after Escherichia coli challenge. J. Anim. Sci. 87:922-934.

L1, S., E. Khafipour, D. O. Krause, A. Kroeker, J. C. Rodriguez-Lecompte, G. N. Gozho, and J.
C. Plaizier. 2012. Effects of subacute ruminal acidosis challenges on fermentation and
endotoxins in the rumen and hindgut of dairy cows. J. Dairy Sci. 95:294-303.

Littman, D. R. and E. G. Pamer. 2011. Role of the commensal microbiota in normal and
pathogenic host immune responses. Cell Host Microbe 10:311-323.

Magalhaes, V. J., F. Susca, F. S. Lima, A. F. Branco, I. Yoon, and J. E. Santos. 2008. Effect of
feeding yeast culture on performance, health, and immunocompetence of dairy calves. J.
Dairy Sci. 91:1497-1509.

Mani, V., T. E. Weber, L. H. Baumgard, and N. K. Gabler. 2012. GROWTH AND
DEVELOPMENT SYMPOSIUM: Endotoxin, inflammation, and intestinal function in
livestock. J. Anim. Sci. 90:1452-1465.

Mao, S. Y., R. Y. Zhang, D. S. Wang, and W. Y. Zhu. 2012. The diversity of the fecal bacterial
community and its relationship with the concentration of volatile fatty acids in the feces
during subacute rumen acidosis in dairy cows. BMC Vet. Res. 8. Artn 237

Munyaka, P. M., H. Echeverry, A. Yitbarek, G. Camelo-Jaimes, S. Sharif, W. Guenter, J. D.
House, and J. C. Rodrigez-Lecompte. 2012. Local and systemic innate immunity in
broiler chickens supplemented with yeast-derived carbohydrates. Poultry Sci. 91:2164-
2172.

NRC. 2001. Nutrient Requirements of Dairy Cattle. 7th rev. ed. ed. Natl. Acad. Sci.,
Washington, DC.

Oeztuerk, H. 2009. Effects of live and autoclaved yeast cultures on ruminal fermentation in vitro.
J. Anim. Feed Sci. 18:142-150.

Oeztuerk, H., B. Schroeder, M. Beyerbach, and G. Breves. 2005. Influence of living and
autoclaved yeasts of Saccharomyces boulardii on in vitro ruminal microbial metabolism.
J. Dairy Sci. 88:2594-2600.

Pinloche, E., N. McEwan, J. P. Marden, C. Bayourthe, E. Auclair, and C. J. Newbold. 2013. The
effects of a probiotic yeast on the bacterial diversity and population structure in the
rumen of cattle. Plos One 8. ARTN e67824

Plaizier, J. C., D. O. Krause, G. N. Gozho, and B. W. McBride. 2008. Subacute ruminal acidosis
in dairy cows: the physiological causes, incidence and consequences. Vet. J. 176:21-31.

Rajput, I. R., L. Y. Li, X. Xin, B. B. Wu, Z. L. Juan, Z. W. Cui, D. Y. Yu, and W. F. Li. 2013.
Effect of Saccharomyces boulardii and Bacillus subtilis B10 on intestinal ultrastructure
modulation and mucosal immunity development mechanism in broiler chickens. Poultry
Sci. 92:956-965.

Saleem, F., B. N. Ametaj, S. Bouatra, R. Mandal, Q. Zebeli, S. M. Dunn, and D. S. Wishart.
2012. A metabolomics approach to uncover the effects of grain diets on rumen health in
dairy cows. J. Dairy Sci. 95:6606-6623.

Steele, M. A., J. Croom, M. Kahler, O. AlZahal, S. E. Hook, K. Plaizier, and B. W. McBride.
2011. Bovine rumen epithelium undergoes rapid structural adaptations during grain-
induced subacute ruminal acidosis. Am J Physiol-Reg I 300:R1515-R1523.



Vieira, A. T., M. M. Teixeira, and F. S. Martins. 2013. The role of probiotics and prebiotics in
inducing gut immunity. Front. Immunol. 4:445.

Vijay-Kumar, M., J. D. Aitken, F. A. Carvalho, T. C. Cullender, S. Mwangi, S. Srinivasan, S. V.
Sitaraman, R. Knight, R. E. Ley, and A. T. Gewirtz. 2010. Metabolic syndrome and
altered gut microbiota in mice lacking toll-like receptor 5. Science 328:228-231.

Weiss, W. P. and J. S. Hogan. 2005. Effect of selenium source on selenium status, neutrophil
function, and response to intramammary endotoxin challenge of dairy cows. J. Dairy Sci.
88:4366-4374.

Yuan, K., L. G. D. Mendonca, L. E. Hulbert, L. K. Mamedova, M. B. Muckey, Y. Shen, C. C.
Elrod, and B. J. Bradford. 2015. Yeast product supplementation modulated humoral and
mucosal immunity and uterine inflammatory signals in transition dairy cows. J Dairy Sci
98:3236-3246.



JIVMVIA
10X TIS

S9JU3I0S P00 pue |ewluy Jo Jusawinedaq
A9|ssaJo eAue|

9]11eD) Alleq ul uoljewwie]ju]
pue yjjeaH ino edw
0] welsold Sulpaad Jo} |elaualod



o|dwexa ue se 1Seap —
yijeay 1ns jo uonendiuew Aieiaiq e
o|dwexa ue se yYYVysS —
uoljewwiejjul pue yijeay ino e
yijeay ins pue ASojoydiow 1n3 JO MIIAIBAQ

3UIINO

é%.ﬂm_@
108 LISHIAIN



2JN1INJ1S UogWNY

sn|jided uswnu AyyjeaH

ggﬂ;@
A0 LISTIAIN

10



auIIsau|
o8Jeq

2JN]IoNJ1S |eullSalu|]

wnunfap

TIVMVT
OLLISHIAIN

11



S||92 Yldued
S|192 I\ e
$||192 13|90D
SuIX0} J19y} pue saqoJdiw dluagoyied
woJj} |lewiue 129104d 0] pazijeldads s||9) —

S[[92 usamilaq suoldunfliysl] —
:BIA S9UI1S91UI JI9Y] Ul S9goJdlw
pue SuiXol WoJdj paldalold ale sjewiuy e

UO0I19310.d [BUIIS1U]

”,_%Eﬂ,,_@
101 LISTIAIN



€10 Pinzns

suasilue Aselaip pue suasoyied jo Aijus 3o0|g —

S[|92
BSOONW |eullsajul Jul| suialodd uonodunliysl] e

suonounrysil

5&3%@
OALISHAAIN

13



€T0T ‘|e 12 uossueyor

1199 [el|auynda [eunsau| [122 }2/q09

snonw | [ 207 el ) i v
as0o| | | ﬂ....._ . Ve (I
Jang | | . . - )| Ak|eanak|g

wniayyda 1ake-a|3uls N
snanw paladeaignog

9UuI1Sa]uU| 93.eT

winijayilda |eulisalul

9Y3 s109104d 1Yl Snonw

paJaype pue 3s00| Ul punoy
SUIdNW 913423S S||92 13|40D

snanw
235007

> AT IERRE][¢[e]y

snanw pasafea|guls

14

9ul1Salu] ||ewS RIVMVT
0L LISHIAIN



€T0T [ 19 _WIySEINY suipdifeyie) —

SQWAzosA] —
S[22 Y42ubq SUlSuaja(d —
(sa|nueJs
Ul PaJ0]S) S
oy 30 | P2103S) SAIAY
il e sa|nJajow

a >Bm3w80csEEl
mﬂw_%zﬁunﬁ%u 1 A h
mn__>_<

Lu%u_m:uz
\@m\% sapnndad |elgoJoiwiiuy —

19134235 §||92 Yiaued

S|190 Y1aued

xm.ﬁﬁﬂx@
O L LISTIAIN

15



€10 '[® 312 NOqQeN

ayfaobeyd

ayfaoydws) Jeajanuouow
mm:.:nE ay2 /
*

| U
sa|naajow \\ |eJalejoSEq
uolsaype g

uaenaunl ybn fm @ G
L]

E%L el

.\. Emu....:ﬁca
HIASID W uawn| ynB m_d_.m

(L1vD) anssia pioydwA|
pajlelnosse-1ng

0] swsiuegdioosdiw

pue ‘suagijue
‘S9|nJajowoJoew
}Jodsuedy s||9o |A

119D (IAl) PI0JOIIN

Ll Fﬁﬁﬂ._ﬂl_
OALISHIAIN

16



snonw
ojul spunodwod S||92 aunwwi|
|elia1oeqliue 0} suagdiue
9sed|a. pue elia1oeq

S|192 Yiaued Juasaud s||90 N

Jaluueq |eadisAyd

apinoad suonoun poo|q 0}
Y311 pue snanjAl  SIUSLIINU JDAIIDP
s31Ad0491u3

snonw asnpoud
5|1°3 19|905

suadnue pue eudleg  USWN| [BUIISSIU|  sypiued pasy SjuaLiINN

17




suoiounfiysn jo ,ssauiysin,,
pue s|[92 |el|aylda Jo s39|2AD ||92 91e|n3aY —
(swsiuedio doiuadoyied Jo aouasald
'3'9) asuodsaJ aunwwi 3uljeAllde Jo (eldaydeq
|esusaW WO JO 9duasaJd 3°9) siseysoawoy
guiulejulew Ag sjua1u0d 1n8 01 puodsay —
eludold eulwe] ayl ul wnij@yida ayl yieauaq
1sn[ 31| 1yl s||22 pOoO|g 9HYM JO S2JNIINJISOIDIN —

(17vD9) anssi1 ploydwA| pajeinosse-1ng .

WalsAS aunwuwyi |eljayiid3-gns

”,_%Eﬂ,,_@
101 LISTIAIN

18



68C-€€ N7 2uaiuasaly sbeydoioewy
aaoucyy @
‘lounww| b
. [ ANUpusd]
: e o feyeynd g o ©
|e 19 uosJead el i
oy @ eog @
A9y
yoed s 1ehad
201]|0}
.. ProydwA| paje|os|
\}Jzuﬂmaoﬁbo
o ! | -Mq ﬂ
\ i ..ﬂ..ﬂ_
. \ gl / s
IJ..... ».m'.w‘._-.ﬂr g = _mr.._ Py
N 3 -.J. - ° " | 06 . i &
'es . T ‘a4 & o Py
O b 0§ P & S 5 Des
& (R°5 @ S ab T
Foli B . 95 WO
T & [ Qmu_ 2 e s OF o
s Cor B < 3 e - & 4 oF
\.nﬂ....j_.ﬂ. \ L] : g._.._ 1 .«...\-._-J.J F ﬁ. |

siels Apesls

9NsSl] ploydwA] pajeldossy-1no

gﬁ%@
0L LISHIAIN

19



5192 g

s[199 1 adeydosoep

?- 192 21puaq
el T s, 0 8=
= _“_ & w g . & Ve s Q@ M - (o

uawin| jeuiisaluj

20



’m:muumm
-

<

-y
g

V3|

uagijue JO WslUesIo 9|3Uls e 0}
01}129ds aJe 1eyl y3| Jualapylp Auew asnpoud s||93 g —

Suasijue pue elialdeq 91eAIldE3P pue pulq ue) —
(s]]20 ewse|d) s||22 g paieAlloe
Aq paonpoud si (V¥3]) v uljngojgounwiwl| e

Vv uljngojsounww]

”ggﬂmﬁ
408 LISTIAIN

21



5192 g

\o\_ o-.n i-o_“_ o,
= = 8@ p % ,.DOM -u

uawin| jeuiisaluj



68C:SE ‘Jlounwiw| SpuaJ] "Z10Z °|e 12 uosiead
\ aoeds |esodnwui-gns O}

suadoyied pue swsiuedlo Jo adessed —
wni@yiida o1 agdeweq —

S||92 aunwwil
JO JUBWIINJIJAJ PUB UOIIBAIDY —

uonewuwejjul —

en

2

:Ul S}jnsaJ aduaj||eyd

¥
O

o,

» wisiuegio dluagoyied 4o sisoIqsAQ
L

fof uonewuwe|jul ssaiddns
a3 N3 Ul B1U3}0E(Q |ESUSWIWOYD)

sisoiqsAQ 01 asuodsay

”ggﬂmﬁ
408 LISTIAIN



S1SOIQSAP Yllm pajeldosse
9Je S91e]1S aseasip Alojewwejul d1uoayd

s|jewiue Ayyjeay ui ssaud|dIs adnpul ued

pue ‘uoljewwejul |edo| pue J1WalsAs sajowoud
‘Ayluga1ul uonounllysiy pue uoildnpoad udnw
S9oNpaJ S9goJdlw 1ns Jo xiw ,Ayljeayun, uy

uoljewuweljul

sassaiddns pue uollonpoud upnw sayowoud
$90J21W |esusawwod jo xiw ,Ayyjeay, v
wnijayda Ayyjeay Joj |e)juassa si |19 11V9
pue ‘s||22 |eul1Salul ‘S9CO0JDIW UM1I(Q 3|e1SS0J)

S31PN1S 21J41SeS0UO|A WOJ) SSulpul

”,_%Eﬂ,,_@
101 LISTIAIN

24



93u3||eyd vyvs
Suimoj|o} snjjided

(Uonewuwejyu]) Vyvs 03
asuodsay aunww| 21Wd1SAS

q

wni|ayiidy |9 03 adewe(
suixol elsoeg |
suolle|ndod el4aydeg ul SHIYS

q

(vyvs) Hd 4

1

VdA |

A

91y YiIMoJo elialoeg /_\

A

OHD 3|qeiuaway |

SISOPIDY Uawny 3lndy-qng

sn|jided uswnu AyyjeaH
Wi

(VYVYS) SISOpIdY uswiny 33ndy-gns

ggﬂ;@
A0 LISTIAIN

25



vav

ure.an) __w_m. | mmm.i.m YsSiH

STSTYH:00€ '| "83Y -'[o1sAyd T "Wy "TTOT ‘|e 33 3|931S
DONN ‘eqOMUBIA JO ‘AlUN ‘Yd]ano jo "AluN

adeao g Y3y

S 01 dsuodsay wnijayild3y uswny

.mm..q.gﬁmm Wu
40

26



STT/-S/. "|OIqOJDIA "UoJiAug
'ddy "600¢ ‘| 32 Jnodijeyp
eqoyiue|p Jo Ayisianlun
(s@Inaiwui4) sinoq °s )

vivs pasnpui-uiess asanas [N .H

(seanoiwai4) nuapsja )
vyvs paanpul-utesd piin ] .H
(eln10eqO091044) 1j00 3 )
vivs pasnpui-uiess asanas [N ._H
duepunge 1j0d ‘3 ym

pale|2440d Ajysiy uonewwejjul
JO 93439p pue yyVvs 40 ANI9AS

(s@19pols910eg) nJj210n21d )
VHVS padnpul-13||ad ejjejv _”_._H

¥l <1 0l

adueyd pjoy f8o

S 9 ¥ i 0 -

9 8§

01-

eozojod .11

EIBUIE DIUSBoURIaN

Hnundag paavoda. |

,|.|%|

sanIuLLY

sia0g snasodoidadlg

dds snyjiopqoiony
Suafosiaql oldqiariGng
suaionpanyf snasoooununy
SGIO SHI2020UIUNY
WINUDUIUNL SPUOWOUI]AY
Huapsa vaanydsodapy

vanjodip oriqraotanuy

SU2BOUIIONS L2IIDGOSGI

091014

1j02 DIYILIAYISTY

snpydop iy 42)00gouunYy|

SUDAJOSTHIAIXDP OLIGIAIHIIONS

panjo iy souowou2ong

sajapoliajoeg

PIOIUININL DJ[210AD4 ]
..qw_m_.hnﬁnﬁ.h...._w B2 ]0Ad A
SIAD4q D[]0 ]

SISUAGID DjA10AL ]

VYVS sulinp s}ys erialoeq pinj{ uswny

TIVMVT
OATISYIAIN

27



0LLS-LL "|OIGOIIN "uoJdiAug
'|ddy "TTOZ ‘|8 3@ uayD
e149q|V JO AlISIaAIUN

101p Aey %26

po} 919M S1dj19Y

95941 JO %SL
sialp

ules y3iy ayj paj uaym  +
Ajuo pa312919p 19

‘ds abaonuidsouyony  *°

pue “ds 4ajopqourwny .,
‘“ds pwoauodaiy

191p uleisd %68
10 uieas %4z/ pdj
919M S19}19Y dsay ]

3ulpaad uledo YsiH 3ulanp syIYS elialoeg juaiaypy ae||ided

_m_m.q.}.._,ﬁm__, Wu
40

28



¥6¢:G6 SAr "TTOT ‘1B 39 17 :€ ApmiS
sjulod awi € Jo ueaw 090T:¢6 SAr '600¢ ‘|e 12 Jnodijeyy 1z Apnis
pawJojsueld) 30| 9SJaA3J 1968:06 SAM "2Z00¢C ‘|e 3@ oyzoo :T Apnis

VdVS paseq-ulelo |0J3U0D)
| 0
9099:56 SAf .
CT0¢ ._m. 10 Ewm_mm W
] 00008 3
auiwejoueyyy . o
c
aulsaing . _— 000°00T &
—
L)
ulwejAydIN . v
m
. [
:VYVvSs Suunp 000°0ST 3
9seaJsoul eyl spunodwod —=
aAIlde Ajjesisojoiq 49
1} l|edls0jolq 1910 000°002

¢Apnmism  zApmism T Apnis

(Sd1) uixojopu3 pinj4 uswny

,,,ﬁzﬁ"mgﬁﬁm_@

29



yzr o9 4o

S1sed upnw
‘9zIs 9|d11Jed |23} paseaJdul ‘s923) Aylod) ‘eaydielq —
VHVS JO Si01edipul |23

SQUuI1S91Ul 9Y] Ul sasueyd AQ paJjolliw uswnJ
9U3 Ul uolleluswJia) 91edpAyoqgled aAISS9IXT

S9UI1S21U| 9y1 uo syoedw| YYVYS

”,_%Eﬂ,,_@
101 LISTIAIN

30



LEC-8 SO

19/ JINE "ZTOT ‘|e 19 OB

SMOTWIL] @
pIIZORQON0I] O
sjeploleled O
el paljisse[aun) O
sNAIUR], W
PLI2)2BQOUNDY O
sReyronds m
PLIORQOUR A O
saeAwooue[d |
seIoeydsnusT |
PIQOIDIONNIISA O

IXQ[JoIoND O

VdVvsS

|0J3U0)

%0
%07
l
=
%0 [
L)
4
[»%]
w3
2
%O o
=
=
=
%08
%001 €]

VYVS 3ulung syiys eliaioeg |eda

VMV
10X LISHIAL

@

31



¥8C:¥6 SVI "9T0T '|e 12 A9|ssau

Y 2t J9n0

qC€'S CIYATAS SYE'TC ql¥EL ety ¢ a3esane (8/N3) Sd1 59994

23ua||eya (1S) yaJess Jo (10Q) 9s010nJj081j0 |esewoqy

¥6¢-56 SAl "C10C ‘189 1

e9CELT qVST'€6 eCES'TT (8/Nn3) Sd1 s9294
qGTL'0E ,CCS‘STT eSOV0T (Tw/N3) Sd1 uswny

VHVS PONpUl-Bjie}ly | VHVS padnpur-ulels | jouoy ||

93ua||eyd 3uIpad} VYHVYS

9U11SalU| 98487 3yl Ul Sd1

TIVMVT
OLLISHIAIN

32



uolle|na4id J1walsAs 19AI7
19]U3 ued suasipue Jo )
elId)oeq ‘pasewep si J3AI| §|

uonewuwejjul d1wdlsAs
S9]e19uad saunjolAd
Aiojewiwejjuil pue suiyoud
aseyd 91nde Jo 9sed|al JIAI

SauIISau| uawny

19Al| 0} MO}} eSOONW
9jeiouad jeyl
suagijue Jo eldloeg

33

VHVS 01 asuodsay Alojewwe|ju]

é%.ﬂm_@
108 LISHIAIN



uoljewweljul
S9sned YYVYS padnpul-ulelds suijedipul
‘VYYVS pasnpul-uleds 0] asuodsal ul painpoud

JledaJs anssi) pue ‘AJanodal
‘@suodsal Auojewwe|jul ayl ayedapow Ay

19338141 Alojewwe|jul ue
01 @suodsaJ Ul sanssi} Jaylo pue JaAl| Aq padsnpold —

(VVS) V plojAwe wnuas pue

'(dg1) uisr04d 3uipuig-sd1 ‘(dH) uiqoj3oidey
‘U19104d0DA|S pIde T-10 2Je SAUO Ule|N

SUI9104d 9SeUd 91NJY JIAIT

”,_%Eﬂ,,_@
101 LISTIAIN

34



TZ¢-9LT T "3\ "800¢ °|€ 3= J9lzle|d

pdx3 grdx3 g-dx3 T -dx3 pdxy grdx3 grdx3 T dx3
_. | | O | | | O
- S0 - - - 00T
<
Q
1 m - 00¢
oQ
(@)
- Q1 m. - 00¢
3
-7 @ - 00V
3
= VyvS |
VyvsS | -~ g7 - 00§
1013U0)) |0J3U0)
- € - 009

SUI9104d 3Seyd 91Ny poo|g pue vyvs

(Jw/3M) y projAwy wnias

é%.ﬂm_@
108 LISHIAIN

35



92JuewJojad paonpal & uollewweljul

D1WSAS pue agewep anssiy [BI0]

Ul 3jnsaJ ued siseysoawoy ing ul suolldnusip
‘)dwexa yYvs ayl Aq paiesisn||i sy .

yijeay |ewiue ulejuliew pue

uonewuwe|jul ssaiddns 03 10eJ4331uUl dWOIqoJdIwW
1N3 3Y] pue sainlonJis 1ng ‘sjewiue Ayijeay uj e

Je) snyl Adewwng

”,_%Eﬂ,,_@
101 LISTIAIN

36



SJ134ng apn|ou| —
2Jn31SIoW a1enbapy —
(uur ‘quesn
‘eziepuQ ap) Aujigejieae uo Suipuadap J4N %ri-0€ o
(uuin ‘quess ‘eziepuQ ap) YoJeis %8T-€T o
D4N 3|qeiusawial Alysiy pue yoaaels aAISS9IXD PIOAY —
(Jouuad pue ulwayoneag) 4QN 93e40} %TZ-6T e
19q1} 9AI11034)9 pue ‘9zis apdined YgN 21enbapy —

VHVS JUSAI]

uoljewwie[juj 3no sunesiin

”,_%Eﬂ,,_@
101 LISTIAIN

37



$S2J1S 183y PIOAY

(ss1opn) ysa4ja4d atow Ajjennuayod
‘Aip p/N1 000°T ‘Bunnelde| p/N| 00S 3 UIWeA —
(Ssiop\) uz wdd
0G-0F ‘@S wdd €°0 ‘U wdd z-€€ ‘N wdd GT-2T —
sniejs juepixoinue wpmj_uwbm 9JNSUT o

uoljewwie[juj 3no sunesiin

”,_%Eﬂ,,_@
101 LISTIAIN



1SEIA o
s21101q0J4d Jo sd1301ga.4d —
S|10 |e1luassy —
AS| —
saJoydouo| —
syusawsa|ddns pioe Ale} € esawQ —

}1J2uaq |ellualod yim syuaws|ddng .

uoljewwie[juj 3no sunesiin

”,_%Eﬂ,,_@
101 LISTIAIN

39



9Jue)sisal uadoyled paseatdu| .
uolNpPoJd sNdNW Paseadu|
uollduN} J3liieq pasealdu| .

suipulq A1alow 1seaA 0] asuodsay —

esoonw uo si01daosal uagoyied
puig ued suedn|3-¢g pue saplieyddesosi|o UBUUBR|A —

AlIA1l0e Sulle|npowoUNWWI 1ND
VHVS 1uanaud djay Aeln —
A2Ua121J9 9AI11S33IP Saseadu| —
Hd uswnJ pue uoI1sasIp Jaql} SOSeaIdU| —

Sal1IAI10e 21101g0Jd pue 21101g34d

1SeaA

”,_%Eﬂ,,_@
101 LISTIAIN

40



SIUIWIBALL,
48 +vd 49d0S Vd 14V [onuo)

_ .,
1' n
-S
q
q
01
q
v

ST

-0C

[4

pajnog

YE6-226:L8
'SV '600C '|€ 12 pJessa

23u3||eyd /joo "J |edo ue

3UIMO||0} Sapou YdwA|

J1491U3SaW 01 elialoeq
JO J3Jjsuel] paInNSea|N e

(925)

11pJpIN0Qg 3aDISINII3I

$32AWo0.10Y2320¢5 10 (Vd)

121220[1PI12D SN220201P3d

‘(19V) sa1noigiaue aiam
sjuawa|ddns Auelailq .

8/;01 ‘NJO

'S ‘Apnis 19|81d

.,,_5_”?,_,._.:.,._@
O LLISTIAIN

41



| winunlap

7 NT
? = W 1 =11 w
Z =1y .m.,

=10

g

L
-
—

%
Mz

'l B3
qs 223
) B8

=

wvi ApLs SjiA [RUnSaL]

=%

G96-996-C6

‘120G AJ3nod "€T0T ‘|e 12 1ndley

........... 0l

.|w | =

L 5

5]

[ o T

o e =

P —

- q LE
sl 5y ¢ Tz

as e

il 4 ere: L(g

(sg) otd s/1gns snjj1oog
(as) 1piojnoq °s
(413D) |0J3u0)

lIp4bjnoq °s ‘Apnis usjlo.g

VMV
OLLISHIAIN

42



NIVERSITY o
%EI&W&R}‘:

Broiler Study, S. boulardii

Bacillus subtilis B10 (Bs)

S. boulardii (Sb)

Control (Ctr)

a.

B3 Ctr

Jejunum

E3 sb
ES] Bs

slgA

mW LS

= RN

IL-10 TGF-8

TNF -

[L-6

T004

6004
5004
4004
3004

/81 uonauaas aurymL)

800+

700+

0+

1
=

T T T 1T
o o o

S & & & S
T F S &8 =2

uoissadxa aane[ay

43

Cldn3

Cldn2

uorssaldxa aAne[y

1@ <
L h
-] i
ﬂé VS o
-] RN -E
1 =
g -
2 0
7
[,
-
[_.
Gl A IS IS IS IS IS D
= -_']
= —
] T T
= [ ] =
ol o T
| -l =
(3/81) uonaiaas suryoA)
LN
(o]
<
A
NZ - 2
£§-8 o)
'-‘E —
(@]
(V)]
: Loz
=] !E :
@] >
@]
(a
™M
= i
- S
] T T T (U
o o o © -
o o o O 5
—- O Wy <t
Fus)
>
_Q.
©
(a'es



(3/nJ3 10T
x Z J0 p/3 QT) /lp40jnoq °S |eSeWOqy —
l91em |esewoqy —
Sjuawieal|
19sdn 3AI11S93Ip 92NpUl 0} pPauUsIsaq —

yvcie
suluuldaq y 9 AJana aso1onJijodi|o

Mg 3/38 §Z°0 J0 sasop as|nd
|lesewioge {7 PaAI9dal SJ931S ||V

S1991S Ul /1pJDb[Nnoqg °§

”.E.__.@.__.m..__,ﬂm_@
O L LISTIAIN

44



95010NnJ4}03I|0
|esewoqge Mg
M/35T0= -

AW ‘93elde

v8¢-v6 SVI '9T0¢

wo |11

¢L 99 09 ¥S 8V ¢¥ 9¢€ 0€ ¥C 81T ¢T 9 O

\

0]
0¢
0€
oY
0S
09
0L
08
06
00T

91e108| |0J1U0D) —o=—

1

\
\
\
\
\

9lelae| lipJejnoq 'Se &=
V4A [e103 1IpJenoq °S- &= V4 |B10} |[0JIUOD) —4=—

S199]S Ul 1ipiblnoqg °§

‘|e 19 A9|ssalD

INW ‘91e10e7+V4A |el0L

Am{?mﬂ,*@
401 TISVAAIN

45



L6VT:16 ‘SAT ‘800¢ | . . . . o
““|e 12 saey|eSe|N

dumaraans vontodosg

(dX A puowelq) a4nyjnd 1seaA 2%z Yiim uiels Jayieis —
ulelg JalJels |0J1U0) —
:S]USW1LDJ] Z ‘SOA|RD ZTG o

S9A|ED) pue 1SEdA

xm......ﬁ;ﬂx@
O L LISTIAIN

46



p/3 ‘asop AHA-DA

09

0t

[T Aepm

[ Kepo

‘0 yum wnyiedisod p g 01 winyedsad p Tg wouj paq —
SMO2J UOI}SUBIY Of

—y—

=
=
20

- 00C

00F

009

u/su ‘3] (e

0001

00Z1

L 8 |

06

p/8 ‘asop AHA-DA

09

0¢

0

1T Aep m

¥1- Aep

(- Kepo -

(xeuew|9)) 1seaA pazAjoipAy
AjjeannewAzus snjd ainynd i1seaA p/3 06 10 ‘09 ‘O€

SMO)) pue 1SeoA

=
<

ey
=

0 ‘98] urunqeso-puy

b
=
o

47

THVAWTA
10 L LISHAAI

@



o|dwexa 1sea)\ —

uoljewwe|jul 9snpaJd pue ‘wni@yida

1n3 9yl AJ11J0) ‘DwolqoJdiw 1ns 9yl Jajje

01 |00] |njasn e apinoid Aew saldaledls Sulpas
o|dwexa YYVS —

uoljewwejul o1walsAs

pue |eJ0| pue yijjeay 1ng syoedwll 1alp ayl

}Soy ay3 10edwi swolqoJdiw SAIISasIp pue
£1S93Ip Ul Ss9dueyd pue xa|dwod aJe Ssanssi} 1no

S93eSS9|A\ QWOH 3y e]

”,_%Eﬂ,,_@
101 LISTIAIN

48



iNOA Jueyl

Am{?mﬂ,*@
401 TISVAAIN

49



9102 ANM
10SS9}0.d 9)eI20SSy

19|qeo sejoydIN

sBid u] uonounj pue Ajubajul
J2UljSajul Uo SUIXopojus
pue s$saJ)s Jo S}oai3

90USI0S [ewiuy Jo Juswieda(

, ALISYAAINN AIVIS YMO]




90U8I0S [ewluy Jo Juswedsg ALISYHAINN 4IVIS VO]

AU PAIINPIY
puewd(q
I[OBIJAl P19V
paanpoy Ajjiqejyold -
SI [BN)UJ}0J YIAMO0.IK) \ﬁ__mu_ IO\ -
buieg|iom -
sajel YMolg) -
ayejul pssd -

1oedwl sabus|jeyo Alojewwe|jul
pue saunwuw| ‘ssaJl}S ‘uollouny |eunsaju| -

UOI}ONPOIIU]

51



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

bulag|jem pue aouewlolad Bid paonpay «

SSaJ]S a)ewlI|o pue (" 918 uIx0]ooAw)

uollIINU ‘@seasIp 2148JuUd ‘ssaJls buiueam

0] anp pasiwoidwod ag ued sbid ul Ayubsyul 1oe4] |19
uonewuwejjul pue eixodAy o) s|qndeaosng

sise}jsoawoy bululejuiew pue uoleoso|suel)
uaboyjed bunuaaaid 1o) Alessadau Jsllieq |eulnsaiu

ueblo sunwwi abie

uondiosge pue uolysabip Joj juenodw

210el] |9 ay) uo snooj AYp

O

O

O

O

52



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

Wa)SAS SNOAJBU 2148)UD
ay] Aq pautanob aue joel] |9 a8y} Jo suonouny Auepy -

sueblo Jayjo wolj Lede
WBY] 18S JoAI| pue 1oel] |9 ay) Jo sainjes) Alojeinalio ay| -

Jjuepunpal pue aAljoetaul qualolys AlybiH -
uonezijeloads ey -

sueb.o SnolJeA JO Ylomlau
aAleJadood pue xa|dwod e s)o9|jad WalsAs |9 a8y -

JoBJ} | By} JO UONOUN

53



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

oSuU9Jop 1SOH 9
uonaJoXg G
uondiosqy v
uonsabig ¢
uolLIoas ¢

Ao

119 9y} Jo sassaoo0id Ay -
Joel] |9 8yj Jo uonound

54



90UBI0S [ewluy jo Juswpedag ALISYHAINN 4IVIS VO]

aplieyooesouow se pagiosge Jng aplieyooesouow
pue saplieyooesIp ‘yoJels se jalp ay) uljuasaid st OHD -

sopndad |jlews pue yy Se paglosge
1nq sopndad abie| pue suiv)oid Se pawnsuod uld)oldd -

VY44 pue 9VI|AN Se pagJosdge 1Ng 9V | Se pasawunsuod sjeH -

S)20|g Bulp|ing Jo |8n} JO 821N0S e Se s||82 Apog
ay] 0] 9|ge|ieAe pooj ul sajnoajow dlueblo pawlojaid
oy} @yew Ajjesnewolne jou seop bBunes jo jpe ay| -

|0Jju0d 8)ledde 0] se)ngluod oSy -

JUSWIUOJIAUS [eulalul S Apoq 8y} Ojul
Je8 8M SPOO0J 8} Wolj S8)A|04)08|8 pue Jajem ‘syuainu
Jajsuel) 0 SI joed) |9 ay) Jo uonoun) Atewnd sy -

JoeJ] |9 8y} Jo uoneziuebip

55



"panJasal s ||y "ou| Jeas|3 Jo Jundwi ue ‘sispunes Aq 60DZ @ 4BuAdoD

B sisayjufsas sejnj@oeiul

~ Aa pemojio}

sisfjoiphy reunun

sishjoiphy sejnjeoenu|

Jewouow 0} Jawobio jo

sisjospAy sepioqusnig
a8s0song

uigloid siewouow 0} sawAhjod

00 < 0-0-0-0-0 0 SiSA0IPAY feULM
8s0on|n

O g

IdNvX3 NOLLS3DIa

..co_EB\wn_,q pue uol)sabi

56



8LTH-19TH:81:L00T 113D “[01d “[OIN & 19 I [ qRIdIeH|

[eordy

ALISHYIAIN(] 4.LVIS VAO]

PO [ | uxouuosgro abewep pue uoljewwe|jul
u dowisa

a __..u.%._ ‘SS8J)S 0) anp pasiwoldwod
suotounr esere a8 ued Jaleq siyy| ©
rv [ Shdees-gro

| uneuped (ro) suonoun( deo .

| wornusoen (Q) sewosowsaq -
rL m““«n“_..,_w-nm (ry) suonoun( uoisaypy -

N (rL) suonounlyybiy .

Jalieq |eljvylds
9} wJoj} sexa|dwod uoisaypy ©

S||99 [elj@y}ida paziiejod ©
sjonpoud Alojaloag o

suoljoeJajul uldjouad-uiajold ©
co;mN_cmm._O Jaleqg |euijsajui

57



ALISHIAINN J.LVLS VAAO]

sMaINRY |ed1bojoisAyd

wysws—— FJTISANW TVNIGNLIONOT ANV dVINOHIO

2
\
m \L.\ﬂ SHOINIU :
,\q JLI23u5] e

&aoypidod g

Sjjoo aunuiud |

RS

B
/

:.... o i
29-W

s ‘/‘/
sopfd0427117] 1122 121q0r) QULIDOPUI0IJUT] o

58



‘uteyo 1ybi| uisoAw ayy sejejAioydsoyd yoiym (MOTN)
aseuny uleyd 1ybi| uisoAw ayj Ag pelenbau si Bull uisoAwounoe ay) JO uonoenuo) -
‘Alubajul Jalueq
[ 8y} JO uonenbal |e1s|eysolfo ay; sywliad Bull uisoAwouloe ayl Yyim uonoelaul o -
"uoljouN) pue ainjonJls ] Jo 8dueuajulew
ay] 0] |elIA SI U0)8|9XS01AD unoe ayl yiim suisyold ] JO uonoelalul ay |

‘Bull
uisoAwounoe |euonoun(iiad ayj 0] sulgjoid saueigquawsued) ay) Joydoue uiny
ul yoiym ‘suisjoud (OQ7) suspn|oo0 ejnuoz ayl| suisjold Bulipjoyeos 21j0s0}Ao

UlIM JoeJalUI Sulslold aueiquiswisuel] 8say] JO sulewop Jejnjjeoequl ay |

‘uoljew.oy) ] 01 8ynqgrLuod (ulneol pue (V) 8jnosjow uolsaype
|leuonounl ‘suipne|o ‘uipnjo20) suldjoud JO saljiwe) aueiguawsuel) JNo

Apgeswiad
Je|n|j@oried

59



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

Aljgeswlad ] pue
uoIezI|eo0| ulpnjo20 sajenbal uipnoo0 Jo uonejfioydsoyd
Buluueds aueiqwawsuel| -

uipnE2QO -

A1IA1108|8S 11N\ Il
AlIAj098s uonen I
A1IA109]8S uoIuy |

:AlIANoB|8s Jo sadA) ealy) uqiyxe ued Aay| -

‘sSaunsaul
9y} Ul passaidxa ale G| pue gl ‘@ ‘2 ‘G ‘¥ ‘¢ ‘¢ ‘L uipne|y -
‘sule)old Bulwuoy [eas Atewlid ay) 8q 0] paJapISuod aly -
sulsjoud Jjequiaw Ajlwey Jz~ -

- uipney -

SUIBj0ld uorounf bl L

== — ) =

T89E-LLIE TTI-800T 1S 119D [ M WNBN * S N Bpedq

60



90UBI0S [ewluy jo Juswpedag ALISYHAINN 4IVIS VO]

'9ZIS
s,9lo111ed ay) uo buipuadep
sAemyied [edisse|o i
OM] SHQIYX® s]||90 |eljaylida
JaY)o pue s||82-|/\ SsoJoe | i
a)noJ Jejnjj@osued; ay (9) - u.wwe_m.
g
asuodsal Sepan e
aunwuwi ayj Jo siojoe
ay] aJe ydIym Sj||9o0 aunwiuwl
BulAjJapun ay) pJemo) e
elI@)oeq pue suabiue © @

|leuiwn| podsuel) s(1@o-N (q) -

AljigeswJsad
Je|n||@osuel) Jo swisiueyos|n

61



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

(UIXOJOpUSd pue SUIX0]02AW "8°l) SUIX0) pue
suabouyjed o) Ajljigeswlad [eunssjul pasealou| -

uolounj) paonpay -
a)lladde paonpay -
Alubajul jeunsajul paonpay -

Uljesy pue asuew.oliad
saonpaJl aullsajul pasiwoidwod

62



90UBIOS [BWIUY JO Juswpeda( ALISYHAINN 4IVIS VO]

2€G-€2G 1276 "I9S wiuy (9102) ‘|e 18 J9amyds
22G-¥1G 12:¥6 "10S Wiy (9102) ‘|e 18 Joemyds

NOILONNA TVNILSALNI
ANV dONVINJO4d4d
Old d3MOYOD-AdTSANN
NO NOILO34NIFOO SNAIA
ddd ANV Sdad 10VdINI JHL



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

Idp | Z 1e SuoI1109]|09 esabip pue anssi Joj sbid paziueying -
Idp 0Z-/| Suond9||0d [edd) Joey) [ejo] -

Apoom pa)osg||oo so|dwes poo|g -

Ajoam papiooal ayejul pea) pue syybliem Apog -

asop/NAd 01 J0 21v4 v v
(E102/$8681/P10I/V'S1)

9d AdHd P2uops
-anbnyd a3pjost ayy ym
uonvINI0U1 d1ISVIVAJUJ

sbid m\g 6491 -

ASYN U Jo 2ouappainba
d1MOUIT L[ 40 JUIIDS YJIM

UORVINIOUT AD]NISNIUD.AJUT

puv [pSpupapuf
uoneydepe . .
Y
/\
[ @ ® @— — =@ "
dp 17 dp 1 dp L 1dp ¢ 1dp ¢-

Abojopoyia|\

64



90UBIOS [BWIUY JO Juswpeda( ALISYHAINN 4IVIS VO]

el % ‘®uIsAT AIS
ev'e 63/1e0N ‘3IN
6€°€ b3i/1eoN ‘I
palenojen
0¥°0 SpPIXOIp wniuey |
200 000¢ shoydndQ 8|gels jesH
¢¢0 auluoaly| -
6L°0 auluoIysN-1d
GG'0 %Lz ®eydsoyd wniojeoouo
0€°0 Xiwaud [eJaul ¥ UIWBYA
Geo 1es
0G0 auISAT
60 awli
00°L I0 ueagAos
00°G SOdd
00°0¢ NS
€609 ui09 ”— =Y D

juaipaabuj

65



) ﬂ”% o .ﬁﬁvﬁmw 4. oy A0 .w..,,._ea 7
S AN e @il
» LR o \ R V. i
&.v\ et | Wm NG Y & 9
. K . & -
OHI HSI SHI  HSI
ASddd + Addd ATuo AQdad
€000 910 Gl Bou ) Bau dp 12
0L'0  ¥L°0 ) Bou ' fou dp ¥|
19} VId EXSddd
9€'0  9€0 € Bou 6 Bou dp |z
790 1€0 6'¥ Bau Z'S bau idp 1
1911} SY¥d ¥2dO L+BoT

anjeA-d AQ3d AS¥¥d [ohuo) Js)oweled

olisoubeiq [esiuln

66



90U8I0S [ewluy Jo Juswedsg ALISYHAINN 4IVIS VO]

s 9ouewopiad ymmoub uo joedwi ayj st Jeypn

67



%0¢-01 psdonpal 49 -
%0€-01 psdnpal |4av -
%0G-0¢ pednpalr Hav -

SooualayIp Juswieal) sjussaidal GO0 > doqe
pabus|ieyd SnJIA SA AJBU SNUIA JO }SEeJju0d |euoboyl Qg
pajosjul AQ3d SA @Aleu AQ3d 104 }Sespuod [euoboyuQ,,

PaJ0BJUI ASHYHd SA SAIBU ASHYd 10} }SeJju0d [euoboyuQg

(d¥d) payosjul-0o ‘(g3d) pejosjul AQ3d ‘(SHYd) Pejodjul ASHHd Juswieal) Jad suad 9=U,

(Joyuo)) anreu snuiA ‘Ayyesy ‘Juswiead) Jad suad g=u,

600 8000 9000 S000 200 alt’0 950 950 e9°0 4:9
2000 900 100°0> 2000 ¥00 €L0 260 80 y0') 6% ‘14av
L00°'0> 1000  L00'0> L00'0> ¥00 oF€0 qelG0 qbt0 e€9°0 6% ‘oav

aouewWIoLdd P LZ-0
68L°0  L000> 000k L000 SO0 ol€0 og6E0 o290  qebG0 4:9
G000 L00'0> 9200 €000 00 al90 q88°0 =20’} eCC’ | 6% ‘14av
1000 100°0> €80°0 000> ¥00 q0T0 oSE0 €90 2990 B ‘oav

ooUBWIOLSH P LZ-G|
G60'0 1980 €000 0200 €00 @GS0 G900 €S0 e59'0 4:9
2600 L¥P0  100°0> OO0 SO0 920 e¥60 al90 eG6°0 6% ‘14av
€000 9050 1L00°0> L00'0> €00 qlb'0 el90 oGED e29'0 B ‘oav

9oUBLIOLBH P ¥L-0
sUONIOYU| ,G3d SUHd 1184920 oo 203d o oung Llonuon Jsjoweled

anjeA-d4 + SHdd

90ueWwJol8d

68



90U8I0S [ewluy Jo Juswedsg ALISYHAINN 4IVIS VO]

suolnouny
pue Abojoydiow [eunsajul uo joedwi ayj st JeUpA

69



sojen[Iyul sojen[Iyul
A10jRWIWIE[JUL P[IW A1ojemuIwIe[Jul )|
‘uorsn] pue Aydone  QWOS ‘TOISNJ pue sagueyo sagueyd
sn[ia a1eropojy  Aydoare snjfia plijA [edrgojoydiow oN  [eor3ojoydiow oN
‘T’ = 9100G UOISYT 9'C = I0JS UOISAT [°() = SI0OS UOISAT () = 9I0JS UOISI|

pasuajieys AQ3d + ASHYd

pasuajieys AQ3d pasuajjeyd ASHYd TOYLINOD

wno|]

wnunfap &

wnudpon(g

$8100S AJIAIOY 8seasi(] |eo160]0)SIH |e10 |



90UBI0S [ewWIuy JO Juswneds(

00°L
(c00°0=d) .

i 00°L I4av
(L0000=d) (L000°0=d) .

o - 00°L oav
(€100=d) (e0L'0=d) (5100=d) 01098

€G°0- 1€°0- 2S°0- 00°L

49 I4av oav 9109S

SJU3IDILD0) UOoIJe|aLI0) UoSIedd *
9100S AJIAIJOB BSBaSIP v i e e me ciwoae |
ABOJOISIY U} UIM  © e e s T e
pajeja.lioo Ajoanebsu . o o

Sem aduew.ollad X1 101d 19Me0s

s8109S AlIAljoe aseasIp |edalbojo)siy pue
aouewJopad 1dp | Z-0 usamiaq suole(alion




GO0 > doqe

y Jad uisjoud Bw Jad pajelaq)) 'd jowr = AyAoe ased1v-.M/+-ENs
utejold 6 Jad uiw Jod jown = AyAnoe esepiidadoulwyg
utejoud 6 Jad uiw Jad jown ‘esoan|b pajelaqi| = AlAoe swAzu3,
sloqueyd Buissn palipow Ul pajoNpuod JUSWSINSEAW OAIA X8 POZ|[BUWION,
sloqueyd Buissn palipow ul pajonpuod Ajljigeswlad |es0Jas 0} [BSOONW B(Y {7 UBIIXap-8)eueAd0i1yjos] uigasalon|d ‘vQdg

pabus|ieyd SnJIA SA BAJBU SNJIA JO }seJjuod jeuoboyuQ,

pajoajul AQ3d SA 9AleU AQTd 404 }Sesjuod [euoboyuQg
Pa)0BJUI ASHYd SA dAlBU ASHYHd 10} ISEAU0D [BUOBOYHLO,
(d¥d) ddd=p8108jul-00 g3d=pajodjul AQ3d ‘SHHd=P3}0djuI ASHHd ‘Juswiesl sad sbid 9=u,

1180 9¥S'0 SE00 +900 ¢LE 88  S9Z  OLE 62€ 69SEd V- M/+EN
JEL'0 /Y90 6L20 O9Ov¥0 0S50 8ZL  LZL LEL 6L gosepidadouiy
8660 100°0>2000 000> ZL'L  o@¥  qv'C  «SEL 499 ,8seiong
9z6'0 2€00 0SL'0 ¥900 v¥SZ veEL V2L 21lZ GGl /OSElEN
959'0 €00 SETO €€00 PO  abb @8t SV @el? ,OSEOET
96L'0 2ZFZ0 18G50 €200 ¥EO qZS0 qebb L e80T  ¢SL0 NV ‘gHodsues suIsAT
0ZL'0 66L0 8YL'0 6000 8Y0 880 e80€ qebll  al60 NV ‘gHodsues; sujwein|o
66,0 1000 ¥200 L000> 8Z) q28C o¥8L el0OL oSPY NV ‘gHodsue.) 8s0onj9
¥80°0 6L0°0 L00'0> L00'0> 900 oL  q¢90 el 0L NV 'geOuBisisal [elpyydesuel]
€0L'0 0ZL'0 9800 2600  LbE  LLL Ll 86 6¢ NV ‘sbA< OAIA X3

JUONORJU| o@Td SHYd [1BI9A0 a3d

— W3S o gy O3d  S¥¥d [onuod J9)joweled
CO_”—OCDH—

leunsajul Js}je Ajlenuaisyip Q3d Pue SHYd

72



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

S9OUBJBYIP JusWIeal} SJuasaldal GO0 > dqe
pabuajieyd SnlIA SA 8AJBU SNUIA JO }SBJJU0D [euoBoy Qg
pajoajul AQ3d SA 9AleU AQ3d 40} Iseljuod jeuoboyuQ,

Pa)08JUI ASHHJ SA SAIBU ASHHd 40} }SBIjU0D [euoBoyHQOg

(d¥d) pajosjul-00 ‘(a3d) perosjul AQ3d (SHYHd) Palosjul ASHHd ‘Juswieal) Jad suad 9=u,

(Josuo)) aaleu snuiA ‘Ayyesy ‘Juswiesd) Jad suad ¢=u,

sploe
6920 OSV0 Y90 1S90 ¥.€ 899 G¥9 669  L'89 oulwe [ejo]
0£4°0 1620 ¥ES0 €2¥0 LL'P LS9 029 €0L 089 usBouniN
JEL'0  2ZFO0 60¥V0 8020 SkZ 069 ZLL 8SL  L/J  Jepew dluebiQ
8120 €00 9650 GOS0 €9€ 88y 605 V.S €6 Jepew Mg

arv
G700  ¥000 00L'0 ¥L0O0 06) o6V, l'08 el¥8  6G8 usBouN
L00°0> L00'0> Z9¥'0 L000> 060 o89. ofZ.. P98 2.8  ABiouz ssoin
¥/1'0  0LO0 E€¥90 €00 8L0 o268 E06 elT6 b6 Jonen ouebio
1000 L00'0> ¥E€Z0 1000> 060 ql08 o818 eS/8  eL'88 Jepew Aig

aliy
stONOOM »/03d _eSded NBPPA0 \\qe ,qud .a3d SH¥d 1103U0D J9joweled

anjeA-4

AJllignsebiq jusleddy

73



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

umouyun sasso| snouabopus Jo uonnguUuo) -

soouaJalIp
ayejul pas) Aq papunojuod ag Aew ejep asay| -

(SYMd 9'1) o1woIshs
woJj Jayip Aew sabus|jeyo yjjeay Agid ouswug -

alv Jo joedwi Jjesso -

ABisua pue sjualinu
Jjo Ajjiqnsabip 1oed) |e1o) Juasedde saonpal AQ3d

AJllignsebiq jusleddy

74



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

NIXO1OdNA3

‘apueyaaesAjododry jo aimonys
1 A

spioe feq

v pidr]

ajeydsoydip
apueyasesiq

apueyaseshjod 3109

spun Qf jeadal
uabgue-Q

75



uopenBeos JenaseAsU|

‘218 JOjoRy anssiL \\\1 yim yroys ades
28 "ANL - 1o

S

(2002) PIPIYA PUE Z)oey]

uaaau) jo Bujiea)s

Bupssasosd sOSIN38i4 LD

o,

uondussuey HPdYH

(47} ujaioud
Sd1-d87 Buipuig-5d1 wueg

il
YL Pue 10D
0} Jajsues) m
Sd7 pajelpaw-487 FEWQ ._.Ew

5d1
PELE|F0S3H]

R
UOTIRAIE 1204(0 EW mﬂﬂ
\ fro2 &.....utmﬁummEW

uoljewiwe|jul 21Wa)sSAs pue |eo0] JO JuswdojaAsp ay)
ul ajoJ Juelodwi ue sAejd uixojopus |elia)oeq paALIBpP-1ND) -

sossa20.4d Alojewweljul pajeipaw Joydaosal sajeAlloy
SopeoSed aunwuwi Jo Jojeniul Juayod AjgipaJsou| -

B||jouow|es pue 1|02
"] Sk Yons eliajoeq aAljebau weldb wod) paAlsp SI ulxoopuy -

¢, UIXOJOpUS S| JBYAA

76



uolndiosge e} bulinp uodsuel) pajelpal 9921\ -
(17471) sisolAoopua pajelpaw l0ydaosy =
9)Ao0lJ9jua ay) ybnouay) Jyodsuedy Jenj@osuel] ¢z
UOISNYIP DAISSBH =
Inb Ayee, -
suonoun(ybn ybnouyy podsuel senjgoeied ‘L

JpLs Jedajejoseq

a3n0d a3nod suoLjsunl 3ybLy
JEYRY 29 JEIAY e

-SUEdY -eded apLs jeaprde

/2 uonenouo
J8]U8 UIX0)Opua pPaALIap d118JuUs S80p MOH

77



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

(UIXOJOpUSd pue SUIX0]02AW "8°l) SUIX0) pue
suabouyjed o) Ajljigeswlad [eunssjul pasealou| -

uolounj) paonpay -
a)lladde paonpay -
Alubajul jeunsajul paonpay -

Uljesy pue asuew.oliad
saonpaJl aullsajul pasiwoidwod

78



/661 “le 18 [8gaA

sinoy 71-8 1 (NNd) uagonru eain
ewise[d ur 9seaIduI P[0J-921Y} Y} 9JON

s3rd Axasinu ur
aguayreyd (Mg 83/SdT 31 ¢) uonoaluy

apueyddesAjododi
JO UONBN[BAD 9SINOJ JWI],

uonoafur-19ye Moy

ALISHYIAIN(] 4.LVLS VA\O]

(sOy) seoads
uabfixo anoeal pue

uononpoud auyoifo
Aojewwepyui-cid |

uOnELWWEUl
sajenbal
Remuyyed gy 4N

9SBIOUI PO

Apmyind Bulpubis soidadal ay| |01

Sd 0l asuodsal oUNWwl ajeuul |eIISSE|D

79



90USI0S [EWIUY JO Juswneda( ALISYHAINN 41IVIS VO]

Sd poleadaym oulleS w

p/6 ©av p/b ues p/6 184 p/6 DING

G'e¢cl
e

sAep g 10} Sd1
Um pabuajjeys Ajpajeadal siaj104q p|O YoM G

¢, SUIX0j0pua Jnoge aled am op AYp

80



S[[99 ULIOP
WUy

(€002) T8 10

S ‘Trequury

anapy

T3 7T 3

|

[T

ES

o

{umsng-A @)
uoie|Asogdsogg | 48-Tr

{spum Lrenepe)

A1 YL pARsEy | Jgp

[uyEro §dT1 JwyEn] S4T [wWFup0] SdT paeanup)

AIN[)] HLVILS VAO]

[

r L8°0

. FS0
F9°0
FL0

[u/Fu] YD

60
!
-1l

Y SIS0J8|0S0IaYlY -

a)lledde sessaiddng

1T 3

AL e -
AT |-
A

(s L
ey, e oy Loy oS

(I sy
BHFZasy e uopuy Caoydseag 01w sy

sojoqgelp || 8dAL -
uonounjsAp/seseasip oljogels|\ -
aseasI(]
wisijogejed uiejoid pue sisAjodi -
SISayjuAs
uiejoid ajosnuwi |e}g|ays suqiyu| -
wisijogeleo anssi |etsaydiiad

uonounysAp [eunsajul jo Juswdojaas(

¢/, 81ea am op AYyp

81



[oauo)

170
0
£
0
50
r9°0
L0

UELSID[A] UEYSIIJA MA0x MAOA
Sd1T [00U07y Sd'1 [01u07)

il

01
L
L
Llid
s
09
L

-8
o
-1

(2002 "B 19 c_g_<v paalig pue S47 0] pspuodsa.

z
=

LWy v aodsued)y suisodaesAdA]

WU % 5 "uE)sIsIy

Alleiuaiayip uoiouny [eunsajul [lews

UBYSIIA]
Sd'1

._E_m_uz
_.....:_:cu

N0
Sd'T

HA0A
[ouo)

-5t

‘(SO0 > d ‘uonoeidjur) aInsodxd SJ1

JO U 4 pue paaiq 3id Aq pardayje se
11odsuer) 9soon[3 judpuadap-eN [e9[]

;U”N'ﬁ Vv ‘yaodsuea) asodn|s [ed[]

82



90UBI0S [BWIUY JO Jusweda( ALISYIAINN 41LVIS YAO]

Surdweg
eiseueyng

P-+ pP-¢
h\ - ~—

¢
[

(suonoaluy ¢
Jo [m103) ygp L1242 §JT ynm uoysaluy

doue[eq-N 93U9[[BYD-1SO0]
uoneydepe p-g

N —- l rw&

@ == == == =
=
= vl=

./ =

141

auiles joJjjuon »

( % O pue 0g ‘0c Aq eseaoul ‘Mg
,-bx°61 og jo asop jeniur) ugy Aana (Sd1) epiHeyooesAjododi|

JO sjunowe Buisealoul Jo uonoalul Jejnosnweljul pajeaday »
(+sSsI) uoneINwIs waysAs saunwwy| -
ubisap |eloudr) «
(“le 10 yspueysyyey)
|]apow abus||eyo sS4 poieadal suims

83



90UBI0G |ewluy Jo Juswueda( ALISHHAIN(] 41LVILS YMO]

14471 I44H
L00 SS/xauri - G°8¢€
100°0 > SSi - 0°6€
280 aur] *oo.oﬂ 90 _,mc.oﬂ 60 - G6€ Do
senjea d SEEITE] - 0°0Y
- G0F
aAnIv.L2duid) 030y
14471 I44H
LO0 SSIx8urT - 0°L¢
1000 > SSI - G§°LE
090 oury .
*8.?.\ 9'0 * 100580 = 0°8E Do
senjeAg  Joajg
- 6'8¢
+SS|® -SSIE
- 0°6¢€

adnip.Loduid) oAy

asuodsay 9|1uga{ — S)nsay

84



14471

+SSl|
-SSim

L0°0> SSixauri

L0°0 > SSI

L0°0 > aury
senjeAd  1oa8f3

L
=
L
=
99 &
@
- 08 *SSIT g00  ssixeur
SSIE oo SS/ - 89
050 aury
SonjeAd oo
poliad

€ 4 l
_ _ 00€
e ooy o
St ae TS~ I )
- ~__ o0s 2
Py T~ - 009 S
~<__ | 7]
% .......... A E— —9 oo °

- 008

+SSIIdYT-v— =SSIId¥7—%— +SSIId¥H -©- -SSI IddH —e—
I eIuUI P

aouewload Bid pue g4

85



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

Anliqusabip 1oeJ) [B]0} PUE [BS|I S8ONPa) ST YIM S|

. . . . . J9)jew
900 20 L00 20 06 L6 €0 06 06 auebuo
200 #00 100 90 6., 28 L'l 8. 08 ureyoud apnin
€20 /L0 200 ¥ZO /8 88 G90 98 /8 Abiauz

% ‘dLLlV

. . . . . layew
060 00 0.0 TS 6, /8 €9 08 68 2IueBI0
G90 €00 8€0 6'€C 9. 18 'L 6, Z8 uisjoid apnig

% ‘dlv

SSixdur] s§§| 98ury 3§ +SS| -SSI IS +SSI -SSI
anjeA d 14471 I44H

AJjignsebig pue Sd7

86



90UBI0S [ewWIuy JO Juswneds(

8.0 SS[xaurj
GL00 SSI
GG0 oury
sanjend  Jo8y3
8¢0 SS[xaurj
G0°0 SSI
8¢0 oury
sanjend  Joay3g

El=l

|44H

+SS|m -SS| =

441

+SSI =

|44H

-SSI =

N © © ©
— — O O

N Q
o o

<
o
d

L0
N

(ureyou
Bwy/n) uoissaidxa
uiajoid ¢-NIONIN wnajj

Q0 Qo v o
N ~ - O o

(Jjon3u09o 03 aAnejal)

aosuepunqge
auab z-NIDNIN wnaj|

87



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

4497 IddH 14497 Id4H
| | o | | O
1 3 W
>5 Y
% ¢ 25§ 3
e g@ 5
SS|+0 % = -¢ o 5§
SR 27
SSI- = 3 T % >
£9 QHA.& SSI X aul'] G 99°0=d SS] X dury .
(I 0=d SSI €10°0=d SSI
[[0=d U] [£0=d *ul']
090 090 €€0 6 6€L GEl Gl 92l Ol  1wo0 "¥3IL wnyj|
00 990 ZL0 020 90 S0 60 91 O sulwen|o
6r0 G000 v.0 00¢C 0¢l 09 00¢ 00l 0% 9s0dN|O
Woyynyy ‘Jodsuedy yusrynN
SSixdull1 §SS| 8ull IS +SS| -SSI IS +SSI -SSI
onjeA d 14471 I44H

ejep poo|g pue pyodsuel] jusunN

88



"S1T0L2 :(8)8 ANO SOTd £10T ““Te 19 20189d

"HY %0%-GZ ‘U ¥Z 104 D -GE ueisuod ‘sbid By oG~

SHm=
NLm

T
S
wn

001

0S1

00¢

NV ‘urxejopuy

o /urw/Juiy/gn ‘Ariqeswrdd ey ¢ uenxo(-) LI,

90UB)SISAI [BILNIJ[A [erjoyiidosuel],

00 S e+ LSI SSE+ LT Anqeswrad g uofo)

10°0 80l +6L €6 0+9¢ Anpiqesuniad ] wndg

10°0 £8+ 201 L+ U0 X 75 “Yd.L uo[o)

10°0> 98I + 88 VLT + ¢8I (WO X 75 Y.L Wnd[|

anpa-g SH NL JpueIed
JUSWIUOIIAUT

AlljlgeswJiad uIx0]opua |BUI)SAlUI SBSBaJoUl
pue Albajul [euljsalul Seonpal Ssal)s JeaH

89



UOIIBAINDY BU

UOIJeWWE|JU| ]

nwiw|

1

v_ 3IUBLIIOLIS4 PUE UOIIINPOId }I0)SAAIT Panpay

w3 uol P

wJua] Joys ||,
— Hodsuel] Juainn

9)Eeju| pe24 p2anpay

[

||||||||||||| » )jelu| paa4 paosnpay

MO|4 Poo|g 1|9 pPaanpay

SUIX0)0IATA
' \—, grie IN)
| A3ojoydiopn S||3D) duIIdOpU0IAIU]
m.v. AJjigeawuad paseatou| paJaly jo uonezuejodag
Em_comm Uy 9AJ2N shse
i
| uonejAioydsoyd TN | SISOpIoY
T::-.. |||||| UOIIBAIIE MDA suoljesayje dwnd uoj
| duiuadQ uonounriysi uona|dap 41v
i ‘_. % »—.
]
i
bemmmmmemeeay | SS3UISIAIEPIXO LID (€——>| BIXOdAH 119
| A P

VIWY3IH1Y3dAH

90



90UBI0S [ewWIuy JO Juswneds(

10 10

o agmaiay  [OUSL] 10 J3AI PO [0 INU0D0T) aunesg

L L 1 1
5 2
Je
e
q

T

(ddeq)
JUDIDLIJA0) UOHBIULIDJ UIXOJOPUH

oulles

qe

O =¥=—
OA-@—
0D =

| B D D DR BN B |
W LS
— e p—

- 0

- 09

- 0'8

- 001

- 0cl

oo insnn B v e o R
SOOI

/2 (jw/n3) uxolopug wnieg

(Tw/nd)
urxojopuyq eijjoq

Vv

9:01 Wsjoqela) 9 UoRLINN €10T “IV 18 IUel BILLIOX0)OPUD
leipueid)sod pue Jodsued) uixojopua |eulsayul
sa)e|npow Ajjenualajip uonisodwoo |10 Alejai(

91



90UBIOS [BWIUY JO Juswpeda( ALISYHAINN 4IVIS VO]

DI + adgn AOII + Aogn
ROFMOI0D TRINN00D .  HOuHES e [10 INUOJ0)) [10 1NU00)  + AUIRS aurfes
_ _ : -0°0 - _ E———
L 0'0Z — # - €0
£ q .
| 5 LT
Loor 2 | <3
=. 3 -1 =
0% ve ; 0z 8
c B e . -
008 2 = B
=g Foe S
_ - 0001 2. - B
— ....hw ) B m t
il
- 0°0C1 = - 0Y
o
- 0°0r1

=

9:01 Wsloqeld ® UoHLINN €102 “IE 12 VBN B|LUSX0]OPUD
leipueid)sod pue Jodsued) uixojopua |eulsayul
sa)e|npow Ajjenualajip uonisodwoo |10 Alejai(

UOIBAULId UIX010pUr]

«

92



90USI0S [EWIUY JO Juswneda( ALISYHAINN 41IVIS VO]

s|[92 |el@yyda Jeunsajul bid 0)
suabounwuwi Jusjod aJe els)oeq pasA| pue a|Joypn -

aIUCpIYoely

alaneq
alUopIYsely

aidne-
JIUCpIYdely

ailne
2IUCpIYaely

aidne
alUopIYdely

|0J3U0 D)
aidne

YHd

[:751 T+ Jg)

YHd

[:75 1T+ Jg]
YHd

[e3U0n

YHd

[63U0 N

o
=

-0

- 002
. . 00 ©
CHCSO N0 I =47 Palling _m.
LA O 3 2{0UAN L 009

CLx 023 47 8auen B
ZlM o3 sS4 palling B ) ! - 008
jucs [l P P
- 000L

Sa|nosjowWw S 47 1uaJayip yum Ajeoide
pajeal) Zr-Oad| WoJj UoNaIoas g-|

93



uojo) wWna3)| (W LISYIAINN ALVIS VAO]

uoneoojsuel] €
uonezijeussyu| z

goualaypy I
}SOY & [eusloeg

(0OLV)
d49 — wnunwiydAj
gjjauowijes -
Ausyowd
-gLd440¢ZLM 100 3 -
el9}oeq pajjege

o001 Bulusalog, -

siaquiey) buissn
ay)] buisn [apow OAIA XT

|apow uoljeoo|sued) |eliayoeqg

94



90UBI0S [ewWIuy JO Juswneds(

ALISHYIAIN(] 4.LVIS VAO]

Jauuew pajeipaw
1el/f4 L B ul uoleoo|suel] //09 "3 [eul}Salul OAIA X8 pasealdul aney
10 ueagAos pue pJe| Jo buisodwod sjalp 184 ybiH buiwunsuod sbid

100'0> | LO00> | LOO0> [8'GOL| qE0€ 56091 eG8 88l | MO
"yup x g | 103iqiyu | 381@ T 2 nik Juo9- py1l- | WuoD-
anjeA-d | anjeA-d | anjeA-d yeq yBiH | yeq4 ybiH | ye4 mo | je4 moT

"XN|} ZLM /J09 “F |esolas wnunlal oAIA X8 uo (uosaprosaeyds

Jojoeqopoyy woluj Sd1) 3siuobeljue alyioads $-y11 e pue je} Aiejalp Jo S}094)7

8700 | €¥L'0 | L000> |L'6EL| d696 5€1E1 €81 e/8L | MO
"yup x @ | Joyuquyuj | 3a1q yels- Juoo- yes- Juoy-
anjeA-d | anjea-d | anjeAa-d Was Je4 ybiH | 3eq yBiH | je4 moT | Jeq moT

XN} ZLM /]09 "3 |eso4ds wnunlal

OAIA X3 UO J0}IqIyul }ed uLixapo|24s |Ayjaw-ejaq pue je; Aiejalp Jo s}oayg

uoIe20|SUel) BLIS)OR(J SId)je Jusluod Je} Alelal(]

95



90U8I0S [ew|uY JO Juswpedaq ALISYHAINN 4IVIS VO]

sJopulg «
spunodwo9 21uabolAyd «
18qlj/saioigald/sonolqold «
1e) Alejaiq «
uoljewwe|jul Jo uonenuale pue joed) |eunsaluioliseb
ay] ssouoe uolndiosge elia)oeg/uixolopus Jo uoniqiyu| «

oouew.Joiad pue yjjeay Y00)SaAl|
aziuobejue sjusuodwog/elsajoeq siuaboyied aAnebau wels) «

Jajus Je|n||@osuel) sasioA ( Aye9|,) Jejnjeoeled «
BlI9)0B(Q dAllebaU Wel) SasIaA S4T/uUIXolopug <«
suaboyied o1ws)sAs soSsIaA olIBJUT «

sjoaye aAldiosge-isod pue -ald «

S90UBJBYIp poalg «

SUOIIPUOD 21j8Udb pue |ejuswWUOJIAUS 8y)] uo bulpuadaq «

SUOISN|oU0D

96



90U3I0S |ewluy JO Jusweda( aud ‘NAQd .cmso._._sm ou3
Aud ‘yspueysyey ysoouy
dud ‘ejA7 enysor -

aud ‘stiioH wir -
(Vddl) uoneroossy QUd “IUEJ\ USOIBSUBA -

S199Nnpolid 3104 eEMO| U dud ‘ediead yelesg -
Aung Agays -
J9aMYOS SOAN\ -

AlsiaAlun aje1s emo| -

(sproe Aned) 8//12-/10/9-¥L02 #
(ssaJ1s 1eaH) L000£-€00/9-LL0C #

119y ueug “1qg
Jagap\\ wo] (g
V| ‘'sewy ‘SYvY-vdsn ©

i ek it (I44) 02902-9029-040¢ #
r/ N sjuels) aAledwo) aAlenlu|

yoJeasay poo- pue ain)nolby ue
Aq pauoddns sem youessal Siy |

Sjuawabpa|Mmou oy

97



euozily jo AlisdaAiun

S9OUdIDS |edipawolg
aAneledwo) pue jewiuy jo jJusdwldedag

'd’Ud zelq axeng

SNOILDVY3dlNI
1VIION0T0Ig X31dIWOD 40 ASN3S
ONINVIN -S103443 NIXOLOOAN

98



Spoylaw |edijAjeue 12339g -

éposea.doul
SU.JI92U0d UIX0lodAw aAney AYymm

99



dulioyuow
pidey

9Alleliuenb
IS

aAllelnuenb Ajn4

SPOY1a|A |edilAjeuy

sisAjeuy UIX0}02AN

100



) 4

S00T ‘e 30 JoYeNy M

‘A|]9A1302dsaJ 40443 |B101 YY) JO %9°8 pUB 6°ST
‘G'G/ Inoge 40} Junodde Ss104J4d SisAjeue pue uoljesedald ajdwes ‘Suljdwes

00T 8 VSt |e10|

9'8 ¥ 0¢€ jonbije T ‘Aesseounwiwi|

6°GT €99 306G ‘2S ans

G'SL 1°89¢ 3 16°0 = a|dwes
% olley aoueliep

"uixole|je qdd Qg 1e uJod
pP3]|2ys }Jo 10| e ul Aesseounwwii Ag 10onbije T ul uixole|je Sulunseaw ‘a|dwesqgns
3 0G ‘©|dwes 3 T6°0 e Y1m paileldosse aduelieA ayl Agq paisnseaw Ayljigqersen ayl

S|0203}0.1d buljduwes
21}129dS UIX0]O0dAN

101



(%09)

G'LET 01 £L'0G€E WOJ§
P32NPaJ Sl duelIeA
12101 9y 1 *(%08)
€'€G01E99¢C WOy
9Al} JO 4010k} B AQ Ul
2Jouelien sulldwes ayi
N2 ||IM 3 G 01 T6°0
wioJ} 9Al} Jo J03oe) e Ag
9zIS 9|dwes 3uiseaou|

S00T '[e 19 JayeuyM

€C+oc LEF0T oguey
G /€1 L'0S€ |elo|
6°LC 6°LC lonbie | ‘D71
€96 €96 3 06 ‘;o|dwesqng
€ €g G'99¢ SdUEBLIBA
3 vSE 3160
(8Y) 9z1s ojdwes

* Ajjiqerrea Surjdwes ay} Suidnpal
uo 9zi1s 3jdwes uiseadul Jo 103441 °9 d|qel

suonepusawWwwoddy buijdwes

102



(vasn)
gddg| uonesuaduo) UIXole|y Ues|p

UIXOJEeY

uonnquisia

(vasn)
%€ | Uoljesjuadouo) uisjoid uesiy

ula}oJd

uIxoj] pue pjop

103



A 4

sgeq A3ojl41 o Ase1uno)

saselg |ensIA

104



$S109JJ9
pue 22uaJJindd0 Jiay]l Jo bulpueisiapun e

éposea.nul
SU.I92U02 UuIxo0jodAw aney Aymm

105



T00Z elgojoyiedodA |e "33 leg
uonenaou Jaye sAeq
gL G 7L & 8 €

: (] wm

o

02 m

4]

0t 32

Ov129 —— 2

S-0r1Z9 —¥— W

6E9EZ9 —4— L

5689829 —m— e

) on @
aouedijiubis

uonebedoud J0J swisiueyO3d|A

(1e2160]029)

abejueApe aAnRRdwo)

SS9.4]S 0] 9suodsaoy

jeoibojoig

106



S9SS9J1S |PIUSWIUOIIAUT
SJEe9A BWOS Ul 22UapIdUl PaSeadU]

SN
pue 22uaJJindd0 Jiay]l Jo bulpueisiapun e

éposea.doul
SUJ32U0d UIX0lodAw aAaey Aymm

107



Avsanad CE0) ILvHD
o102 000z 0661 0861 0z61

0961
i. n——— o
=

seas vein =) B
JTIA OUIN 13 l

SOS6T 24Ul IJUIS IS12 AY] UO LUIDG JALY Sarmeraduuial JeqoID

saamesaduwa ] 96 ISAY—3A0QY JO SIEIA L Z

ebe.iaAy 010Z-1861

SiedA G JOo dje]l VY

su1 eseq

os61

S0~
-— ;

s0o

(4,) Ajewouy aimesadwa)

108

(0,) Ayewouy ainyesedwe]




6YG-0%0
6EC-0€C
600020
616010
605000
661-061
681081
6LI0LI
691091
61091
6Y1-071
6EI1-0El
601-0C1 E
il

6101
601001
6606
6808
640
6309
6405
607
6E-0¢
6607
6101
60-50

DON Results in 2009-2010
Ohio/Indiana Corn and DDGS

O 0 0 0 0 0 O
N O ® 0 ¥ O
38/{euy J0 Jaquiny

109

bt
il
000000000
00000000
0N 000N
38y 0 Ay

Courtesy of Trilogy Labs

A



A 4

ainynauby jo wauniedsq 's'n ‘Aaddiy peig Lioyiny wp/npa‘jun-ybnoup//:dyy

LLOZ ‘¥ 1snbBny ‘Aeps.iny] pasesjay ‘SJUSLLISIE]S JSBI8.10] 10)
Arewiwns jxs) buifuedwoooe sas ‘Aiea Aew suoijipuo? (207
S 2 sa ey wo|pebpyg wbn o (LTI .

) @J : L%m :,_ Bnsg ||||. SUOIIPUOD 8/B2s-peo.Iq UO $8sh20) Jojiuoyy JyBnoidg ey

-J... ...
Ba /:.\\ el {A..._m leuondsax3g - wbnoia vra N
(1218M) |E21B0j0IPAH = H swanx3 -wbnougaeca W
U (spue|sselb slenes - ybnoig za [
‘sainised ‘sdoJd) jeunynauby = v ajesspo - Wybnoig 1@ [ ]

i~ sloedwi Jueuiwop ssjesullsq A~ Aig Arewouqy 0a [
: 'sedA] jpedwj ybnoig Aysusiuj

133 "we [ pljep

1L0Z ‘2 ¥snbny

110



v
NA90INY

Loy USBoan MMM JB SISgaM N0 isia Jo 07D UeDoemA]espon] JB SN IBlla 10 SEEC-FEZ (002) JB 51 Joejuod aseapd Buomio
LXOpOaAL SHS-U0 YW S2UBISISSE JO dell Y] U0 SIBISD JayLiy Jo4 “AlgeUea o] 10s/gns cie puB SSodnos SNoUeA woll peydiios ade spoday
“wabosn B Juswueds] poo 184 sy Aq nod 0] JyBnoug s wodad Sy YEIS Jno i Y¥esds pue sa4po Jno 1oepuod aseaid swonsanb asey nod )

<mzozm§«.ﬁé<m;<mz>>.z8 @ Nuoo-noa  [Jvisinownd ONIXOLYIHY :STIAIT QINIANOD

111



A 4

DD/ IIN/SMN/WYON “STSI PIAR( 404Ny /npa‘jun-iojyuounybnoipy/:dyy

ZL0Z ‘S) JaquianoN ‘Aepsiniy] paseajay SJUBLIBIE)S JSEIRI0) 10

Aewwng ey Buidvedwosoe ags Aea Aelw suopLod jea0]
SUOIIPUOS &/Bas-pROJg LD Sasnaoy Jojuow yinasg eyy

{ABonaa ‘ABojoaphy “6-a)

leucndsoxg - Winoug +0 [l
A ‘ -Bue] =

SUIUGLL Ge __m.u__uﬁ.ELm._. v =1 awanxg - winoug £ B
(spueissess ‘ainynoy e 6'3) asenag - winoug zg I
Stpuoul 8> MEOIIR WRLMNE =8 o oo - WBnoid | d []
spoed) WELIOP 323U~ fig Aeusougy og ||
SE0A ] JoedL] Jqanaig ST

153 Wre £ pieA

Z1L0Z ‘Sl 19qWIBAON

112



4

qdd (ST 1040 NT ‘qdd (0T 01 dn T ‘qddog< NI
)qdd 001 < DN ‘qdd 001 <dN ‘qdd gg1 03 dn 71 : qdd p¢z 03 dn QN :qdd g 03 dn g3 1qdd oz 03 dn T :qdd oz < A3 :qdd pog 01 dn 3O
qdd p00‘1 01 dn X1 ‘qdd 07 < s[oa9] DS ‘qdd (07 < s[eAd] VO weyinos <> INYM0D dOY¥D MAN NI NIXOLVTAV A0 STAATT AINIIINOD

@ NOa W 2UouA[RIEIZ [(Jwswoumy @ uxoryy STIATT ATWALINOD NOIIYHO4HOD

113



A 4

‘dwweldold yoaeasay ajewl|) pHOM

9Y3 JO J0323JIp 3Y3 ‘uos|ie) piaeq pies ,‘mou 3,uop Ajjeas ap é|euoidal aq o1 3ulod
Aay1 a4y ¢223uanbas ul 10e 01 Sui038 Aayl auy ¢49Yio yoea [9oued Ayl ||IM éJ9ylo
yoea 9240juldJ suiaiied oml ayi ||IM ‘uaddey [|im 3eym mouy 3,Uop 9M S yinay ayyl,,

SOdNadOL 0 e /661 9 ONY 5102 S BNV

JUa14nd weaJlsial onuejy

puoAag pue 910¢Z-ST0¢C

114



(poued esoq iAo Builioa) seyowouy ISS $°C OUIN ULwE
(INO ¥A'1SS¥3) X8pu| OulN 21uped(Q

G'0- 01

lenba Jo ueyl
191e3.43 INO
9AIle3auU e Aq
paziialoeseyd
— BUIU B

G0+ 0]

|lenba Jo uey
191e3.3 INO
9AIlIsod e Ag
paziialoeleyd
— Oulu |4

115



so2110eud Jlwouolby
S9SS9.1]S |BJUDWIUOJIAUT

SJeaA DWO0S Ul 20U3apIdul pasealdu] e

éposea.doul
SU.JI32U0d UIX0lodAw aAney AUmm

116



% 500z aseas1q UL B 13 PlRYSUBIA

JUQISJJIP A[IUBOIJIUSIS JOU I8 I9)I9] QWies oY) AQ payIewl sieq "1S9) JoWeRId-AN], 9yl £q pa1od
-Op SWAISAS 93B[[} UQ2M]9q UONBNUIDUOD NO( Ul SOOUIDLIP JUBDJIUIIS BDIPUI SIeq JOAO SI9))9]
‘posn sem 2dA) 93e[[I1 QUO UBY]) 2IOW IYM SWIISAS 0] SIQJOI IFB[[I) POXIJA "SWIISAS 93B[[1} JUDIQLJIP
Jopun pasdeuew sojduwres 93e[Is OO PUt [00T Ul Uuonenuaduod (NO) [OUS[BATUAXOIP A3BISAY 9 ‘S

I[I=N 6l =N Le=N al =N
MmiL oN T L Sy A L PIXIIA L PABOqPIOIAl
L 1 7 1 =
: - S0
w - z
1 ™~
w SR
g
€ =
(=3
- s 2
&
N
- T
L sz

s3dIjoe.ldd diwouoldby Jo joedwy

117



sabuajleyo/sabueys uononpold |ewiuy
A3ljlgelau|nA 2139u5)
SS9.3S |edauab 240y

(sjewiue) s|aAa| uononpoud JaybiHy -

éposea.doul
SUJ32U0d UIX0lodAw aAaey Aym

118



) 4

‘0B - nON YYESH PUS USHIINY [FWIUY SE5| W SSYSIY S0inog

HTEIWN | UCHEoe

=0y |
ooz

K

-

-

siE
odl

L

=0

i il Al

e mm e ——————————

Lm:_u#m Afiaua Apog

T L L LT Tar PP

EusjuE pue AL m;__m_ M

4

Ae]feaw Ablaug

G AT il LY L%

JHL HO4 23AHND A9HINT TV 4AL

18°€ 819
19°C 96°¢
6'LC €€l
ve'e VL'l
60l 8'6
000 0961

sjuawalinbai
pa3j pidy ||eddA0

(63/6)) ¥24

Jeah
| mos J1ad | pateal sbid

1eak | mos | JayIT

18p1| / uioq sya1bid

sabuey) uoionpoid jewiuy

119



VY uixojledyoQ
UIXol ¥d
aul|nied
ploe J1jousaydodA
P1oe Jlj[191u=d

paonpoJd wni||o1uad
MOU> ]1SeoT]

(urxoy
Z-1 pue NOQ) S@ua23y3jodLl]
sulsiuown4

sauous|eleaz
uIxoje|y

umouy |19\

Aldieq ul suixojodAu Jolep

120



s[ewiuy - SueLInH

s1onpaold [ewnuy

y LOISIaA]/uooe12(] -
Buisssooud - uonngquisig

Lolsiaal]/uonoe1a] -

2UNSIOW =

sunelsdws] .
abeio)g

snibung . snBuny
LICISISAl [/ UDID21S(] - asBeLWER pAIgQAoasU] « oIuabixo)
SANISIOY] - Aanlun eoueyos|py] « siqneduwlon) -
auneladz] « g SUNISIOW *  elff— douo
Aunew doug « sameladuz] . aiqndaosng .
Bunsamiey S10)0E} [EJUSLLILCIIALT slojoe) [eaiBojoig

uleys pooj} ayj ul
22Ua.InN220 uIxoloaA Bunoaye siojoe

121



TIA
uIxo3e [y

\l/ $59135 JeaY JO
SuixoL \: s25uaNbasu0d
) NN ¢-1‘'No@ TN Rgsiagg

A}l oW uIxoL

\ uononpoid 'swajqosd ssals

) NOQ am_u_v__...:“uum vmv“_v_q_.ﬁwx _._u__mwm_ wmmc jJo
_ _ et subis a|qIsIA

ez pasealnu| ‘ r.mh_umoi i

co_u%ucs
vmmmw._uoo . )jejul pady \)
' pacnpay NOd
sisopioe
aimesadway vmmuu‘.u&

P

Jal
) m_mwm_uc uoneuIwNI
| o & | pue asuejeq S
510514 SUIXO| uawiny Sl
NN Pedu) ain
- v NN
M“L_”A_w/_H ABsaus . [ . Smm
. adueuAURW Jo3edsal
paseainu| pasealnu| \m)
' s108.3
89 <|HL
JUSWUOIIAUT

UIX0}0D2A - SSO.1]S 1eOH - €31y MON

122



uondiospe-oway)-
UOTJBAIIORUI [BIIWAY))-
UOI)BUIWBIUOIIP [BIIZ0[01g-
UOI)BUIWIBIUOIIP [BIISAYJ-
uoneredag [edISAy -
:$9139181)S UONBUIWBIUOII(]-

) 4

[O1U0D JOSUL pUE
QINJSIOJN :93810}1S

JUQWASBURIN
1S9AIRY-1SOJ

[oxu0d Ajjenb 101g -
s9o110e1d Furmjoeynuew poor) -
Sunmjoeynuew pue 3uIssad0i -

Sutki(g -
dnued|) -
SQUI[oWI], -

JUSWASBURIN
1SOAIRH

[onuo09-o01¢ -
SOIJOLIBA JUB)SISIY -
uonejor dox) -

uonLINU [RISUIW PUR UOeSLL] -
sanpisar do1d JO JUIWISBURA -
JUQWIAFRUBA }09SU] -

salbajel}g |013U0)

JUQWIASBURIN
1SOATRY-31]

123



JOBIUOND

‘suonjeziuebio ssuped yym sajbajelis

uswebeuel uixolele apim-eale pue se|oe) Buunoejiuew
ulesis ojuabixoje e|eos-[eloiewwod ‘unj-jemolb jo uswdojensp
SOpPN|oUl SIY| "UOKBUIWEBIUOD 89npal 0} salfojouyos) uless
-oiuabixoje 8zi|1in 0} spoyiew [eonoe.d Jo Juswdoeasp 3ees
am 'BiLIOJI[BD PUB 'SBX8| ‘Buozuy u| suoneziuebio Aisnpul pue
sJauwuey Buipn|ou| SI10}BJ00E||0D [BUOKELISIU| PUB 213S8WOP YIM

*SUIXO}e|je 8onpoid JouU Op B} SNABY Y JO SUIBAS YUm pejess
U2aQg aAeY sd0J0 JO SI0B 0D0'0S L JOA0 ‘opeoap jsed oyl Jo4

sNAD|4 snj||iBiadsy jo |osjuod0ig

A.‘..;QC.@Q SisUulEd sSuonedlgqndg « DuuNjoeinuUe « 810001014 ~UOIOY Ul geT] ~oJleesay
Adojoig vouendoy pue ‘Adojo wapyd ] ABojon ] woyy ) ﬂ._,.t,.,.n.__,.:.:q.. uOJe Yy aNMaTag ‘
X \

Yoavesay

[eInIMOLsY <Omlm

sdoJ) Ul uoyaNpay uixoleyy

ocdVv / |043u0d-0i1g

salbaje.}g |013U0)

124



S92U3IDS |edipawolg aAneledwo)
pue jewiuy Jo judwliedaq

'd’ud zelq ayeng

SUIX0]00AN
pue Ajijend pad34 :A1lsnpug
Aldieq @2y3 uil Aboj0odIxX0] |euoillilnN

125



Jabeuel\ [B21UYOS| JUBUIWNY
aud noo abied

spody Aiiep eluiojien ul
SUIX03}09£W JO 32UdIINII0D

126



soiseqg UIX0JO2AIN

*PaAISSaL SIYBU ||V "eLISNY "DV 19943 Aq £T0Z 3b1HAdOD ©

127



ere— | o—
— = -E ° - e ‘PaAISSaL SIYBM ||V “BLIASNY DV 19913 Aq £LT0Z 3yBIAdOD O
— r—
— - - —

spoylaw buissaoolid 03 Juelsisal —
abe.o)s buunp juaisisiad —

a|ge]s Jeay pue Ajjeolwayo —

:Ajjiqess ybiH =

(c00Z
'UolIy pue pauusg) paliIuSp! SUIX0J0oAW 00F-00E =

‘dds wnijio1uad

SPIMPJIOM ‘dds snjjibiadsy
Saljipowwod _m._ju__so_._@m || lSsow|e UO padnpold =

‘dds wnresny

1Ibuny Aq
paonpo.d sajijogelaw Alepuodas ‘0IXo|

2 SUIX0)02AW aJe 1eyp\

128



. = -E o — S *PaAtasal s3y6u ||V "ellsnY 'OV 12q43 Aq £T0Z 3yblIAdoD O
[e— = - —

‘dds ‘dds ‘dds
wnuesn4 suousdjesesz suisjuowin ‘dds sdaoine;spiojeye 10643
A
OH
o HO
-
_...d.,z.—-..c
‘dds . ‘dds ‘dds
dds sau923yjoyoL|

‘dds wniosyjoifpy sAjoqAyoe)s WiNIuoWwa.oy ew.spoyoll| wniesn
- .

‘dds wnyjioius ‘dds wnuesnH V uixojeayso SuIXojepy
B Ry
o N _
0 HO o:og =S .

¢, SUIX0]02AW ale 1Jeyp

129



ere— | o—
—— = -E ° “ i *PaAtasal s3y6u ||V "ellsnY 'OV 12q43 Aq £T0Z 3yblIAdoD O
— r—
— - - —

\ ‘dds ‘dds ‘dds /
L ouousjelesz snjbiadsy wnuesn4 suisiuowny RS A B [RG RE
| | i) 8 3 all
1\\\ 1 x -
ace @ / 1\, dds ‘dds
"dds wnioayjoifpy sAijoqhyoess hq Loy BuLIBPOYILI| wnuesn- sauadayjoydliL

‘dds wnijioiusd ‘dds wnuesn4 Vv uixojeayo . .Q@;@Qﬂx suixoje|y
. ; T jeeree

¢,SUIX0J00AW ale Jeyp\ =

130



ere— | o—
P = -E ° “ P *paAIaSDL SIYBM ||V "eHISNY "DV 49q43 Aq £T0Z I61iAdOD O
— r—
— - - —

ey d

aploibuny ‘syue|d juelsisay ‘salbojel)s
Juswabeuew jsad ‘U100 OO :salbajelis uonebii

sjue|d ay) JO SUONIPUOD SSal]S

abewep aji|p|im/piig

Syoeje 109su|

Aypiuny aanejey

alnjesadwa] =
;U0 spuadap p|al} ayj ul
1Ibun) Ag suixojooAw JO uolonpold

p|a1} 8y] ul uononpold UIX0J0oAN

131



*PaAISSaL SIYBU ||V "eLISNY "DV 19943 Aq £T0Z 3b1HAdOD ©

Juswabeuew aoe =
sjue|nooul ‘sioqiyul PO =
Ajisuap Bupoed =
Juswabeue|) =
uolneooj/ainjeladway/Alpiwny abelo)s =
JUBJUOD 8UN]SIO|N =
IBuny abelo)s =

abel0)g

132



pazAeue sojdwes ¢g ay} JO N0 Pa}08}ap UBYO ISO

€1L0cC 'le s yans

NTINL

Va2

0C9ST 0'6¥ €9 ¢S urlowN2AX0IpAH-ST
€86T 0°'89 S9 S pIoe diuozenua
€¥0¢ 0°69 59 ¥S 4 aplweuelna.g

09T 6T 99 SS uippidy
07066 0°£9¢ |V 6S loydoidAiy
09T 0°LT €9 19 |IoudjeAIN
9T9%H 0°G6T €9 19 upow|n)
v9/L 0°GT SL 29 apI1sodn|9-£-NOa
9geeT 0'SP 9L €9 ulwIoIjIuUoW

VA 6'€ 08 99 uIxojuaL

1¥44 8'C 08 99 |o1euIR)Y

€€L vT z8 89 19439 |Ayrow |orieUIRYY
6S9/T1 0°G8 8 0L uliesnjoany
9zes 0'vT L8 44 auousjeleaz
089€T 0°€T L8 (4 unasinb3
04ST 8'6 68 v uipow3
8¢6S¢ 0'cet 68 vl JjouajealuAxoaq
TtS 0°0¢ 96 08 suneluuz swwng
9zee L9 86 18 upaAnesg

[qdd] xew

[qdd] ueipa

[%] an+

931j0qeId N / uIXx030dA

*PaAISSaL SIYBU ||V "eLISNY "DV 19943 Aq £T0Z 3b1HAdOD ©

SUIXOJO2AN

payse

(11

buibiaw3,

133



WoIg =

peaye Ajjeinien

Jueld ayy
sjo09jul snbun-

NoQ 6e
SUIX0}02AW

saonpoud snbun

SUIX0)OoAW payse

134



w =m~=omn w pesye A[jeinien

iSpoyjaw |edljAjeuejeuoijusAuod
Aq pajo9jap ag jouued méﬂwﬂ“_oo\ﬂ:_ paYse|\

----------------
-------------
------------------

. L]

------
L5 "a
we Ly}
[ 84 uy
s oy
[ 3e YO
. “a,
‘e

.
(e
Y
.
*

“““ ‘ apisoon|B-¢-NOQ ‘B 3
uIxo3092Aw
paysew = UIXo)jooAw ay) 0} Jebns Jo
uonebnluo) :juejd ay) Jo WsIUBYISW 8SUS}S(]

G
W,
.....
a, .*
a, .
. .
. .
. .
. .
------
ny s
g .e
------
----------
--------------
----------------------

SUIX0)]02AW payse

135



re— | m—
—— = -E o - i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
- — o —
[re— = - —

AJ|Ige|ieABOIq Ul 8SB8IoU| &« SUIX0j00AW paysew Bujuiejuod
paseajal S| uIxojodAw |ejualed P8} pajeulwejuod sisabul jewiuy
N6 ayj ul paaes|o 1ebng

SUIX0)O2AW payse\

136



re— | m—
—— = -E o — i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
— o
[re— = - —

safue
210} JaY10

uoljesjuasuod
uIxojooAw
JO |9A9] pue ainjeN

snjejs yjjeay
pue jeuonLINN

saloads
pue xas ‘aby

ainsodxa
Jo uoneing

(930 ‘@unjesadwa)
‘Aypiwny ‘aualbAy)
juswabeuew wue4

:$J0)OB} pale|al-|eludWUOIIAUD PUR -|ELUIUE ‘~UIX0} "

S]08J8 UIX0J02AN

137



re— | m—
—— = -E o — i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
— o
[re— = - —

splojeyje job.3
)

V uIxojeiysp

auousjeieaz

OH

suIxojepy

e o.M

S109)J UIX0J02AN =

138



re— | m—
—— = “E o “ i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
— o
r— = - —

|OUS|eAIUAXOIP PLIB1OE
I-IWOd -Axoda-aQ 1Ho1oed
9pluoanan|b-ST-NOd
vOS1d sjewluy
apluoanon|b-¢-
vOeq p! [D-€-NOd
9ed NOQ ®pisodn|b-O-¢ sjue|d
Ayooe-
NOQ2VST N hvoere 16un
NOQIVveE

suoneInaIqqy sajljoqelaw-NOd Aq pazijoqeiop

:A)101X0) S1I Bulouanjul - S8)IjogeIaW JUBJBYJIP |BJOASS OJUl
el19)oeq pue sjewiue queld ‘1IBun) Aq paijipow ag ued NOJd

SOAIJBALIBP |OUS|BAIUAX0B(]

139



er— mm——

— = -E o — === *paAJasaa s3ybu ||y "elsny "oy 19q43 Aq £10Z YbluAdo) 6
F— —

— = - —

‘NOQ ueyl 9¢Qq aiow

sawi} g} 03 dn uiejuod ued 1nq

‘wniesuiwelb wniesnH buronpoud
NOQ SpJemo] Juelsisal IO\ =

¢ 0} NOJ Apuaiolje alow LUaAU0D
SJeAI}|ND Jeaym pasesjas AiMaN

'p93) Ul UONBUIWEUOD NOA 40 % S/ 03 dn [euonippe
ue Joj JUnood2e Ued ‘e pue NOJOVYSL/E =

SOAIJBALIBP |OUS|BAIUAX0B(]

140



lon

detect

N

Mycotox

141

BEEBAE

EE N

iomin

© Copyright 2017 by Erber AG. Austria. All rights reserv:



re— | m—
B = -E o “ = *PaAIasal S3ybBU |V "elISNY "DV 19443 Aq £T0Z 3yblAdo) O
m— r—
e - - e

:obe|Is ul sjods J0H

isjods joH

:SPaa) Ul SNIXOLODAM 0 uonnguisip uaaaun

UOI108)9p UIX0J02AN

142



ere— | o—
P = -E ° “ P *paAIaSDL SIYBM ||V "eHISNY "DV 49q43 Aq £T0Z I61iAdOD O
— r—
— - - —

sishjeuy (= djdwesqnsg

10443 10443

sisAjeuy dulldwesqns 10443 Suijdwes
+— 7 —»| «— %07 —> | = %88 >
- 10443 |ejoL -

sa|dwes aAljejuasaldal JO UOI}08||09
ay] Aq pajoaye Ajealb si suixojodAw JO S|aA8| painseauw Jo Alljigelay

pbuidwes uixo)ooA|\

143



*PaAISSaL SIYBU ||V "eLISNY "DV 19943 Aq £T0Z 3b1HAdOD ©

BPIM B Ul SuIxo} a|dijjnw JO UoNo8)8p SnosuR)NWIS

aAIsuadxa alo| -

papaau Jojesado palylienb AlybiH -
suIxojooAw

Buibiawad @ paysew Jo uol3oalaq +

sdolljew pad} SholleA 10j d|qe}ins +

poyjaw dA1}ISUSS +

S8I}IPOWW 09 JO A}alieA

:SIN/SIN-O71

aAIsuadxe alof -
Bullunsuoo awl alo -
sjuswalinbal jebs| s|yIng +

SUOIBJUBOUOD
MO Je suIxo) a|buls Jo uoneoaiiuen

J71dH

AJuo sjeuslew mey -
aAlsuadxau| +
1sed +

soollew uaAIb ul
SUIX0}02AW 21108ds Jo uonesynuend

vSIi3

spoylaw |eanAjeue UuixojodAN

144



*PaAtasal s3y6u ||V "ellsnY 'OV 12q43 Aq £T0Z 3yblIAdoD O
- — o —
[r— = - m—

sAaning uixojoo2Ap NINOIS

145



"Ou| ‘'sgeT] Joawoy e SIN/SIN-OT =
PB9S U0)JJ0D 97 =
S|Iny puow|e €7 =
obe|IsS ulod 97 =
Ulod GZ =
|ejo] ssjdwes Q| =
91 0¢Z Jeaqualdag ul sallep wol} palog||oo sajdwes =

spaa] Adiep v Ul X LI\l JO 82ua1indoQ

146



ere— | o—
P = -E ° “ P *paAIaSDL SIYBM ||V "eHISNY "DV 49q43 Aq £T0Z I61iAdOD O
— r—
— - - —

|OIUB|OSOBN =
|ouadliiosAxoleoeiq =
Z-1H =
Z-1 =
souaoayloyol Y 8dA| =
X uoualesn{ =

V UIX0]BIyo2QO
auous|elesay7

147

‘geg'g = NOQ-1A190y =

suisiuown = |OUS|BAIN =

‘0 ‘' ‘g lg = |OUB|BAIUAXOD(] =
SuUIXOlef)yy = souadayloyol] g adA| =

poylaw SIN/SIN-DT BIA pazAjeue suixojooAw /|

,S5qQe7 Jawoy

|]aued uixojooAw NINOIEG



ere— | o—
=UIitiolg =
— r—
— - - —

AI9S34 SIYBM |1V "erIsny 'OV 42943 Aq £T0Z 3ybAdoD @

[qdd]
0 0 0 AY) 009l S0l LONEUILLEIUOO WNWIXEN
0 0 0 A%% GE9 KL% [qdd] seAnisod jo abeleny

0 0 0 0¢ 08 ¢6
T T
sJjoloauelde
E v EEE g DS

aAljsod 9

sasAjeue ul0o Gz Jo Aulewwng

spaa] Adiep v Ul X LI\l JO 82ua1indoQ

148



0 0

0 0

0 0 0 0 0
T youy
sjoloauielde
E v EEE g A

*paA.

19534 S3Y6U ||V "elIsnY 'OV 12943 Aq £T0Z 3yblIAdOD O

0 0 00¢ 0 lda]
UOIBUIIBIUOD WNWIXBA
0 0 /91 0 [qdd] saAnisod jo abeltany

l'€C

aAljisod 9

sasAjeue abe|is ulod gz Jo Alewwng

spaa] Adiep v Ul X LI\l JO 82ua1indoQ

149



9 0

ey 0 0 0 0 o
youy youy

*paA.

19534 S3Y6U ||V "elIsnY 'OV 12943 Aq £T0Z 3yblIAdOD O

0 0 0 81 lgad]
uoljeuiweluod wnwixe|y
0 0 0 L1181 [qdd] saAnisod jo abeisany

aAnisod 9

sJajaweled

sasA|eue s||ny puow|e €7 jo Alewwns

spaa] Adiep v Ul X LI\l JO 82ua1indoQ

150



0 Ll

0 LLY

0 X 0 L'l X 8¢
youy youy

*paA.

19534 S3Y6U ||V "elIsnY 'OV 12943 Aq £T0Z 3yblIAdOD O

0 9/l 002 GOl lgdd]
uolleulwejuod WNWIXE|\
0 qC| 002 GOl [qdd] seAnisod jo abeleny

aAnisod 9

sJajaweled

sesA|eue pass U009 97 Jo Alewwng

spaa] Adiep v Ul X LI\l JO 82ua1indoQ

151



AI9534 536U |V "elISNY "DV 49443 Aq £T0Z 3ybLAdoD O

re— | m—
=UIlIolg =
— —
— = - —

sqe| €

SIN/SIN-O1

S ,SqeT Jawoy

\_________4
A ___J
L101e10qET dnsouderq Areunaan -——
v
ALISYIAIN[] FLVIS VAO] »
suixojoo2Aw Jofew 9 sdje}s 9¢ wioly pa3dd||od s9|dwes ulod /8¢

(VL0) (you1-v)

S9Ua29YjoyoL |
uixojeayo
YV uixojeiysQ v odA)

(youy-g)

sauadayjoysn | (YEV4]
g adAL auouajeleaz

(envw)
suIxojepy

Asnns X 1IN wod SN 9102 NINOIg

152



ere— | o—

P = -E ° “ P *paAIaSDL SIYBM ||V "eHISNY "DV 49q43 Aq £T0Z I61iAdOD O
— r—

— - - —

oAneboNm OAIISOdm

Yo -y V10 Wn4 you1-g N3Z ey

- 0

- 0S

- 00T
s

- OST
3
o
(]
=
S

- 002 o
Q
3
T
a

- 0ST

- 00€

0S€
00v

dosD uioD SN 910¢ — uonnguisig ajdwes

153



*PaAISSaL SIYBU ||V "eLISNY "DV 19943 Aq £T0Z 3b1HAdOD ©

sa|dwes Jo Jaquinu |jews 0} anp pajuasald Jou ale UIX0}elyoQ pue sausdayioyol] -y

|[ous|eAluAX0a-]A190Y ‘X-Uoualesn ‘[OUs|eAlN ‘jous|eAluAXosd apnjoul Seusdayjoyol | -g

9L0¢C sLoc 144114 €Loc cLoc
L 0
9 \
8
vi
Ll
(44 (44
LZ
€¢
oY
[A4
9 7 ve
09
29 /
@ —u 2L
SL
08

doJD ulod SN 970¢

— 92Ud|eA3Id

154



re— | m—
—— = -E o “ i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
- — o —
[re— = - —

sa|dwes Jo Jaquinu |jews 0} anp pajuasald Jou ale UIX0}elyoQ pue sausdayioyol] -y

9L0¢C SL0¢C vioe €Loc clLoc
0
(1] LL
Sl e
0c
14
*14
0€
1
L€
6€ o
144
0G
L£]
09
L9
08

doJ) udod SN 9T0Z — D2UaJINdD-0)

155



re— | m—
—— = -E o “ i *PaAI9saI SYBU ||V "erIsNY "DV 19943 Aq £T0Z WbIAdOD ©
- — o —
[re— = - —

sa|dwes Jo Jaquinu |jews 0} anp pajuasald Jou ale UIX0}elyoQ pue sausdayioyol] -y
|[ous|eAluAX0a-]A190Y ‘X-Uoualesn ‘[OUs|eAlN ‘jous|eAluAXosd apnjoul Seusdayjoyol | -g

9102 GL0¢ vi0c €10¢ [A%11A
(112
0c 1z
6 G¢ / \
A}
0ol
1942 8¢l
1414 evs
169
0001
06L1

0.9 174 4"
€60¢ /mmNN
LGee
vevy
00001

147415

N\

doJdD uJoD SN 9T0Z — SOAIRISOd JO Uedy

156



S|ewliue Jo uonoajoid ay] Joj [elnuasse
S| Juswabeuew Ysl uIxojooAw Jadold

SuIX0j02Aw Jo Ajaliep

uolneulweu09

UIX0}00AW JO 82I1N0S UOWIWOD UI0))

Spaa) ul

SuUIX0j02AwW JO uolnglisip snoauabolaleH

Alewwng

157



=UIoIg =

=l

Jou'ulwoiqonob-abied = i . D ?./
¢sSuonsanp



WINNER OF THE 2017 CANC ANIMAL NUTRITION SCHOLARSHIP
ASHLEY NIESEN

The effects of blood composition and age on PBMC
mitochondrial enzyme activity in pre-wean dairy calves

A.M. Niesen, H.A. Rossow
Department of Population Health and Reproduction, SVM VMTRC
University of California, Davis, CA

Mitochondria are central to metabolism, nutrition and health but many factors can influence their
efficiency. The objective of this study was to determine if mitochondrial enzyme activity rates of peripheral
blood mononuclear cells (PBMCs) were affected by changes in blood composition, aging or breed. Data
from 23 Holstein and 23 Jersey heifer calves was collected from age 4 to 66 d. Blood samples were
collected at 1, 2 and 9 wk of age and analyzed using a Hemavet 950FS Hematology Analyzer (Drew
Scientific, Miami Lakes, FL) to determine Ievels of neutrophils (NE, K/ul, %), lymphocytes (LY, K/ul, %),
monocytes (MO, K/ul, %), eosinophils (EO, K/ul, %), and red cell distribution width (RDW, %).
Additional blood was used to determine plasma total protein (TP, g/dl) and obtain crude mitochondrial
extracts from the PBMC fraction using a mitochondria isolation kit from Abcam (Cambrige, MA). Enzyme
activities for citrate synthase (CS), Complex I (CI), Complex IV (CIV) and Complex V (CV) were all
determined using kits from Abcam (Cambrige, MA). Activity rates were compared by time point, breed,
and blood parameters and were analyzed using the MIXED procedure of SAS (v.9.4) with repeated
measures, breed as a fixed effect and time point as a random effect. Breed was not significant for all
comparisons. CI activity was not different between time points but was affected by RDW (P < 0.02). CIV
(P <0.04) and CV (P < 0.01) showed an increase in activity with time point while CS (P < 0.01) decreased.
An increase in EO and MO immune cell production increased CIV activity (P < 0.01) and CV activity (P <
0.01) respectively. As white blood cell (WBC) differential fluctuated CV activity increased as NE% (P <
0.01) and MO% (P < 0.01) decreased and LY% (P < 0.01) and EO% (P < 0.01) increased. These findings
suggest that changes in mitochondrial enzyme activity is impacted by fluctuations in NE, LY, MO, EO cell

populations and changes as calves age.
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Livestock’s Contributions to Climate Change: Facts and Fiction
A white paper, defining the role animal agriculture and other sectors of society play in their respective
contribution of greenhouse gases, as the societal concerns grow to seek a sustainable global future.

Frank Mitloehner, Professor & Air Quality Specialist
Department of Animal Science, University of California, Davis

As the November 2015 Global Climate Change Conference COP21 concluded in Paris, 196 countries reached
agreement on the reduction of fossil fuel use and emissions in the production and consumption of energy, even to the
extent of potentially phasing out fossil fuels out entirely. Both globally and in the U.S., energy production and use, as
well as the transportation sectors, are the largest anthropogenic contributors of greenhouse gasses (GHG), which are
believed to drive climate change. While there is scientific consensus regarding the relative importance of fossil fuel use,
anti-animal agriculture advocates, portray the idea that livestock is to blame for a lion share of the contributions to total
GHG emissions.

One argument often made is U.S. livestock GHG emissions from cows, pigs, sheep and chickens are comparable
to all transportation sectors from sources such as cars, trucks, planes, trains, etc. The argument suggests the solution of
limiting meat consumption, starting with “Meatless Mondays,” which will show a significant impact on total emissions.

When divorcing political fiction from scientific facts around the quantification of GHG from all sectors of society,
one finds a different picture. Leading scientists throughout the U.S., as well as the U.S. Environmental Protection Agency
(EPA) have quantified the impacts of livestock production in the U.S., which accounts for 4.2%? of all GHG emissions,
very far from the 18% to 51% range that advocates often cite. Comparing the 4.2% GHG contribution from livestock to
the 27% from the transportation sector, or 31% from the energy sector in the U.S. brings all contributions to GHG into
perspective. Rightfully so, the attention at COP21 was focused on the combined sectors consuming fossil fuels, as they
contribute more than half of all GHG in the U.S.

livestock 4.2% ”

other

transportation r.G'a\ fa fﬁ r.qa
% AW WS &+

roduction
31%

! http://www3.epa.gov/climatechange/ghgemissions/sources/agriculture.html
2 http://www3.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2015-Main-Text.pdf
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Breaking down the 4.2% EPA figure for livestock by animal species, shows the following contributors: beef cattle
2.2%, dairy cattle 1.37%, swine 0.47%, poultry 0.08%, sheep 0.03%, goats 0.01% and other (horses, etc.) 0.04%. It is
sometimes difficult to put these percentages in perspective, however; if all U.S. Americans practiced Meatless Mondays,
we would reduce the U.S. national GHG emissions by 0.6%. A beefless Monday per week would cut total emissions by
0.3% annually. One certainly cannot neglect emissions from the livestock sector but to compare them to the main
emission sources would put us on a wrong path to solutions, namely to significantly reduce our anthropogenic carbon
footprint to reduce climate change.

 ——— o .
MEATLESS MONDAY

"'EAT= lﬁd‘

U.S. Population Replace Incadescent U.S. Population “Meatless Monday”
with Energy Star bulbs —1.2% = GHG Emission — 0.6%

In spite of the relatively low contributions to total GHG emissions, the U.S. livestock sector has shown
considerable progress during the last six plus decades, and commitment into the future, to continually reduce its
environmental footprint, while providing food security at home and abroad. These environmental advances have been
the result of continued research and advances in animal genetics, precision nutrition, as well as animal care and health.

U.S. Dairy & Beef Production Continuous Improvement

1950 2015
Total Dairy Cows: 22 million dairy cows 9 million dairy cows (-59%)
Milk Production: 117 million tons 209 million tons (+79%)
Carbon Footprint: 1/3 that of 1950

1970 2015
Total Beef Cattle: 140 million head 90 million head (-36%)
Beef Production 24 million tons 24 million tons

Globally, the U.S. livestock sector is the country with the relatively lowest carbon footprint per unit of livestock
product produced (i.e. meat, milk, or egg). The reason for this achievement largely lies in the production efficiencies of
these commodities, whereby fewer animals are needed to produce a given quantity of animal protein food, as the
following milk production example demonstrates: the average dairy cow in the U.S. produces 22,248 Ibs. milk/cow/year.
In comparison, the average dairy cow in Mexico produces 10,500 lbs. milk/cow/year, thus it requires 2-plus cows in
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Mexico to produce the same amount of milk as one cow in the U.S. India’s average milk production per cow is 2,500 lbs.
milk/cow/year, increasing the methane and manure production by a factor of 9 times compared to the U.S. cow. As a
result, the GHG production for that same amount of milk is much lower for the U.S. versus the Mexican or Indian cow.
Production efficiency is a critical factor in sustainable animal protein production and it varies drastically by region.

More Milk Produced per Cow = Less Methane and Waste

Methane
500g it 800 g 4000 g

: X v

W, e

‘w N e e e Y
WS, Cow Mexican Cows Indian Cows

ﬂ 22,248 10,500 2,800
Ibslyricow Ibayrieaw Ibafyrieaw

e LSTA, Corrgd ks M Wiorkd §arming

Improvements in livestock production efficiencies are directly related to reductions of the environmental
impact. Production efficiencies and GHG emissions are inversely related—when the one rises, the other falls.

The 2050 challenge to feeding the globe is real: throughout our lifetime, the global human population will have
tripled from three to more than nine billion people without concurrent increases of natural resources to produce more
food. Our natural resources of land, water and minerals (fertilizer) necessary for agricultural production, have not grown
but in fact decreased. As a result, agriculture will have to become much more efficient worldwide and engage in an
efficient path similar to the one it has traveled down in U.S. livestock production in recent decades.

How can emissions accurately and fairly be assessed to lay ground for a path for solutions?

In its quest to identify a sustainable, scientific path toward fulfilling the future global food demand, the Food and
Agriculture Organization of the United Nations (FAO) has formed an international partnership project to develop and
adopt a “gold standard” life cycle assessment (LCA) methodology for each livestock specie and the feed sector. The
‘Livestock Environmental Assessment and Performance Partnership’ (LEAP), engaged with more than 300 scientists from
the world’s most prestigious academic institutions in developing this unprecedented effort in developing a global
benchmarking methodology. The first three-year phase project was finalized in December 2015 with six publically
available LCA guidelines®. This globally harmonized quantification methodology will not only allow the accurate
measurement by livestock species and production regions across the globe today, but will also identify opportunities for
improvement and the ability to measure that progress in each region going forward.

3 http://www.fao.org/partnerships/leap/en/
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Summary

Addressing the 2050 challenge of supplying food to a drastically growing human population can sustainably be
achieved through intensification of livestock production. Indeed, intensification provides large opportunities for climate
change mitigation and can reduce associated land use changes such as deforestation. Production efficiencies reduce
environmental pollution per unit of product.

The U.S. livestock, poultry and feed industries are one of the most efficient and lowest environmental impact
systems in the world. The research, technologies and best practices that have been developed and implemented over
time in the U.S. can also be shared with other production regions around the world. It is important to understand that all
regions have unique demands and abilities, and thus require regional solutions. However, the advances in the U.S.
agriculture and food system can be adapted within these regional solutions. These significant environmental advances
and benefits are in addition to the well-documented human health and developmental value of incorporating animal
protein in the diets of the growing population.

The livestock sector is committed to continuous improvement of their environmental impact in North America,
and to doing its part in transferring knowledge, technologies and best practices to enhance global environmental
livestock impact by region. Now is the time to end the rhetoric and separate facts from fiction around the numerous
sectors that contribute emissions and to identify solutions for the global food supply that allow us to reduce our impact
on the planet and its resources.
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The California ARPAS Alfalfa Hay Project
California Chapter of ARPAS

Introduction

Analyses of feeds that do not allow for prediction of animal performance from
inputs, and vice versa, lack utility. The first report of a system developed to
predict input from output was in 1809 (Von Thaer, cited by Flatt et al., 1969); Von
Thaer and associates compared body weight change of steers fed different feeds to a

standard (“good meadow hay”). A simpler yet demonstrably less accurate scheme based
on solubility of feeds in various dilute solutions was than employed, which led to
another system and another system and so on. The history of feed analysis 1is

replete with simple yet inaccurate feeding systems.

Energy based systems evaluate feeds and animal performance based on the
conservation of energy and were developed in Europe; early feeding standards such
as starch and barley equivalents, continued in use well past the middle of the last
century. In the United States, however, the TDN system persisted until the second
half of the last century. It is against this backdrop that Jim Meyer and Glen
Lofgreen conducted studies to “establish regression equations which would be useful
in predicting the total digestible nutrient (TDN) content from lignin or crude
fiber analysis” in alfalfa hay (Meyer and Lofgreen, 1956) . Correlation
coefficients (R?) for estimating TDN from either lignin or crude fiber were 0.77 and
0.74, respectively. Meyer and Lofgreen (1959) stated that the previous study was
useful only 1in controlled nutritional investigations and had 1little practical

application in the field. A subsequent study was undertaken to “develop a
procedure by which chemical analyses could be wused to reduce much of the
uncertainty when hay is graded or evaluated for livestock feed”. Included in the

experimental work were:

Choice and simplification of analytical methods
Development of new regression equations
Development of tables so that monetary value of hay could be readily calculated

A modification of the crude fiber procedure was found to be superior in predicting
TDN (R® = 0.79) when compared with predictions based on either lignin or crude
fiber. These investigators also demonstrated that the relationship between NE/TDN
and crude fiber was curvilinear. This observation 1s critical in evaluating
predictive accuracy and model specification of current prediction equations, which
are generally linear. Meyer and Lofgreen (1959) further suggested pricing energy
and protein in alfalfa relative to other feeds, such as barley and cottonseed meal;
a table was included in that paper. Since that time alfalfa hay has been traded in
California on the basis of TDN content.

With the advent of detergent fiber analyses (Goering and Van Soest, 1970) studies
were undertaken at UC Davis as part of a western regional project investigating the
relationship between TDN and acid detergent fiber content of alfalfa hay. Our
analysis of data from alfalfa digestion studies, using wether lambs (W.N. Garrett,
unpublished data) indicated that the correlation between TDN and ADF was less (R? =
0.72)than that reported by Meyer and Lofgreen (1959) for modified crude fiber.
Garrett also stated, and our analysis of those data bear this out, that digestible
energy was more highly correlated (R?> = 0.80) with ADF than was TDN. However,
regardless of predictor (ADF, crude fiber or modified crude fiber) or response
variable (TDN or DE) the response vector failed to mimic the observed wvector (P <
0.05). Further analysis of these data indicated that estimating equations of the
form:
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TDN = a + b x fibrous entity (ADF, crude fiber or modified crude fiber)
when determined for lambs and steers were misspecified (P < 0.05). Misspecification
of a linear model suggests the relationship between response and predictor variable

is non-linear and other forms of the model should be investigated.

Consumption of ME provides fuel for processes associated with service and repair

functions (maintenance), such as maintenance of ionic gradients, lipid and protein
turnover or as Schiemann (1969) noted “The maintenance requirement is a requirement
for ATP-equivalents”. Metabolizable energy 1s also a property of substrates for

synthesis of biomass, such meat, milk, fiber and products of conception (Baldwin,
1995 and Kennedy and Calvert, 2014).

Given the anachronism that is the TDN system and the lack of global fit to any of
the current TDN estimating equations, the California chapter of ARPAS undertook
this study to determine if ME content of pure stand alfalfa hay could be predicted

from the NIR spectrum.

Materials and Methods

During the 2008 growing season pure stands of alfalfa hay were sampled throughout
California and western Nevada. Sampling was done on roadsided stacks and barn-
stored alfalfa; we sampled more than 200 lots of hay. Nine of the samples were
chosen, based on analytical (Table 1) and environmental diversity (Table 2), for
use in a lamb metabolism study conducted at the USDA Dairy Forage Research Center,
Madison, WI. Lambs were fed hay cubes that had been reground and pelleted; each hay
sample (n = 9) was fed to six lambs at two intakes, either maintenance (~2 percent
of body weight) or ad libitum (~5 percent of body weight). Lambs were adapted for
seven days followed by a seven day collection of urine and feces; intake energy,
fecal energy and urinary energy were observed while gaseous energy was estimated
from in vitro carbohydrate degradation.

There exist a number of prediction equations for estimating quality of alfalfa hay.
We evaluated the current UC TDN equation (Putnam et al., 2007), relative feed value
(Rohweder et al., 1978), relative feed quality (Moore and Undersander, 2002) and
the NRC (2001) summative equation for model specification and internal validity
using data developed from this study. In addition, a least squares estimating
equation (OLS) of the form TDN = f (ADF) was developed for data from this study to
further evaluate model structure and utility. Parametric stability and concordance
of NDF degradability determined either in vivo, in vitro or by Bayesian inference
(uninformed priors) for the NRC (2001) TDN equation were evaluated.

Rate and extent of in vitro degradation (120 hours) was evaluated using either a
stochastic, heterogeneous rate model:

Re = Dx (1 + B (t-1)™) + I

where:
R. = analyte residue at time t (h), Ry = 1.00 (arbitrary unit)
o, B = shape and scale parameters of gamma distributions

t time after inoculation of medium (h)
D = potentially degradable fraction
T = time delay before losses begin or lag (h)
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I = analyte incapable of being degraded
or a first order function:
Re = D x e 77 4+ 1
where:

k = rate constant (h™)
Metabolizable energy and TDN were estimated from the alfalfa hay NIR spectrum. For
spectral analysis, all alfalfa hay samples were oven dried and ground before
placement in a spectrophotometer. Reflectance values for A were from 950 to 2,500
nm and were analyzed using the chemometric wutility UNSCRAMBLER (CAMO Software,
Norway) to develop NIR prediction models for ME or TDN at either restricted or ad

libitum intake.

Results and Discussion

California estimating equation

The California TDN estimating equation: TDN = 82.38 - 0.7515 x ADF failed to
predict TDN observed in this study (Lin’s correlation coefficient (p.) = 0.793 and
root mean square error (RMSE) = 2.58. Lin’s correlation coefficient measure the
extent to which two wvectors mimic each other; p. = 1.0 indicates a perfect
correspondence and p. = 0 1indicates that no relationship exists. The equation
estimated for this study: TDN = 79.3 - 0.699 x ADF also failed to predict observed
TDN (R? = 0.773,p. = 0.856, RMSE = 1.99). Parametric instability was noted for the
slope of the previous regression; a 95% confidence interval about the slope was
from 0.594 to 0.804. Ordinary least squares regression, for Dboth estimating
equations, of vectors TDNpredictea and TDNgpeervea indicated that the vectors were
different; the slope was not equal to one (P < 0.05) and the intercept was not
equal to zero (P < 0.05). Figure 1 shows that, for TDN observed in this study,
predicted TDN (UC equation) overestimates observed TDN; also shown 1s the
prediction interval which averages * 5.35 points of TDN (8.82%). A significant F
ratio was noted for model misspecification; misspecification of a linear model

indicates that the relationship Dbetween <response (TDNgpserved) and predictor
variable(s) (ADF in this case) 1s non-linear and that other models and predictor
variables should be evaluated. Residual heteroscedasticity (Figure 2) 1is further
indication of 1inappropriate model specification. The uncertainty 1in alfalfa

evaluation, of which Meyer and Lofgreen (1959) wrote, does not appear to have been
resolved by the current estimating equation.

RFV and RFQ

Relative feed wvalue (RFV) assumes that NDF is predictive of ad 1ibitum dry matter
intake (DMI) and that ADF is predictive of dry matter digestibility (Rohweder et
al., 1978). Dry matter intake (ad libitum) was poorly predicted by NDF content of
alfalfa hay. For the ordinary least squares relationship DMI..icuiatea = L (DMIgpservea)
the slope was not different from =zero clearly indicating that, contrary to the
assumption of Rohweder at al. (1976), no relationship exists between NDF content of
alfalfa hay and dry matter intake. Lin’s correlation coefficient (p. = -0.159) also
indicated that the vector DMI . jculatea did not mimic the vector DMI pserved- Studies by
Sanson and Kercher (1996) and Hackman et al. (2008) indicated no relationship
existed between dry matter intake and NDF content of alfalfa hay. Van Soest et al.
(1978) noted “the common assumption that digestibility and intake are always
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positively correlated is unsafe..” which is consistent with with our results and
those of Sanson and Kercher (1996) as well as Hackman et al. (2008). Dry matter
digestibility (DDM) was poorly predicted by ADF content; for the equation DDMc.iculated
= f (DDMgpserveq) the slope was different from one and the intercept different from
zero (P < 0.05). Lin’s correlation coefficient (p. = 0.402), while greater than that
calculated for the relationship between vectors DMI.iiculated @Nd DMIgpservedr Pc O0f 0.402
clearly indicates a lack of correlation, providing further evidence that dry matter

digestibility was poorly predicted by ADF. Relative feed wvalue, calculated as
f(NDF & ADF) 1s not equal to observed REV (P < 0.05) and Lin’s correlation
coefficient = 0.0525. Utility in the calculation of RFV does not reside in the

prediction of dry matter intake nor dry matter digestibility nor in the prediction
of observed REFV. Metabolizable energy is correlated (R® ~ 0.88) with both NDF and
ADF; the use of either term should be preferred to RFV. Quality estimates, such as
RFV, are often presented as fait accompli with little regard to predictive accuracy
or model structure.

Relative feed quality (RFQ) differs from RFV in that TDN replaces ADF 1in the
equation. According to Moore and Undersander (2002) RFQ is preferred because the
estimating equation is improved. Really. When observed TDN is used in the RFQ
estimating equation (DMI estimated as £ (NDF)) RFQcaicuiated # RFQopserved (P < 0.05), p. =
0.0500. Replacing observed TDN with TDN calculated from the UC TDN equation did not
improve the fit; p. = 0.0424. This analysis indicates that RFQ, when estimated as
described by Moore and Undersander (2002), is as predictive of RFQgpserveq @S estimates
of RFV are of RFEVi pserveq-

Summative estimates of TDN

o) [

The classical definition of TDN: (% digestible crude protein + % (digestible ether

extract x 2.25) + % digestible crude fiber + % digestible nitrogen free extract) is
a summative equation. The NRC (2001) publication "“Nutrient Requirements of Dairy

Cattle” suggests the following digestion coefficients: crude protein - 93%, ether
extract - 97%, nitrogen free extract - 98% and an additive constant of -7; the

additive constant 1s inconsistent with the classical definition of TDN. In vitro
degradation of NDF (48 hours) replaces NDF degradation observed in a metabolism
study. Total digestible nutrients, estimated wusing the NRC (2001) summative
equation, failed to predict observed TDN; the slope of the OLS regression TDNpredictea
= f (TDNgpserveq) was different from one (P < 0.05) and the intercept was different
from zero (P < 0.05). Further evidence of the lack of correspondence of estimated
TDN with observed TDN is provided by Lin’s correlation coefficient (p. = 0.760).
Digestion coefficients found in the NRC (2001) summative equation are different (P
< 0.001) than those observed in this study. In vitro degradation of NDF (48h) was
different from observed in vivo (P < 0.001) These observations are consistent with
the statement by Hungate (1966) “In vitro experiments as usually conducted do not
provide reliable estimates of the rates at which the phenomena under study occur in
the rumen”. Digestion coefficients for unpublished data from W.N. Garrett (late
professor emeritus, The University of California, Davis) for cattle fed alfalfa at
maintenance were different (P < 0.001) as well. The digestion coefficient for ether
extract was 0.0059 (Garrett data) and a 95% confidence about that wvalue included
zero. It appears that the estimate of ether extract digestibility found in the NRC
(2001) estimating equation may be different from the true parameter for alfalfa
hay.

Parameter estimates (presumed digestion coefficients) for the OLS (zero intercept)
regression TDN = f(CP, EE, NDF and NSC) for data from the California ARPAS study
were different from observed digestion coefficients (P < 0.05), however, p. = 0.912
a value greater than that for other TDN estimating equations. Ninety five percent
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confidence intervals about digestion coefficients for crude protein and ether
extract included 1.00 indicating an infeasible solution. Increasing the number of
predictor variables may improve predictive accuracy but the model is wrong. When an
additive constant was included, only the parameter estimate for NDF was not
different from zero (-0.603). Inappropriate sign and magnitude of parameter
estimates (an additive constant different from zero and digestion coefficients less
than zero) are clear indicators of a misspecified equation. This observation lends
further credence to the observation that OLS equations poorly predict TDN for
California alfalfa hay. Confidence intervals (95%) for standardized regression
(means = 0, standard deviations = 1) coefficients for crude protein, ether extract
and nonstructural carbohydrates were not different from zero while that for NDF was
-0.704 and a 95% confidence interval was (-1.24 to -0.172). The additive constant
for such equations is necessarily =zero and lack of stability in all parameter
estimates provides further evidence of model misspecification. The sign and
magnitude of the coefficient for NDF does indicate wvariability in NDF is
responsible for more variability in TDN than the other predictor wvariables (CP, EE
and NSC) .

Comparisons of NDF degradability observed in vivo, in vitro and estimated using the
NRC (2001) TDN equation (Bayesian inference) were different (P < 0.05) with the
exception of the Siskiyou sample. Degradability of NDF, for the Siskiyou sample
(0.357) 1in wvivo (lambs fed ad 1libitum), was not different from the Bayesian
estimate (95% credible interval = 0.338 to 0.358) of NDF degradability in the NRC
(2001) summative equation. Degradability of NDF (in vitro) observed at either 30 or
48 hours was different from that estimated using Bayesian inference (P < 0.05)
indicating that the NRC (2001) TDN equation may be inappropriate for use with pure
stand alfalfa hay from California. The more complex summative equation (NRC, 2001)
fails to predict TDN with the accuracy of a single wvariable OLS equation, the
latter is preferred.

Near infrared estimates of TDN and MEI

Both TDN and ME, for lambs fed ad libitum, were well predicted from the NIR
spectrum; R? for TDN was 0.90 and the standard error of calibration (SEC) was 1.3.
When TDN was estimated from ADEF the RMSE (RMSE = SEC) was 1.99; error in the
estimate was reduced. For ME predicted from the NIR spectrum R? was 0.92 and the
standard error of calibration was 0.07. Average estimated ME was 2.19 Mcal/kg and
the range was from 1.82 Mcal/kg (Imperial #2) to 2.57 Mcal/kg (Stanislaus).
Estimates of alfalfa quality, determined by NIR spectroscopy, are more accurate
than those determined using the current system; further testing is regquired to make
the system functional.
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Carbohydrates: Measuring Them and Managing Them in Dairy Cattle Rations

Mary Beth Hall, Ph.D.
U. S. Dairy Forage Research Center, USDA-Agricultural Research Center,
Madison, WI

If you can’t measure 1it, vyou can’t manage it. That saying applies to
many things including feed analyses and ration formulation. It’s only
been in the last 10 or 20 years that we’ve gotten practical analyses
that let us break out feed carbohydrates into fractions that are more
nutritionally relevant. And we probably are not done, yet. For the
moment, understanding what we can measure and measure accurately, and
how the fractions may affect performance is a good start.

Carbohydrate Analyses

Nonfiber carbohydrate (NFC) were 1intended to describe the most
digestible carbohydrates. Calculated by difference as 100 - crude
protein - neutral detergent fiber - ether extract - ash, NFC has been

in use in some form since the late 1800’s. Where NFC fails is that it
treats all of the carbohydrates as though they were nutritionally
equivalent, and all the errors and variability 1in the fractions
subtracted go into NFC. One of the errors is the degree to which
nitrogen content x 6.25 accurately reflects the mass accounted for by
protein; it varies by feedstuff (Jones, 1931). Any feed component not
measured by the protein, fiber, fat, or ash analyses is included in
NFC, even 1f they are not carbohydrates: ethanol, organic acids,
browning reaction products, neutral detergent-soluble gunk (technical

term), etc. How inaccurate NEC is for approximating non-NDF
carbohydrates wvaries by feedstuff. In a case such as molasses that can
contain approximately 10% Dbrowning reaction products (Binkley and

Wolfram, 1953), NFC will be overestimated by at least that amount.
Ultimately, use of NFC is not recommended 1if we can do a better job
with more nutritionally accurate fractions.

Current schemes for feed analysis splits carbohydrates into water-
soluble carbohydrates (WSC), starch, neutral detergent-soluble fiber,

and neutral and acid detergent fibers (Figure 1). This fairly
Figure 1.
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Water-soluble carbohydrates (WSC) . These are very literally the
carbohydrates soluble in water and then measured by a broad spectrum
carbohydrate analysis (the phenol-sulfuric acid assay). The soluble
categorizes the carbohydrates by digestibility characteristics and how
rumen microbes utilize them, though there are some differences by
carbohydrate type which are also mostly aligned with feed source.
carbohydrates have been referred to as “sugars”, but the fraction can
contain a great variety of carbohydrates, depending on the feed. The
group includes simple sugars (glucose, fructose), disaccharides
(sucrose, lactose), short chain carbohydrates (“oligosaccharides” 1like
stachyose and raffinose which are in soybeans), and short and long
chain fructans which are found primarily in cool season grasses.
Typically, sucrose 1s used as the sugar standard in the analysis,
because it’s the predominant WSC in most of our feeds. But, we need to
keep in mind that the phenol-sulfuric acid assay gives different
responses for different sugars. So, if another carbohydrate is known to
predominate (like lactose 1in whey permeate), vyou will get a more
accurate WSC analysis if you use that carbohydrate as the standard for
that feed.

Besides WSC, 80% ethanol-soluble carbohydrates (ESC) has been used to
measure soluble carbohydrate. However, ESC does not include the long
chain fructans or lactose, both of which are insoluble in 80% ethanol.
At the end of the day, WSC appears to be a better assay to use than ESC
because it gives a more complete value for this group of carbohydrates.

“Total sugars as invert” is a value given for molasses. This is not WSC
per se, but is a good wvalue for sum of sucrose, glucose, and fructose
in molasses. If whey was added to the molasses to help it flow, the
value may or may not include lactose, or may count only half of the
lactose, depending on the analysis used.

Starch. This polysaccharide made entirely from glucose 1is commonly
analyzed using enzymes (heat-stable, o-amylase and amyloglucosidase)
that specifically hydrolyze the oa-1,4 and a-1,6 linkages between the
glucoses. The enzymatically-released glucose x 0.9 gives the amount of
starch. The 0.9 1is the mathematical approach to accounting for the
molecule of water that is lost from each glucose molecule when the
glucoses bond to each other. Any free glucose in the sample should not
be counted as starch; it needs to be extracted away or measured in an
assay using no enzymes and then subtracted from the glucose measured
after digestion with enzymes.

Starch values may be lower than they should be if the assay is run at
neutral or close to neutral pH (should be slightly acidic; Dias and
Panchal, 1987), if the sample is not finely ground (1 mm abrasion mill,
or 0.5 mm cutting mill), or if the sample is not completely gelatinized
so that the enzymes can attack the chemical bonds. Starch wvalues will
be inflated if free glucose isn’t subtracted, or if the enzymes or run
conditions release glucose from carbohydrates other than starch
(sucrose can be a problem). Analytical labs should get dry matter basis
values of approximately (+/- 2% of dry matter) 100% for corn starch,
90% for glucose, and 0% for sucrose on control samples if the assay is
working well.
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Neutral Detergent-Soluble Fiber (NDSF) . Soluble fiber includes
polysaccharides such as pectin, mixed linkage Dbeta-glucans and gums
that are soluble 1in neutral detergent and are not digestible by
mammalian enzymes. Present assays that specifically analyze for pectins
and gums are tedious and expensive and not typically practical to be
run on feeds. The NDSF 1s a Dby-difference approach to give an
approximation of this group of carbohydrates. The soluble carbohydrates
are extracted away, starch is measured, and the difference between the
80% ethanol extracted residue and the neutral detergent residue, both
corrected for crude protein and ash, minus starch gives NDSF. This
assay has the same issues that any by-difference assay has: the errors
and variability in the component assays. Large fructans will be found
in both WSC and NDSF, but this should only affect cool season grasses.

Fiber. Analysis of neutral detergent fiber (NDF) varies in whether
heat-stable, o-amylase or sodium sulfite 1is added. Amylase removes
starch and sulfite breaks disulfide linkages to remove protein. Their
combined use gives NDF values that are more hemicellulose, cellulose,
and lignin, and less contaminating material. The only advisable reason
not to use sodium sulfite is to produce samples for determining neutral
detergent insoluble nitrogen (NDIN or NDFCP both expressed as crude
protein with N x 6.25). Subtraction of NDFCP from the NDF value is only
appropriate when both assays are run using the same reagents.

Acid detergent fiber (ADF) is comprised of cellulose, lignin, and acid
detergent insoluble nitrogen (ADIN or ADFCP both expressed as crude
protein with N x 6.25). ADIN has been used to estimate undigestible or
heat-damaged protein in feeds. However, at least some portion of heat-
damaged proteins may be digestible and utilized by the animal (Machacek
and Kononoff, 2009).

Ash 1is the mineral in feedstuffs that remains after incinerating a
sample. Ash 1is important to the discussion of fiber because of its
potential to inflate values with a contaminant that is not carbohydrate
and has no potential to be fermented by gut microbes. Common methods
for analyzing NDF and ADF report results on a with-ash or ash-free
basis. Ash in feed samples comes from minerals in plant cells, added
minerals, from soil contamination, or from biogenic silica that plants,
commonly grasses, naturally incorporate into their structure. “Ash-
free” requires that the residue remaining after extraction with neutral
or acid detergents be incinerated and the residual ash subtracted so
that it is not counted as part of the fiber. “With-ash” leaves that
mineral as part of the fiber and so inflates the fiber value and the
estimate of potentially fermentable cell wall. Most commercial analyses
have given fiber wvalues on a with-ash basis; it improves turnaround
time on samples and the contaminating mineral is often a low value with
NDF. Soil contamination inflates both NDF and ADF analyses because
neither completely solubilizes it. A feed sample heavily contaminated
with soil will also show unusually high ash values (approximately 5% or
more of dry matter than average values for a feed). If the high ash
content is specific to the subsample, the best option is to take and
analyze a different, uncontaminated sample. If the feed source itself
is high in ash, running the fiber measures on an ash-free basis is the
best way to determine the actual carbohydrate content. Because biogenic
silica is soluble in neutral detergent but is quantitatively recovered
in the residue with acid detergent (Van Soest, 1994), to get an
accurate assessment of carbohydrate in ADF, particularly with grasses,
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ADF should be determined on an ash-free basis, or by running a sample
sequentially through the NDF and then ADF analyses.

Managing Carbohydrates In Rations

One of the challenges we have in coming up with firm recommendations
for carbohydrate feeding in dairy cattle diets 1is that “it depends”,
and we do not always know on what, and we continue to learn more about
how the different fractions function in the cow. How do these things
affect the outcome: the amount, particle size, fragility, and
fermentability of the fiber sources? Fermentability of the starch?
Total protein or ruminally degradable protein (RDP) content of the
diet? Types of RDP? And how do all these pieces fit together and
interact to determine nutrient supply and animal performance? Here, we
will focus on the non-NDF carbohydrates. There 1is relatively 1little
information available on NDSF and fructans.

Current TMR formulations in the upper Midwest and Northeast use from 3
to 7% WSC, 20 to 30% starch, 7 to 12% NDSF, and 26 to 32% NDF (~75%
forage NDF/total NDF). The 2001 Dairy NRC (Table 4-3) had NFC
decreasing and total NDF increasing as forage NDF decreased; the NFC in
their example would have mainly been starch. Feeding studies have shown
that starch isn’t required to provide energy, though it is a convenient
and readily available form here in the U.S. A survey of rations that
maintained good health and performance in commercial herds was updated
with 3 studies that wvaried starch wvs. other NFC and maintained milk
production of 75 to 88 1lb of milk (Figure 2). Two of the studies only
reported starch composition of the diets. The starch, ESC (proxy for
WSC), and NDSF in the original survey showed starch increasing, ESC
decreasing, and NDSF little changed as forage percentage of the rations
increased. Those changes did not necessarily indicate what the ideal
diets were, as much as what worked with feeds that were available in
given areas. It did agree with our concept that you need to make sure
that there 1is adequate chewable fiber from forage in the ration to
maintain ruminal pH when much fermentable starch is fed. However, with
the research studies added, the picture is not as clear (gray symbols
in graph). The starch, ESC and NDSF contents of the research diets
differed a lot from the pattern that showed up on the commercial farms,

45

. . . Figure 2.
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but cow performance was still good. Starch (triangles) was higher
(35%)or lower (11%), ESC (squares) was higher (12%), and NDSF (circles)
was higher (15-19%) on some of the experimental diets. The research
rations were in a far narrower range of forage inclusion than were the
commercial herd diets. What is interesting is that NFC or the sum of
ESC, starch, and NDSF was relatively flat across the herds and studies,
averaging 38% of ration dry matter, and ranging primarily from 35 to
42% of dry matter. A side note: diets up to approximately 20% sugars
from sugar cane have been fed to Nellore steers at intakes of ~12 1b
(Sousa et al., 2014).

Lacking clear targets for how much of the individual carbohydrate types
to feed, understanding how they behave in the rumen and can affect
animal performance can help us to figure out how to work with them.

Rumen Function

Rumen microbes convert feed carbohydrates into a number of products

including organic acids (lactate, acetate, ©propionate, Dbutyrate,
valerate), gases (carbon dioxide and methane), microbial cells, and
glycogen (Figure 3). Glycogen 1is a polysaccharide with a structure very

similar to starch that 1is made and stored internally by both protozoa
and bacteria. It may be fermented later by the microbes, or pass from
the rumen. There can be a significant flow of glycogen (with potential
to digest 1like starch) to the small intestine even on all forage
rations (Branco et al., 1999). So, glycogen production essentially
slows down fermentation and acid production, relative to the readily
available carbohydrate from which it was formed. A hidden cost of
glycogen accumulation: each glucose stored 1in glycogen has a cost
equivalent to 1 ATP to add it to the polysaccharide chain (Ball and
Morell, 2003). So, 1f rumen microbes obtain 3 to 4 ATP from fermenting
a carbohydrate (Russell and Wallace, 1988), storing it as glycogen
effectively decreases the ATP yield by 25 to 33%, reducing the amount
of energy available to drive microbial cell production. Factors
affecting glycogen production:

®* More microbial glycogen 1s made when greater amounts of rapidly
available carbohydrate are present (Prins and Van Hoven, 1977),
particularly if there is more relative to their ability to process it
and use the energy; this may be an alternative to energy spilling.

* More available RDP can decrease glycogen production (McAllan and

Tissues Liver Figure 3. Fates
Glucose of carbohydrates.
SI = small
" Feed | intestine, LI =
i reed : i large intestine.
| carbohydrate! <5 Organic
8 C?—l acids Organic
4 .
Microbial S| cocum
glycogen & LI
Microbial \
cells
Undegraded feed S.1. Manure
Rumen garbohydrate | Absorbed sugars |

Smith, 1974) and
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increase the flux of carbohydrate through fermentation, which can also
increase lactate production (Counotte and Prins, 1981; Malestein et
al., 1984).

Some general observations about the effects of carbohydrates, but that
are not always observed:

Increased milkfat production with feeding more sugars (Broderick and
Radloff, 2004; Broderick et al., 2008; Penner and Oba, 2009).

Starch gives more milk protein than other NFC (Broderick and Radloff,
2004; Sannes et al. 2002; Hall et al., 2010).

What we know (the most information is available on starch and sugars..):
® Sugars can be very rapidly utilized in the rumen for fermentation but
also can be used by microbes to produce substantial amounts of glycogen
which slows fermentation and acid production (Thomas, 1960).

* Lactose and orchardgrass fructans are taken wup more slowly Dby
microbes and produce less glycogen than does glucose (Figure 4; Hall
2016; Hall and Weimer, 2016). Fructans appear to ferment more rapidly
than lactose.

* Starch can also be converted to microbial glycogen.

® Sucrose has been reported to yield less microbial protein than starch
(Hall and Herejk, 2001; Sannes et al., 2002) even when rumen pH was not
an issue. The reduction 1in protein with sucrose may be related to
greater glycogen production and less energy available for microbial
cell growth.

* Given glucose as a substrate, ruminal microbes prefer to use amino
nitrogen (amino acids, peptides) rather than ammonia or urea (Hristov
et al. 2005; Hall, 2017).

** For the milk protein picture, it is possible that this is related to
relatively more glycogen and less microbial protein being produced with
sucrose and glucose than with starch. There’s also the possibility that
the type of RDP available in the rumen will modify the results. As for
lactose, reports from the field suggest that this more slowly
fermenting sugar can be substituted for corn grain.

100
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g 80
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* Fermentation of sugars tends to produce more Dbutyrate than does
starch, and may yield more lactate (Strobel and Russell, 1986).

* Some species of glucose-utilizing microbes perform biohydrogenation
on fatty acids in the rumen (Butyrivibrio fibrosolvens; McKain et al.,
2010) .

*Milkfat production increases associated with sugar feeding may be
related to increased biohydrogenation of fatty acids to forms that will
not cause milkfat depression, or the increased butyrate influences
milkfat production. Occasionally, modifying dietary protein can
increase milkfat. Is this due to increasing the fermentation and growth
of the microbes that biohydrogenate or make butyrate?

Additional note on sugars vs. starch: In a ruminal acidosis induction
study, crushed wheat caused more severe ruminal lesions than did
molasses. With crushed wheat, the ruminal pH continued to fall over 120
hours reaching 3.93, whereas with molasses, it fell to 4.76 by 24 hours
and then started to rise (Randhawa et al., 1982). This may be due to
the molasses moving with liquid vs. starch being a solid that would not
as readily pass from the rumen. And possibly due to formation of
glycogen with the more readily available sugars.

Additional note on starch: We think of starch as a major source of
propionate, but that may only be true when substantial amounts of
starch or fermented feeds with lactate are fed (Murphy et al., 1982).
The increase in ruminal propionate concentrations commonly associated
with increased starch feeding may be a function of a change in the
microbial population and pH rather than a characteristic of starch
itself (Baldwin et al., 1962; Mackie and Gilchrist, 1979).

Influence of Protein on Ruminal Carbohydrate Use

* Increasing availability of RDP increases the yield of microbial
protein per amount of carbohydrate (Figure 5; Argyle and Baldwin,
1989). Possibly by decreasing glycogen production and providing a
needed nutrient for growth.

* Increasing RDP may increase ruminal organic acid concentration and
decrease pH (Aldrich et al., 1993), and increase ruminal lactic acid
concentration (Hall, 2013). Again, this may be due to decreasing
glycogen production and increasing the flux of carbohydrate through
fermentation.

* TIncreasing RDP can remove the depressing effect of nonfiber
carbohydrates on fiber fermentation (Heldt et al., 1999).

Figure 5. Microbial
yields (as micrograms of
RNA/mg of carbohydrate
added) for mixed ruminal
— WH3 only microbes after 6 hours of
——==1mg/L fermentation. The “mg/L”
values are for the amount
— —lomg/l of amino acids + peptides
= - 100 mg/L added; media for all
treatments contained 3.6
¥ ' millimolar ammonia.
0 5 10 15 20 5 (Argyle and Baldwin,
Carbohydrate (mg/Culture) 1989) .
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Thoughts on Applications

The different fractions of carbohydrate have distinctly different
fermentation and digestion characteristics that may have benefits or
drawbacks under different scenarios. A key seems to be providing enough
readily digestible carbohydrate of whatever types without creating
problems 1in the rumen (acidosis) and the rest of the digestive tract
(enteritis). This means paying attention to adequacy of the physical
form of the ration and how that fits with the different carbohydrate
components. That requires observing the cows for signs that they are
functioning well with their ration. That protein supply can modify how
rumen microbes process carbohydrate tosses in another variable that we
have not explored well. Use RDP without overfeeding as a modifier of
microbial growth or acid production in the rumen? Potentially. We still
have substantial gaps 1in our knowledge regarding how best to utilize
different carbohydrate sources in dairy cattle rations.
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FLY IMPACTS:

Of the many thousands of species of true flies (order Diptera), only a few have a close
association with animals. Of particular significance are those fly species that complete their
immature development in animal feces and are therefore called “filth flies” (Table 1). Wet feces
are an excellent developmental environment for these filth fly species, while also supporting the
survival of many disease-causing pathogens. In addition to contact with feces during immature
development, adult flies will visit feces to feed and to deposit eggs. To acquire nutrients needed
for adult survival and egg development, some of these fly species also feed readily on available
animal feed, as well as on sweat or other animal body secretions.

Two species (stable fly and horn fly) feed on animal blood as adult flies, and their painful
bites result in reductions in animal weight gains and milk yields due to animal discomfort. These
production impacts are largely the result of reduced feed and water consumption coupled with
increased animal activity and animal heat stress as harassed animals exhibit a number of
defensive behaviors to avoid the painful bites. One of these defensive behaviors, cattle bunching,
is often observed when biting stable flies become numerous (Weiman et al. 1992). Overall losses
to the animal industry in the United States from these blood-feeding filth flies are estimated at
over $2 billion annually (Drummond 1987, Taylor et al. 2012).

Filth flies, particularly house flies and flies in the blow fly family (Calliphoridae), have
been implicated in the transmission of a phylogenetically diverse group of human and animal
pathogens associated with feces and which cause enteric illness (Greenberg 1973, Sasaki et al.
2000, Chakrabarti et al. 2007, Ahmed et al. 2007). While the extent to which filth flies are
responsible for the transmission of pathogens to animals is unclear, there is little doubt that filth
flies are responsible for the dispersal and transmission of numerous enteric pathogens among
animals, and may also move these enteric pathogens to nearby pre-harvest human food plants
(Talley et al. 2012).

Table 1: Common filth fly species in the U.S. and their developmental habitat
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Filth Fly Species Immature Habitat

House fly (Musca domestica) Feces, food waste, sewage sludge

Face fly (Musca autumnalis) Fresh cattle feces

Little house fly (Fannia canicularis) | Poultry feces

Stable fly (Stomoxys calcitrans) Cattle feces, hay waste, green waste, sewage sludge

Horn fly (Haematobia irritans) Fresh cattle feces

Blow flies (Family: Calliphoridae) Food waste, carrion, feces

FLY LIFE CYCLE:

Filth flies undergo complete metamorphosis with egg, larva, pupa, and adult stages in
their development (Fig. 1). Female flies deposit eggs in animal waste or other moist organic
material where the larvae complete their development feeding on the bacteria or organic
material associated with the developmental site. Immature filth flies pass through three larval
instars (stages), growing larger with each successive instar. At the end of the third instar stage,
the larvae typically enter a “wandering stage”, where they leave their development sites in
search of a dry and protected location to pupate. The rate of fly development from egg to
adult, as with all insects, is dependent upon temperature. Under summertime conditions
throughout the United States, many filth flies can complete development from egg-to-adult in
as little as 6-8 days (Moon 2009).

Figure 1: Life cycle of the house fly. Images by Alec Gerry and
Eim Hung, UC Riverside.
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FLY MANAGEMENT

Although adult flies are the cause of nuisance and the carriers of pathogens, the larval
stages should be the prime target for control efforts. Because elimination of suitable larval
habitat will prevent subsequent production of adult flies, sanitation is the first line of defense
against filth flies. At animal production facilities, filth flies are best managed through practices
designed to reduce the attractiveness of manure to egg-laying female flies, as well as practices
designed to reduce the quantity and quality of manure that might be suitable for larval
development. Frequent collection and removal of wet animal manure to offsite sanitary landfills
can be a suitable strategy, but is often cost prohibitive for a large animal facility. More typical is
the frequent collection of manure by scraping animal housing areas or the capture of manure
solids in wash water followed by composting of manure in piles or windrows to reduce the
surface area of the manure available to developing flies. In cases where frequent manure
removal is not an option, every effort should be made to keep the manure as dry as possible by
good ventilation and the prompt repair of water leaks that wet the collected manure and result in
the creation of larval development “hot spots”.

Many natural enemies of flies are generally present wherever these flies occur. Fly eggs
and larvae are eaten by predators, fly pupae are killed by parasitic wasps, and adult flies have
viral and fungal diseases that shorten their lifespan and reduce their egg output (Geden 2006).
These natural enemies provide “free” fly control and can be encouraged by avoiding broadcast
insecticide applications and by efforts to keep manure accumulations as dry as possible.

Chemical control methods may be needed on animal facilities when sanitation measures
fail and fly surveillance shows rapidly increasing numbers of adult flies exceeding a treatment
threshold (Gerry 2011). Adults of all filth fly species may be reduced using insecticides applied
as liquid sprays or fogs to locations such as animal housing or shade structures where the adults
of these fly species tend to rest. Application of insecticides as sprays or liquid pour-ons directly
applied to animals, or in insecticide impregnated ear tags can be used to reduce blood-feeding
flies (Gerry et al. 2007). Flies exposed to the same chemical class continuously will surely and
rapidly become resistant to products in the same chemical class. Consultation with local
extension staff or other knowledgeable personnel can help identify which insecticides are still
effective for these pests in a particular geographic area.

Recent efforts to reducing fly biting pressure on cattle have focused on the application of
low-toxicity repellents applied directly to animals. Some plant essential oils may even prove
suitable for use on organic facilities. Two low-toxicity repellents, geraniol and a mixture of
short chain fatty acids (C8-C9-C10) have shown considerable promise in this regard (Mullens et
al. 2009, Zhu et al. 2014). Additional studies with these repellents that were recently conducted
in California and North Carolina will be discussed.

Given that this presentation on fly management will be given to researchers and others
interested in animal nutrition, I would be remiss if I did not mention the “feed-through” products
that are registered for use to control flies that develop in animal feces. These products pass
through the animal digestive system and into the animal feces where they are present in
sufficient concentrations to prevent fly development in the feces. A search of the on-line
VetPestX pesticide registration database for “feed-through” products to control flies on cattle
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yields eight different products with only two different active ingredients (diflubenzuron and
tetrachlorvinphos) representing two different chemical classes. This searchable database of
insecticides registered for use on animals was recently produced by my laboratory and is
available to search for free by visiting the Insect Pests of Animals website at
http://veterinaryentomology.ucr.edu/ and then selecting the VetPestX tab. Recently, a newer
benzoylphenyl urea insecticide (Novaluron) has also showed promise as a feed-through for
control of biting flies by disrupting insect development in feces of treated animals (Lohmeyer et
al. 2014). I will discuss the availability and use of feed-through insecticides during the
presentation.
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TECHNICAL SYMPOSIUM SPEAKERS

Tanya Gressley, Ph.D. is an Associate Professor in the Department of Animal
and Food Sciences at the University of Delaware. Tanya received her BS and
MS degrees in Animal Science from the University of Maryland and a Ph.D. in
Dairy Science from the University of Wisconsin. Tanya’s research program
focuses on nutrition and nutritional immunology. Her primary area of interest is
the impact of intestinal digestion on dairy cattle health and digestion. Recent
studies have used abomasal infusions of fermentable carbohydrates to mimic
excessive hindgut fermentation that accompanies rumen acidosis. Current work
is focusing on quantifying relationships among intestinal leukocyte populations,
intestinal inflammation, and mucosal micrabiome. A secondary area of work is
the use of dietary supplements to improve animal health and performance.
Supplements evaluated in recent projects include egg yolk antibodies, rumen
protected trace minerals, and rumen protected amino acids. Tanya’s primary
teaching responsibilities are junior/senior level undergraduate Dairy Production
and Lactational Physiology courses. She additionally teaches a freshman animal
science lab, an honors freshman animal science course, and a freshman animal
handling course.

Nicholas Gable, Ph.D. obtained his Bachelors of Agricultural Science from La
Trobe University, Melbourne, Australia. In 2005, he received his Ph.D. degree in
Animal nutrition and physiology also from La Trobe University. Upon completion
of his Ph.D., he conducted postdoctoral research in the USA at both Purdue and
lowa State Universities. Here he worked on evaluating sources of n-3 fatty acids
(docosahexaenoic acid and eicosapentaenoic acid) in nursery-finisher pig
production and using the pig as a biomedical model. In 2008 he joined the
Animal Science Department at ISU as an assistant professor in fundamental
swine nutrition and metabolism. Presently, Dr. Gabler has an active and diverse
research program that focuses on understanding and improving swine feed
efficiency and intestinal physiology at the basic and applied, cellular and whole
animal levels. His research program can be divided into four areas: (1)
Understanding the physiology and molecular pathways that define feed efficiency
differences in swine; (2) Gastrointestinal physiology (integrity and function) of
swine; (3) Using the pig as a biomedical model or dual purpose research
(livestock and human application); and (4) Understanding the impact of disease
and poor health on metabolism, nutrient requirements and tissue accretion. This
later research has been using PRRS and PED virus challenge models to study
how health challenges alter pig productivity and nutrition. Altogether, these
research areas are developing into a highly productive, successful, integrated,
hypothesis driven programs. Over the last six years, Dr. Gabler has graduated
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four M.S. students and three Ph.D. students from his program. He has been
active as an author and co-author and has published over 45 peer-reviewed
journal articles, a review paper and a book chapter since August 2008. His
research is making important scientific contributions to swine production, nutrition
and health.

Duarte E. Diaz, Ph.D. holds a M.S. and a Ph.D. in nutrition from North Carolina
State University. His research for the past 20 years has focused on the effects of
mycotoxins on agriculture. Dr. Diaz has given over 40 invited presentations
around the world and has published over 70 articles in scientific journals,
proceedings and popular press magazines. In 2005 Dr. Diaz served as editor of a
publication that focused on the applied impact of mycotoxins on agriculture titled
“The Mycotoxin Blue Book” (Nottingham University Press). The book has sold
over 5,000 copies and is widely considered an important reference on the
subject. Dr. Diaz has worked in Academia at several institutions including Utah
State University, University of Bologna and the Catholic University of the Sacred
Heart in Italy. In 2015, after several years working in the private sectors, Dr. Diaz
joined the faculty at the University of Arizona as an Associate Professor and
Dairy Extension Specialist.

Paige Gott, Ph.D. is a Ruminant Technical Manager for BIOMIN America, Inc.
She received both her B.S. and M.S. degrees in Animal Sciences as well as her
Ph.D. in the College of Veterinary Medicine from The Ohio State University.
Paige focused on udder health and transition cow management during her
graduate programs. Dr. Gott is a Ruminant Technical support manager for
BIOMIN and is specializing in mycotoxin risk management. Paige resides in
Coshocton, Ohio with her fiancé Chip.
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CANC SPEAKERS

Frank Mitloehner, Ph.D. - Keynote Speaker - is a Professor and Air Quality
Specialist in Cooperative Extension in the Department of Animal Science at the
University of California, Davis. He received his MS degree in Animal Science
and Agricultural Engineering from the University of Leipzig, Germany, and his
PhD degree in Animal Science from Texas Technical University. Dr. Mitloehner
is an expert for agricultural air quality, livestock housing and husbandry. Overall,
he conducts research that is directly relevant to understanding and mitigating of
air emissions from livestock operations, as well as the implications of these
emissions for the health and safety of farm workers and neighboring
communities. Dr. Mitloehner has served as chairman of a global United Nations
Food and Agriculture Organization (FAQO) partnership project to benchmark the
environmental footprint of livestock production. He served as workgroup member
on the President’s Council of Advisors on Science and Technology (PCAST) and
as member on the National Academies of Science Institute of Medicine (IOM)
committee on “A Framework for Assessing the Health, Environmental, and Social
Effects of the Food System”.

Carl Old, Ph.D., received a B.S. and Ph.D. from the University of California,
Davis. For the past 35 years he has worked as a ruminant nutritionist. Old
resides near LeGrand, California.

Ralph Ward is the founder and owner of Cumberland Valley Analytical Services
(CVAS), one of the largest forage testing labs in the United States. A graduate of
Virginia Polytechnic Institute and State University, Mr. Ward was a dairy
herdsman and then spent a number of years involved in on-farm dairy nutrition
work. He started CVAS in 1992 as he saw a need for more extensive forage
diagnostic services for dairy nutritionists and their clients. With a focus on
chemistry analysis and application of non-traditional forage evaluation
techniques, CVAS has grown to over 100 employees in three U.S. locations. Mr.
Ward was the first to commercialize the use of the "fermentation analysis" in the
U.S. and is one of the leaders in the development of in vitro fiber and starch
digestibility services. With one of the largest and most comprehensive sets of
forage NIR equations and supporting information management technology, Mr.
Ward is focused on the establishment of a global NIR forage and feed evaluation
network. As part of this network CVAS supports multiple U.S. lab operations as
well as operations in Italy, Chile, Argentina, Uruguay, Mexico, British Columbia,
Ontario, Quebec, Australia, Japan, China, and South Africa with labs soon to
come on line in the U.K. and Germany.
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Rick Grant, Ph.D. was raised on a dairy farm in northern New York State. He
received a B.S. in Animal Science from Cornell University, a Ph.D. from Purdue
University in ruminant nutrition, and held a post-doctoral position in forage
research at the University of Wisconsin-Madison from 1989 to 1990. From 1990
to 2003, Rick was a professor and extension dairy specialist in the Department of
Animal Science at the University of Nebraska in Lincoln. Since February of 2003,
he has been President of the William H. Miner Agricultural Research Institute in
Chazy, NY, a privately funded educational and research institute focused on
dairy cattle, equine, and crop management. Rick’s research interests focus on
forages, dairy cattle nutrition, and cow behavior. He has been the recipient of the
Pioneer Hi-Bred International Forage Award in 2010 and the Nutrition
Professionals Applied Dairy Nutrition Award in 2015.

Mary Beth Hall, Ph.D. is a research animal scientist at the U.S. Dairy Forage
Research Center part of the USDA - Agricultural Research Service in Madison,
WI. The main areas of her work are feed carbohydrates, their analysis, digestion
and use by dairy cattle and their microbes, with special attention paid to
carbohydrates in forages and by-product feeds. Over the years, she has worked
on dairy farms, as a sales representative for a feed company in the northeastern
United States, and as a county agent for Cooperative Extension working on
nutrition and management with commercial dairy farms in New York State. She
was on faculty working in dairy nutrition extension and research at the University
of Florida for 8 years. She received her Animal Science degrees from Cornell
University (BS and PhD) and Virginia Tech (MS). She presently lives in rural
Wisconsin with her husband (Stu), and a varied pack of dogs.

Alec C. Gerry, Ph.D., Professor and Cooperative Extension Specialist,
Department of Entomology, University of California at Riverside. Dr. Gerry
received his B.A. Biology, UC Berkeley (1990) and Ph.D. Medical & Veterinary
Entomology, UC Riverside (1999). Dr. Gerry has been with the University of
California at Riverside since February of 2003. Prior to joining the faculty at UC
Riverside, Dr. Gerry was a Senior Public Health Biologist for the California
Department of Public Health where he was responsible for protecting
Californians from pathogens transmitted by insects and other vectors. Dr. Gerry
additionally served as a medical entomologist in the United States Army
Reserve, with over 26 years of active and reserve service prior to his retirement
from the military in 2015. Research and extension efforts in his laboratory at
UCR are focused on the biology, ecology, and integrated management of pest
arthropods and disease vectors associated with animals. Recent research has
included studying the dispersal and control of filth flies, investigating the role of
biting flies in the transmission of disease agents, and evaluating integrated pest
management techniques for control of nuisance and disease-transmitting insects.
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Rick Grant, Ph.D. was raised on a dairy farm in northern New York State. He
received a B.S. in Animal Science from Cornell University, a Ph.D. from Purdue
University in ruminant nutrition, and held a post-doctoral position in forage
research at the University of Wisconsin-Madison from 1989 to 1990. From 1990
to 2003, Rick was a professor and extension dairy specialist in the Department of
Animal Science at the University of Nebraska in Lincoln. Since February of 2003,
he has been President of the William H. Miner Agricultural Research Institute in
Chazy, NY, a privately funded educational and research institute focused on
dairy cattle, equine, and crop management. Rick’s research interests focus on
forages, dairy cattle nutrition, and cow behavior. He has been the recipient of the
Pioneer Hi-Bred International Forage Award in 2010 and the Nutrition
Professionals Applied Dairy Nutrition Award in 2015.

Louis Armentano, Ph.D., graduated from Cornell University in 1975, earning a
B. S. with distinction in Animal Science. He went to North Carolina State to study
the use of by-products as feeds for dairy cattle and received an M.S. in Animal
Nutrition. His Ph.D. was from lowa State where the relationship between rumen
carbohydrate fermentation and the metabolic processes of cattle was examined
at the whole animal level. After a brief research appointment at Virginia Tech
working with protein nutrition of dairy cows, Lou joined the Department of Dairy
Science at Madison in 1983 as an Assistant Professor with teaching and
research responsibilities. In addition to a program studying basic liver
metabolism in cattle, Lou has maintained a program addressing use of by-
product feedstuffs and their role in providing energy, fiber, and protein to dairy
cows. His most recent research efforts have been to explain the effects of
dietary fat on milk fat secretion, and resulted from examining the effects of the
sometimes high levels of corn oil found in distillers grains. In addition to serving
as a professor for 33 years at the University of Wisconsin-Madison, Lou had the
pleasure of chairing the department for 8 busy and exciting years. Lou recently
moved his appointment from Full Professor to Professor Emeritus, but is still
actively involved in dairy research and outreach. He currently serves on the
National Research Council dairy nutrition guidelines writing committee and is
president of the American Dairy Science Association.
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California Animal Nutrition Conference
2017 Steering Committee

Chairperson: Phillip Jardon, DVM, MPVM, is a Technical Consultant for Elanco
Animal Health. He earned his DVM from lowa State University and MPVM from UC
Davis. Dr. Jardon has worked in the dairy industry for 26 years. He has a wide range
of experience in research, dairy veterinary practice, nutritional consulting, and in
technical service.

Vice Chairperson: Jason Brixey, M.S., P.A.S. - Consulting Animal Nutritionist
Jason D. Brixey was born and raised in Crescent City, CA. He graduated in 2001
from Cal Poly San Luis Obispo with a Dairy Science and Ag Business Undergraduate
Degree. He attended the University of Idaho in Moscow under Dr. Mark McGuire,
graduated with a Masters of Science in 2003. He started his animal nutrition career
with West Milling LLC in Phoenix, AZ as the Nutrition Technical Representative. In
April of 2005, Jason was hired by Pine Creek Nutrition Service Inc. out of Denair, CA
to work on dairy farms as a Consulting Animal Nutritionist. He became partner at
Pine Creek Nutrition Service in January of 2008. Married to my lovely wife Jodie that
I share in the duties of raising three wonderful children; Jack (7), Kaydee (4 '2), and
Will (2).

Ex Officio: Ben Tarr, Adisseo USA Inc. Ben Tarr is a native Californian who
grew up on his family’s cattle ranch in the foothills of the Sierra Nevada near
Oakhurst, California. He holds a Bachelors of Science in Animal Science and a
Masters of Agriculture in Animal Science Business from Texas A&M University. His
career experiences have spanned from working in the commodity sector for Cargill
Investment Services and Integrated Grain and Milling to livestock production with
Cactus Feeders in Amarillo, Texas and Harris Ranch in Selma, California. Ben
worked for Adisseo as their U.S. Ruminant Sales Manager prior to taking a position
with Global Animal Products in Texas.

Committee Members:

Anthony Allen, Biomin USA Inc., Ruminant Key Account Manager for Western
U.S. with Biomin since since May of 2010. He has worked for Nutrius, Foster Farms
Commodities Division, and PM Ag Products on the dairy direct side before joining
Biomin on the supplier side. Anthony received his B.S., Animal Science degree from
Fresno State in 1995 and he is a Certified Dale Carnegie Trainer and teaches a couple
of classes each year. He is a lifelong Fresno resident. Anthony and his wife Stephanie
have three boys, Nathan, Garrett, and Sam.
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Marc Etchebarne, Michel A. Etchebarne, Ph.D. Inc., Independent Dairy
Nutritionist since 2010. USMC 2003-2008, Sergeant. Colorado State University
graduate emphasis on Sheep, Feedlot, and Dairy Systems in 2010. ARPAS member,
PAS.

Jennifer Heguy, is a native of California’s San Joaquin Valley. She received her B.S.
in Animal Science, with an emphasis in Livestock and Dairy, at the University of
Caifornia, Davis. In 2006, she received her M.S. degree at UC Davis, focusing on
dairy cattle nutrition. Jennifer currently serves as the University of California Dairy
Farm Advisor in Merced, Stanislaus and San Joaquin Counties where milk is a major
agricultural commodity. Jennifer’s major program focus is improving silage and
feeding management practices on California dairies.

David Ledgerwood graduated in 2004 with a BS degree in Animal Science focusing
on livestock and dairy cattle from the University of California Davis. Upon
graduating he worked in the university ruminant nutrition lab with Dr. Ed DePeters as
a lab technician performing feed nutrient and milk analysis while assisting graduate
students run various ruminant nutrition focused research trials. In 2007 he graduated
with a MS degree in Animal Biology focusing on ruminant nutrition working with Dr.
DePeters. After graduation in 2007 he worked as a lab and research program manager
in the field of animal behavior/welfare on the UC Davis campus performing various
research trials focused on improving cow comfort. In January of 2014 he accepted a
job with the Veterinary Medicine Teaching and Research Center in Tulare as a
research program manager for the clinical department performing various research
projects covering cow behavior, calf health, and nutrition. In April of 2011 he was
offered a position with Western Milling LLC working as a dairy nutritionist and
currently works one on one with dairymen to find the nutrition program that works for
their facility and cows. He also takes part in the quality control program at the Goshen
mill and works with Quality Assurance to write and edit programs to ensure they
produce quality products.

Heidi Rossow, Ph.D., is an Assistant Professor of Ruminant Nutrition with UC Davis
Veterinary School located at the Veterinary Medicine Teaching and Research Center
(VMTRC) in Tulare, California. Her areas of research are computer modeling of
nutrient metabolism and systems analysis of dairy and beef production. She has
authored over 20 publications and created several computer programs that evaluate
rations and production for dairy and beef cattle, estimate body weight changes based
on dietary information for humans, predict liver and adipose nutrient metabolism and
track nitrogen and phosphorus balance for a dairy farm. Dr. Rossow is currently
developing a nutrition program in conjunction with several farms in the central valley
to teach veterinary students the role of nutrition in dairy management and disease.
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Honorary Member:

Kyle Thompson, Ph.D. received his B.S. degree in animal science from Fresno State
(2006) and his master's and Ph.D. degrees in animal science from Oklahoma State
(2011/2015). He joined the Fresno State staff in the fall of 2016 after taking classes
and teaching at Oklahoma State from January 2007-June 2016 and serving as the
graduate student assistant manager of the campus dairy cattle center. His research
included dairy nutrition research trials and lactating cow probiotics. He also assisted in
research for bovine respiratory disease, rumen temperature bolus, milk production by
weigh-suckle-weigh and swine antimicrobial replacements. He also assisted in 4-H
and FFA Field Day dairy judging competitions. While in Stillwater, OK, he owned
and operated Wild Acre Farms and Exotics, which raised ewes, game birds, free range
hens and other fowl/animals, and produced grasses and winter wheat for grazing and
hay production. As a Fresno State student, he worked in the sheep unit three years,
served as a campus farm tour guide, and dairy unit herdsman and feed/hospital
technician. He also worked as an exotic animal nutrition intern (2009) and global
nutrition fellow at the San Diego Zoo (2013).
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YEAR
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1979
1978
1977
1976
1975
1974
1973
1972
1971

CHAIRPERSON

Dr. Phillip Jardon, DVM, MPVM
Mr. Ben Tarr

Dr. Jeftrey M. DeFrain
Mr. Doug DeGroff

Mr. Eduardo Galo

Dr. Michael A. DeGroot
Dr. Jim Tully

Mr. Michael Braun

Dr. Luis Rodriguez

Dr. Marit Arana

Mr. Dennis Ervin PAS
Dr. Lawson Spicer

Dr. Luis Solorzano

Dr. Alfonso Mireles, Jr.
Mr. Edmund Vieira

Dr. Melinda Burrill

Mr. Dave Fischer

Dr. M. Steven Daugherty
Dr. Doug Dildey

Ms. Carla Price

Dr. H.John Kuhl, Jr.

Mr. Dennis Ralston

Dr. Doug Dildey

Dr. Mark Aseltine

Dr. Carl Old

Mr. Nick Ohanesian

Mr. Rod Johnson

Mr. Timothy Riordan

Dr. Russ W. Van Hellen
Dr. JohnE. Trei

Dr. A.A. Jimenez

Dr. Wm. A. Dudley-Cash
Dr. Joel Kemper

Dr. Alex J. Kutches

Dr. Howard Waterhouse
Mr. Don Ulrich

Mr. Tom Geary

Dr. Frank Parks

Mr. Fred Pfaff

Mr. Rene Lastreto

Mr. Rene Lastreto

Dr. R.D. Hendershott
Dr. R.D. Hendershott
Dr. Leland Larsen

Dr. Leland Larsen

Mr. Rene Lastreto
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COMPANY AFFILIATION
Elanco Animal Health

Adisseo USA Inc.

Zinpro Performance Minerals
Diversified Dairy Solutions, LLC
Novus International, Inc.

DeGroot Dairy Consulting

Pine Creek Nutrition Service, Inc.
Phibro Animal Health

Zinpro Corporation

A.L. Gilbert Company

Prince Agri Products, Inc.

Nutri Management Inc.

Purina Mills, Inc.

Foster Farms

Pine Creek Nutrition Service, Inc.
California State Polytechnic University - Pomona
Foster Farms

California State Polytechnic University - SLO
Alltech, Inc.

Nutritionist

Nest Egg Nutrition

M. Rinus Boer Co., Inc.

Alltech, Inc.

Consulting Animal Nutritionist
MacGowan-Smith Ltd.
Ohanesian & Associates

M. Rinus Boer Co., Inc.
Nutri-Systems, Inc.

Great West Analytical

California State Polytechnic University, Pomona
Ancon, Inc.

Foster Farms

Penny-Newman Co.

O.H. Kruse Grain & Milling Co.
Bell Grain & Milling

Diamond Shamrock Chemical Co.
PMS-West, Inc.

Kemlin Industries

Zacky Farms

Diamond Shamrock Chemical Co.
Diamond Shamrock Chemical Co.
Nulaid Foods

Nulaid Foods

Nutri-Systems, Inc.
Nutri-Systems, Inc.

Diamond Shamrock Chemical Co.



YEAR
1970
1969
1968
1967*
1966*
1965%*
1964*
1963*
1962*
1961*
1960*
1959*
1958*
1957*
1956*
1955%*
1954*
1953*
1951*
1950*
1949*
1948*

CHAIRPERSON
Mr. Fred Pfaft

Mr. Fred Pfaft

Mr. Fred Pfaft

Mr. Gary L. Frame
Mr. Gary L. Frame
Mr. Arne Jalonen
Mr. Arne Jalonen
Dr. W.P. Lehrer

Dr. H.J. Almquist
Dr. H.S. Wilgus
Mr. Bert Maxwell
Mr. Bert Maxwell
Mr. Robert Caldwell
Mr. Emery Johnson
Mr. Emery Johnson
Dr. H.J. Almquist
Dr. H.J. Almquist
Mr. Clifford Capps
Mr. Dolph Hill

Dr. H.J. Almquist
Dr. H.J. Almquist
Dr. H.J. Almquist

* California Animal Industry Conference
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COMPANY AFFILIATION
Balfour Guthrie

Balfour Guthrie

Balfour Guthrie

J.G. Boswell Co.

J.G. Boswell Co.

Topper Feed Mills
Topper Feed Mills
Albers Milling Co.

The Grange Co.

The Ray Ewing Co.
Nulaid Foods

Nulaid Foods

Anderson Smith Milling Co.
P.C.A., Los Angeles
P.C.A., Los Angeles

The Grange Co.

The Grange Co.
California Milling Co.
Golden Eagle Milling Co.
The Grange Co.

The Grange Co.

The Grange Co.



History of the
California Animal Nutrition Conference

The California Animal Nutrition Conference (CANC) originated in the 1940's as the
California Animal Industry Conference, sponsored by the California Grain & Feed
Association (CGFA). CGFA wanted to expand the continuing education program into a
forum encompassing animal health, nutrition and management. The expectations were
that communications between (nutritionists) industry, educational institutions and
regulatory agencies would be improved. In 1972, CGFA discontinued sponsoring the
Animal Industry Conference.

After the conference was discontinued, a small group of nutritionists began meeting
annually in Fresno. Two or three invited speakers from industry or the universities
presented information on nutrition, especially poultry.

In 1975 a set of organizational bylaws were developed by the steering committee. CANC
was established and was provided support by CGFA. The CGFA Board of Directors
appointed a chairperson annually and approved the steering committee. In 1978, Dr.
Frank Parks, the Chairperson, requested that CANC be granted independent status and be
established as a self-governing committee of CGFA. This request was granted.

For a few years, meetings were held in Fresno and Corona, California. For a couple of
years starting in 1978, CANC published “Nutri-Facts”, a “newsletter” consisting of
articles in animal production.

In 1979, donations were requested from industry companies to help keep registration fees
low. During the 1980's and through the 1990's the attendance at CANC continued to
grow as the quality of the conference improved and the conference became known
nationwide. In the 1990's a pre-symposium was added. The pre-symposium is sponsored
by a company selected by the CANC Steering Committee. This process allows the
selected company to showcase its research and products. In the year 2000, posters on
research by students were included.

Attendance at the conference has grown from 50 in the 1970's to over 300 attendees. To
encourage attendance, different activities have been tried such as keynote speakers,
skiing expeditions and a very successful barbeque dinner put on by the Animal Science
Department at Fresno State University.

The California Grain & Feed Association has supported and allowed CANC to work and
grow. The premise of the CGFA and CANC relationship is to work together to educate
the feed industry with information for problem solving and to disseminate valuable
research information. CANC is not an industry, university, or government entity, but a
committee collectively working together for the good of agriculture in California.
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Estimation of the requirement for water and ecosystem benefits of cow-calf
production on California rangelands’

E. Andreini*, J. Finzel’, D. Rao', S. Larson’, and J.W. Oltjen*’T

*Department of Animal Science, University of California, Davis
+University of California Cooperative Extension

ABSTRACT

Among other agricultural sectors, beef production is accused of using large amounts of
water, and in an effort to reduce water use, some studies recommend decreasing or halting meat
consumption. Beef production water footprints vary and some do not consider the tradeoffs
associated with ecosystem benefits provided by cattle on rangeland. A static model depicting
water use for cow-calf production on California rangeland was developed on an Excel
spreadsheet. Range water use for beef production was modeled at two UC Agriculture and
Natural Resources (ANR) Research and Extension Centers: Hopland (HREC) and Sierra Foothill
(SFREC), and at the USDA Forest Service San Joaquin Experimental Range (SJREC). These
three locations were chosen based on evapotranspiration (ET) zones and differences in forage
production and rainfall. The model accounted for green water (i.e., water used for range forage
production), and blue water (i.e., drinking water, and water used to grow alfalfa and irrigated
pasture). As liters per kg of live weight, green water consumption was estimated to be 42,492 for
HREC, 28,106 for SFREC, and 22,102 for SJREC. Blue water consumption as liters per kg of
live weight was estimated to be 4,631 for HREC, 12,784 for SFREC, and 9,140 for SJREC. The
model was sensitive to changes in range forage production and irrigated pasture use. Green water
usage appears large; however, cattle consume less than 18% of the total water range forage plants
use to grow. Given that green water is sourced from rainfall and is not designated for another use,
it is misleading to associate negative environmental impacts to rangeland beef production based
on these numbers. It is important to consider the water use associated with beef production in the
context of ecosystem services cattle provide to rangelands, such as preventing grasslands from
being converted to shrub lands, woodlands, or even forests, and the role grazing cattle play in

managing and improving rangeland.

KEY WORDS: Water use, beef cattle, rangeland, ecosystem benefits

" Acknowledgements: The authors would like to acknowledge and thank the Renewable Resource and
Extension Act (RREA) grant for the funding of this project.
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Description and evaluation of the AusBeef model of beef production

H.C. Dougherty ', E. Kebreab', M. Evered?, B.A. Little’, A.B. Ingham’, R.S.
Hegarty4, D. Pacheco’, & M.J. McPhee’

1Department of Animal Science, University of California, Davis, CA, 95616, NSW DPI,
Beef Industry Centre of Excellence, Armidale, Australia, 3 CSIRO Agriculture, St. Lucia,
Australia, *School of Env. Rural Science, University of New England, Armidale,
Australia, 5 AgResearch Grasslands, Palmerston North, New Zealand.

As demand for animal products such as meat and milk increases, and concern over
environmental impact grows, mechanistic models can be useful tools to better represent
and understand ruminant systems and evaluate mitigation options to reduce greenhouse
gas emissions without compromising productivity. AusBeef is a whole-animal, dynamic,
mechanistic model of beef production that calculates methane emissions from net ruminal
hydrogen balance. AusBeef incorporates a unique fermentation stoichiometry that
represents four different microbial groups, as well as the effects of ruminal pH on
microbial degradation of feed. The objectives of this study were to evaluate the
performance of the AusBeef model of beef production with regard to predicting daily
methane production (DMP, g/d), dry matter intake (DMI, kg/d), gross energy intake
(GEIL, MJ/d) and methane yield (MY, %GEI), using independent data derived from the
literature. AusBeef predictions were compared for the full dataset (n=37) as well as for
high-forage diets (n=21) and mixed diets (n=16) using a root mean square predicted error
expressed as a percentage of the observed mean (RMSPE%). AusBeef predicted DMP
with RMSPE% of 26.6, 30.1, and 21.3% for the full dataset, high-forage, and mixed
diets, respectively. AusBeef predicted MY, DMI, and GEI with a RMSPE% of 38.5,
8.91, and 9.86% for the full dataset, respectively. There were prediction differences
between forage and mixed diets with a RMSPE% of 9.32 and 8.43% for DMI; 6.38 and
11.1% for GEI and 41.7 and 28.4% for MY. AusBeef prediction errors for DMI ranged
from -18 to +42%, with AusBeef underpredicting DMI 76% of the time. AusBeef
underpredicted methane emissions 65% of the time, with prediction error ranging from -
51 to +59%, and underpredicted GEI 90% of the time, with prediction error ranging from
-1 to +30%. Further studies are required to improve the prediction of methane on forage
only diets.

Keywords: Modeling, beef cattle, sustainable agriculture, methane, greenhouse gases
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Predicting in sacco rumen undegraded crude protein and rumen degraded

neutral detergent fiber in canola meal

H.G. Gauthier, N.S. Swanepoel, P.H. Robinson
Department of Animal Science
UC Davis, Davis, CA
In sacco values for rumen undegraded crude protein (RUP) and rumen degraded
neutral detergent fiber (ANDF3) are often estimated by incubating samples in the rumen
of cows for 16 or 30 hours respectively. This utility of the method in real time, however,
is limiting due to the time and expense involved in processing samples. Therefore, the
ability to predict in sacco RUP or dNDF3, values based on more easily measured
analytes would be useful to quickly estimate dNDF3, or RUP of a feed sample, as well
as identify potential outliers. Our objective was to determine the predictive power of dry
matter (DM), crude protein (CP), soluble crude protein (SolCP), acid detergent fiber
(ADF), neutral detergent fiber (aNDF), starch, lignin and ether extract (EE) on measured
RUP and dNDFj3, values of canola meal (Table). Samples of canola meal (n=24) were
collected at 2 week intervals from 9 commercial California dairy farms in the San
Joaquin Valley, and analyzed for nutrient composition. Linear models were fit to the
data using R (2016), with DM, CP, SolCP, ADF, starch, lignin and EE as fixed effects.
Of the variables investigated, variations in RUP can be best (albeit not too well)
predicted by DM and SolCP (each r?=0.37; Figure), and variation in dNDFs is
reasonably well predicted by aNDF (r?=0.67; Figure). Use of these more readily

determined nutrient components as predictors of rumen degradability of CP and NDF
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offer a potential alternative to the in sacco digestion procedure to provide a rapid

estimate of the RUP and dNDF3p in canola meal.

Figure. Relationships of DM and SolCP with RUP and of aNDF with dNDF 3.
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Table. Average values and standard deviations of several analytes of the canola meal samples.

Analyte Average Standard Deviation
DM (%) 89.2 0.72
CP (% DM) 44.2 0.70
SoICP (% CP) 25.0 4.78
RUP (% CP) 255 3.95
aNDF (% DM) 30.0 3.67
dNDF30 (% NDF) 55.0 4.36
ADF (% DM) 23.9 1.81
Lignin(sa) (% DM) 9.1 1.16
Starch (% DM) 0.9 0.21
EE (% DM) 3.3 0.72
NE, (Mcal/kg DM) 1.67 0.04
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Impact of monobutyrin supplementation in liquid diet on growth, health and intestinal
development of preweaning calves

L. K. Hilligsael' 2, J E. Mendezz, A M. Ehrlichz, R. Sygall3, H. Raybouldz, P. Ji*

"University of Copenhagen, Denmark, University of California Davis, 3 Perstop Feed & Food, Malmé
Sweden

Butyric acid, a fermentation product in forestomach of ruminant, is naturally present in cow milk.
Dietary supplementation of butyrate has a broad beneficial effect on growth and digestibility in
weanling piglets. However, its effect in preweaning dairy calves is controversial. In this study, we
hypothesized that supplementing butyric acid in form of its glycerol ester in milk may enhance its
intestinal delivery and stimulate epithelial development in preweaning calves. Twenty-two Holstein
bull calves (< 4 d old) were stratified by arriving BW and serum total protein and randomly assigned to
treatments. Calves were fed milk replacer that supplemented with 0 (CON), 0.4 (LOW) or 0.8%
(HIGH) of monobutyrin (MB, solid basis of milk replacer) until 8 wk of age. Milk replacer containing
27.6% CP and 14.4% crude fat (DM basis) were fed twice daily at 1.5% (solid basis) of BW which was
updated weekly. Starter grain and water were provided for ad libitum consumption during the study.
Scores for health (respiration, diarrhea, and alertness) were assigned once daily. The appearance and
respiration were based on a scale from 1 to 5, where 1 was alert, bright and clear eyes, ears up and/or
normal breathing and 5 was flat on side with severe depression and/or chronic dry cough weak or rapid
breathing. Fecal and nasal score was given on a 1-4 scale where 1 was normal moist nose and/or firm
and well-formed but not hard faeces, and 5 was copious, bilateral mucopurulent discharge and/or liquid
faeces. BW was measured at arrival and weekly, and body frame parameters were measured at arrival
and on wk 4, 6 and 8. Calves were weaned and euthanized on wk 8. Tissue, mucosa and digesta
samples from GIT were collected. The jejunum epithelial permeability was measured through ussing
chamber immediately after collection. The data was subject to analysis of variance using mixed
procedure of SAS. The categorical data of health status was analyzed using Chi-square test. Our results
showed that body weight was not significantly different among treatment groups, whereas wither
height and body length were significantly greater (P < 0.05) in calves from the LOW group than those
from the CON group on wk 6 and 8. Supplementation of MB tended to increase (P = 0.08) hip height.
Calves from the LOW group had the highest intake of starter grain from wk 4 to 6 (P < 0.01) followed
by calves from the CON and HIGH groups. The risk of diarrhea (fecal score > 2; 4-scale score, 1=firm,
4=watery) was not affected by MB supplementation. However, calves of LOW groups had the lowest
risk of respiratory distress (respiratory score > 2; 5-scale score, |=normal, 5=chronic dry cough and
rapid breathing) than that of the other two groups (P=0.024). Despite lack of significance (P = 0.17),
villus height of jejunum epithelium was the highest in LOW followed by HIGH and CON. The crypt
depth was not affected by treatment. However, the ratio of villus height to crypt depth was significantly
higher (P = 0.04) in LOW than that in CON. MB increased (P < 0.05) mRNA of tight junction proteins
(CLDNI and OCLN) in jejunal mucosa. Para- and transcellular permeability were not affected by
treatment. In conclusion, low dose of MB supplementation in milk replacer moderately improved
growth performance and jejunal epithelial development in preweaning calves.

Keywords: monobutyrin calf preweaning
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Effect of phytogenic feed supplements added to starter grain on weight gain and rumen
development in Holstein calves

HA Rossow, KE Mitchell, A Johnson, B Miller (Biomin America Inc.)

The goal of pre wean calf operations is to maximize rumen development and weight gain. Feed
supplements that increase starter intake should also encourage rumen development and increase
weight gain. The objective of this study was to compare rumen development and body weight
gain in pre wean calves given two different starter supplements, phytogenic blend A (A) or
phytogenic blend B (B) (Biomin, San Antonio, TX) or no supplement (Control) at a commercial
calf ranch. One hundred and twenty four holstein calves were randomly assigned to 1 of three
treatments, Control, A or B, at 1 d of age. Control (nothing added), A or B were added to
individual feed buckets at each feeding at the rate of 0.25g / kg starter at AM and PM feedings.
Both starter intake and milk intakes were assessed daily. Calves were weighed at enrollment and
at weaning, and blood samples were collected from a subset of 38 calves and analyzed for
glucose (Glu, mg/dl) and B-hydroxybutyrate levels (BHBA, mmol/L) with Precision Extra blood
meters (Abbott Diabetes Care, Inc., Alameda, CA) to assess rumen development. Weekly
average DMI, milk intake, Glu and BHBA were analyzed using the Mixed procedure of SAS (v.
9.4) with repeated measures by calf, fixed effects treatments and random effect week. Weekly
average DMI (P <0.01), BHBA (P < 0.01) and Glu (P < 0.01) were different by week but not by
treatment. However, weekly milk intake was less for group D (P < 0.05). Total DMI, initial
bodyweight, final body weight and gain were analyzed using the Mixed procedure of SAS with
repeated measures by calf, fixed effects hutch, gender, birthdate. There were no differences in
initial bodyweight and effects of hutch, birthdate or gender among treatments. Product B group
was numerically greater in total DMI, gain, ADG and had faster rumen development indicated by
overall higher BHBA values but differences were not significant among treatments. Therefore
Supplementation with B decreased milk intake but calves maintained similar starter DMI, gain
and ADG.
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Effects of dietary f-glucan on systemic immunity of weanling pigs experimentally infected with a
pathogenic E. coli
K. Kim,' V. Perng,' J. Chase,' X. Li,', E.R. Atwill,' R. Whelan,?> A. Sokale,® Y. Liu!
"University of California, Davis, CA, ?Evonik Nutrition & Care GmbH, Germany, 3Evonik Corporation,
Kennesaw, GA

ProGlucan™ is 100% dried algae, Euglena gracillus, which contains approximately 54% B-1,3-glucan. The
objective of this experiment was to investigate the influence of dietary supplementation of ProGlucan on
systemic immunity of weaned pigs experimentally infected with a pathogenic F-18 E. coli. Weaned pigs (n
=36, 7.69 = 0.77 kg BW) were individually housed in disease containment rooms and randomly allotted to
one of three dietary treatments with 12 replicate pigs per treatment. The three diets were a nursery basal
diet (control), and 2 additional diets containing with either 100 or 200 mg/kg of ProGlucan added to the
basal diet. The experiment lasted 17 d [5 d before and 12 d after the first inoculation (d 0)]. The inoculum
used in this experiment was F-18 E. coli, containing LT, STb, and SLT-2 toxins. The inoculation doses
were 10'° cfu/3 mL oral dose daily for 3 days. Blood samples were collected right before E. coli challenge,
and ond 2, 5, 8, and 12 post-inoculation (PI). Total and differential blood cell count were analyzed by CBC
test. The concentration of CD4+ T cells, CD8+ T cells, and B cells were analyzed by flow cytometry. The
concentrations of cytokines (TNF-q, IL-6, and IL-10), cortisol, and haptoglobin in serum samples were
analyzed by enzyme-linked immunosorbent assay. All data were analyzed by ANOVA using the PROC
MIXED of SAS in a randomized complete block design and repeat measurement by time. Pigs fed with 100
mg/kg of ProGlucan had less (P < 0.05) total white blood cells and neutrophils on d 8 PI, had greater (P <
0.05) CD4+ T cells on d 2 PI, and had less (P < 0.05) serum haptoglobin and cortisol on d 5 and 12 PI,
compared with pigs fed the control diet. Supplementation of 200 mg/kg of ProGlucan increased (P < 0.05)
the percentage of CD8+ T cells on d 5 PI, but reduced (P < 0.05) the percentage of CD8+ T cells on d 12
PI, compared with the control diet. Inclusion of 200 mg/kg of ProGlucan also decreased (P < 0.05) serum
haptoglobin on d 2 and 5 PI, reduced (P < 0.05) TNF-a concentration on d 5 PI, and reduced (P < 0.05)
serum cortisol on d 5, 8, and 12 PI. Results indicate that supplementation of ProGlucan may regulate
systemic immunity and reduce systemic inflammation of weaned pigs caused by E. coli infection.

Key words: ProGlucan, systemic immunity, weaned pigs
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Colostrum mineral concentrations and their association with calcemic status at calving in

Jersey cows

J Chiozza—Logroﬁo*l, A Valldecabres', A Lagoz, N Silva-del-Rio'; Veterinary Medicine
Teaching and Research Center, University of California Davis, Tulare, CA, USA', DairyExperts

Inc., Tulare, CA, USA?

The aim of the present study was to evaluate the association of postpartum calcemic status and
colostrum concentration of Ca, P, Mg, K, Na, Fe, Zn and Cu on 131 multiparous Jersey cows.
Colostrum samples were harvested at 9 h 36 min (+ 3 h 36 min) after calving and analyzed for
mineral concentration by Inductively Coupled Plasma — Optical Emission Spectrometry. Final
colostrum weigh was recorded at milking. Blood samples for serum Ca analyses were collected
from the coccygeal vessels within 6 h after calving. Based on serum Ca concentration, cows
were classified as hypocalcemic (SHC; Ca < 8.5 mg/dL; n = 103) and normocalcemic (NC; Ca >
8.5 mg/dL; n = 28). Despcriptive statistics, including first (Q,), second (Q-) and third (Q3)
quartiles of colostrum mineral concentrations based on calcemic status at calving are shown in
the Table 1. Associations among calcemic status were analyzed using mixed models with
MIXED procedures of SAS. There was a tendency (P = 0.07) for higher colostrum weigh on
SCH cows (4.2 kg) than NC cows (3.2 kg).

Cows with SHC had higher colostrum P concentration (1400.13 vs. 1140.43 mg/kg; P <0.01)
Mg (338.88 vs. 299.52. mg/kg; P <0.05), K (1494.87 vs.1302.73 mg/kg; P <0.01) and Zn
(18.54 vs.15.25 mg/kg; P < 0.05) than NC cows, but lower Na (822.19 vs. 1003.73 mg/kg; P <
0.05).

Cows with SHC had higher colostrum excretion P (P < 0.05) and Mg (P < 0.05) than NC cows.

283



Our results show that calcemic status tends to affect colostrum yield and is associated with

mineral concentration at calving.

Table 1. Colostrum mineral concentrations at first milking

Ca P Mg K Na Fe
Zn(mg/kg) |Cu(mg/kg)

SHC|(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Q| 2000 | 1100 | 280 | 1287 | 619 | 0.51 13 0.16
Q| 2200 | 1400 | 330 | 1428 | 759 | 0.64 18 0.21
Q:| 2600 | 1600 | 380 | 1677 | 980 | 0.79 23 0.26
NC

Qi 1600 | 730 | 230 | 936 | 763 | 0.66 8.4 0.18
Q; 2100 | 1100 | 280 | 1248 | 913 | 0.73 12 0.21
Q;| 2500 | 1500 | 340 | 1638 | 1276 | 0.87 22 0.30

KEYWORDS: colostrum minerals, hypocalcemia, Jersey cow
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Monitoring ketosis in a commercial Holstein and Jersey herd
Kelly Mitchell

University of California, Davis

Subclinical ketosis, a common metabolic issue in the transition period, is estimated to
cost $78 per case due to decreased milk production, reduced fertility, displaced abomasum, and
other health issues (Geishauser et al., 2001). Considering the potential loss of profit to a
producer, this study focused on identifying the most effective monitoring program to identify at
risk cows. Holstein (n=54) and Jersey (n=52) multiparous cows at a commercial dairy were
enrolled during the prepartum period and then followed to approximately 21 DIM. Weekly blood
samples were analyzed for Glucose (Glu mg/dl) and B-hydroxybutyric acid (BHBA, mmol/L)
using Nova Max® (Nova Diabetes Care, Inc., Billerica, MA). Weekly milk tests were taken in
first 21 DIM and compared to BHBA and Glu values recorded that same week. Both Jerseys and
Holsteins both experience a decrease in Glu and an increase in BHBAs from prepartum to
postpartum (P<0.0001). However, Jerseys were lower than Holsteins for Glu and BHBA levels
during early lactation with values of 2.45 mg/dl and 0.13 mmol/L, respectively (P=0.061,
P<0.0001). Due to this difference, the rest of analysis were run with breeds separated. Blood
categories were assigned as 1 (less than) or 2 (greater than) for multiple thresholds for both
BHBA and Glu levels. Initially, blood parameters were compared to health issue risk and milk
production level individually, but neither alone yielded any significant results. Due to the lower
incidence of hyperketonemia, Jerseys did not have enough samples available for analysis; only 5
cows had >1.0 mmol/L BHBA versus 25 Holstein cows. For Holsteins, using both Glu and
BHBA blood levels as markers were more accurate for identifying suppressed milk production.
They had increased risk of health issues and a decrease of 5.44 kg/d of milk when BHBA > 1.0
mmol/L and Glu<50 mg/dl (P=0.099). The highest incidence of ketosis for both breeds was in
the first week of production. Therefore a monitoring program within the first week of lactation
would be more beneficial for Holsteins. Based on these results, both BHBA and Glu testing is
recommended. Since Glu strips are less expensive, Glu can be used to prescreen for

hypoglycemia first, and then BHBA can be used to confirm the diagnosis if Glu values are low.
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The effects of different feeding practices on heifer growth at five
California dairies

D. Myers

University of California, Davis

The objective of this study was tc determine the effect of diet and age
on Holstein heifer growth at five California dairies. This is
noteworthy, as growth was found to differ between dairies within the
same age groups., Feed samples for each heifer diet were collected
weekly for four weeks at each dairy from September to December, 2016.
Samples were analyzed by Analab (Fulton IL) for nutrient composition.
Body weight and hip height were measured using a weigh tape (Nasco,
Fort Atkinson, WI) and hip stick (Valley Vet Supply, Marysville, KS) on
approximately 10% of the heifers in each pen from ages 3 to 32 mo
(n=1720). Weigh tape was used in place of a scale as it is cheap,
simple to use, and allows dairymen to easily compare their herd to this
data using the same methods. All heifers were measured only once.
Weight and hip height were regressed on age and pen nested within dairy
to compare differences in heifer age and growth among dairies. Heifer
weight and hip height were regressed on age and diet to compare the
effects of diet on heifer growth among dairies. Regressions were
performed using General Linear Models procedure of SAS (v. 9.4, 2014).
Differences were observed in weight (p<0.0001; R = 0.94) and hip height
(p<0.0001; R® = 0.91) across dairies within the same age groups. Diets
varied among dairies which affected weight {p<0.0001; R2=0,93) and hip
height (p<0.0001; R® = 0.89). Therefore, differences in growth between
dairies within age groups is due to each dairy having a unigque set of
heifer diets. Differences among diets reflects differences in heifer
feeding programs between dairies. It has been demonstrated that heifer
growth correlates with reproduction. Thus, altering heifer diet
programs to maximize growth may allow producers to improve heifer
reproduction and therefore improve herd productivity.
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Characterization of California Corn Silage Piles
Yuki Okatsu®, Nadia Swanepoell, P.H. Robinson’

Department of Animal Science, University of California at Davis
University of California, Davis, CA

Ensiling is a popular practice to preserve nutrients in fresh chop plants as it enables
farmers to provide adequate forage for livestock throughout the year. Among the many
forages used worldwide, corn silage among the most important, especially by dairy
farmers in California’s Great Central Valley (GCV).

The process of making silage is facilitated by bacteria that produce lactic acid by
degrading sugars in fresh forages in anaerobic conditions. During this fermentation,
rapid change occurs in pH (down) and temperature (up) and these measures are often
used as indicators of silage quality after the silage fermentation has stabilized. Factors
such as pack density and crop moisture are considered to affect the silage fermentation
process. Even though many guidelines exist relative to optimal silage making and
management of the large piles common in the GCV, the complex biological processes of
ensiling are not fully understood — which can lead to unexpected undesirable silage
outcomes, especially immediately under the cover plastic.

We measured density, pH, temperature, and dry matter (DM) of 14 wedge-type corn
silage piles at 12 commercial dairy farms in the GCV with the aim of characterizing
surface silage (i.e. to 20 in of depth) before pile opening. Silage samples were collected
from each pile at 6 locations (i.e. 2 on the flat top, 2 about 6 feet above the base on
each side, 2 ~% way up each side) in a single line at about mid-pile. Each coring event
consisted of 2 depths from each location (i.e. outer - 0 to 10 in: inner - 10 to 20 in).
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Figure 1. Aerial view of a silage pile. (Dots indicate the 6 coring locations)

There was a wide range in wet weight density of inner cores among piles (10 to 18
Ib/ft?), which were much higher than the outer cores (19 to 34 Ib/ft’). Cores from the
flat top of the piles had higher density than those from the sides. These results were
consistent with DM which tended to be higher in inner versus outer cores and top versus
side cores. Another finding in this study is that silage samples from inner cores had
lower and consistent pH among piles (i.e. 3.52 to 4.23), while outer cores had higher and
much more variable pH (i.e. 3.52 to 5.00), as shown in Figure 2. The lack of a correlation
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between pH and temperature (Figure 3) is perhaps surprising as it suggests that silage
temperature is a poor predictor of silage pH.

Table. Some characteristics of 12 corn silage piles at different locations and depths.

Location Depth Density (Ib/ft?) pH Temperature (F°) DM (%)
Pile top Outer 18.7(3.33)  3.70(0.14) 77.9 (9.62) 31.2 (3.13)
o Imer  393(639) 371(015)  855(759)  33.0(2.59)
Pile side Outer 11.8 (2.62) 3.96 (0.29) 78.5(10.90) 29.5 (3.76)
Inner 23.5(3.61)  3.77(0.14) 85.3 (8.13) 32.3(1.96)

Average (SD)

Lower density in outer core samples may be due to lower DM which is caused by
moisture loss immediately under the underlay cover. As outer cores are closer to the
underlay covers they tend to lose more moisture due to solar radiation and very slow
movement of air over the surface under the plastic covers. Higher silage density in the
flat top of the piles, versus the sides, indicates that silage on the side of wedge type piles
is not packed as tightly as silage at the top due to the way piles are built. Low and
consistent pH of inner cores, compared to outer, suggests the possibility that surface
spoilage had already occurred in some piles prior to opening, probably due to outer core
silage being exposed to some oxygen between the underlay plastic and silage.

Our follow-up study is characterizing the fermentation profile and mold/yeast counts
near the exposed face of 10 corn silage piles during feedout in order to better
understand peripheral face spoilage, which is common in corn silage piles.

Figure 2. Boxplots of pH from outer (0-10 inch)  Figure 3. Lack of a temperature/pH

and inner (10-20 inch) cores. relationship in cores.
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Effects of f-mannanase (CTCZYME) supplementation of feed efficiency and lactation
persistency in Holstein dairy cows

G. C. Reyes', T. A. Tewoldebrhan', B. M. Roque', J. A. R. Appuhamy”, J-J Lee’, S.Seo" and E. Kebreab'.
'Dcparlmcnt of Animal Science, University of California, Davis, CA, USA_,

:Dcpaﬂmcnt of Animal Science, lowa State University, [A, USA |

*CTC Bio Inc., Seoul, Republic of Korea 05842

‘Department of Animal Biosystem Sciences, Chungnam National University, Dagjeon 305-764, Republic of Korea

Exogenous enzymes are used in livestock production systems to increase feed conversion
efficiency. Although responses to the use of exogenous enzymes in non-ruminants are well
documented there are limited studies in ruminants. These studies report variable responses to
use of exogenous enzyme supplementation in ruminants. However, high feed cost and limited
agronomic attempts to improve plant cell wall digestibility have required development enzymes
that help break down complex plant compounds. Mannans are one of the polysaccharides
present in the hemicellulose fraction of plant cell wall. Mannan polymers comprise glucose
residues and are associated with decreases on cellulase activity. [-mannanase is a critical
egnzyme in the degradation of multiple types of mannan polysaccharides. The objective of this
experiment was to ¢valuate the effect of B-mannanase (CTCZYME®) supplementation on milk
yield and composition in lactating dairy cows. Twenty lactating Holstein cows blocked by
parity, selected by previous milk production were randomly assigned 14 days after calving to
two diets: control diet and control supplemented with f-mannanase (CTCZYME®) at 0.1% of
the total of concentrate. The enzyme was offered twice daily with a total mixed ration (TMR).
The TMR included alfalfa (25.5%). corn silage (24.5%), steam-flaked comn (10.6%). soybean
hulls (9.4%). distillers grain (7.6%), soybean meal (8.3%) and rolled barley (6.9%): DM basis.
Cows were milked (0700 h and 1900 h) and fed using Calan gates (American Calan Inc.) (0800 h
and 2000 h) twice per day. Lactating animals were housed for 175 days in a covered free stall
barn with ad libitum access to water and feed. Milk samples were taken once per week starting
at the end of adaptation period (25 = 1.4 d in milk) for 24 weeks. The analyses were carried out
using a linear mixed effect model including cow as a random effect. No effects of enzyme
supplementation were detected on milk components concentrations and vields of milk fat,
protein, lactose, MUN and SNF, feed efficiency, BW, BW change and dry matter intake. Cows
fed the enzyme supplemented diet had higher excretion of MUN (P=0.163) and higher
proportion of MUN in milk (P=0.354). The results indicate that supplementation of dairy cows
with B-mannanase may have improved N utilization and could offer a way to reduce crude
protein concentration in diet without compromising milk yield.

Key words: fibrolytic enzymes, Mannan, dairy cattle.

Abbreviation key: MUN = milk urea N, SNF = solids non-fat, ECM = energy corrected milk
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Immunological and metabolic responses of lactating dairy cows fed diets supplemented
with exogenous -mannanase enzyme (CTCzyme)

B.M. Roquel, G.C Reyesl, JA.D.R.N. Appuhamyl, T.A Tewoldebrhan', J.J. Lee’, S. Seo’,
and E. Kebreab'. Department of Animal Science, University of California, Davis, U.S.A.,
ICTCBio Inc., Seoul, Republic of Korea®, Department of Animal Biosystem Sciences,
Chungnam National University, Daejeon, Republic of Korea.?

Hemicellulose plays an important role in maintaining cell wall structure and accounts for
a quarter of total plant biomass, thus making it a considerable anti-nutritive factor in
livestock diets. Exogenous fibrolytic enzymes have been used to improve feed efficiency
by releasing nutrients bound in complex feed matrices such as hemicellulose. B-mannanase
is an exogenous fibrolytic enzyme that is known to hydrolyze mannan structures found in
hemicellulose matrices. f-mannanase has been suggested to act in three main ways; 1)
reduction of feed viscosity, 2) improvement of energy metabolism, and 3) decreased
immune stimulation. The objective of this study was to determine the effects of -
mannanase supplementation on immunological and metabolic responses in lactating
Holstein dairy cows. Two weeks after calving, twenty Holstein cows (milk yield =43 + 10
kg/d), blocked by parity, were assigned to one of two diets for approximately 182 days. All
cows were housed in the same environment and fed the same basal diet. The basal diet of
the treatment group was supplemented with B-mannanase (CTCzyme) at 0.1% of
concentrate DM. Haptoglobin, Immunoglobulin G (IgG) and somatic cell counts (SCC)
were analyzed as a proxy for immune responses and non-esterified fatty acids (NEFA)
were analyzed to explore metabolic responses. Blood samples were taken weekly and were
analyzed for immune and metabolic markers. Milk samples were collected twice daily and
were analyzed separately for SCC. Cows fed B-mannanase showed tendencies for reduced
Haptoglobin levels (P=0.06), regardless of parity. Specifically, there was as significant
reduction in blood Haptoglobin levels (P=0.01) in supplemented multiparous cows,
compared to control multiparous cows, indicating that B-mannanase was associated with
decreased systemic inflammation. Furthermore, NEFA levels tended to be lower in cows
fed p-mannanase (P=0.08), regardless of parity, suggesting that P-mannanase was
associated with improved energy balance during early to mid-lactation. B-mannanase
supplemented cows, regardless of parity, displayed slight indications of lowered SCC,
numerically, however was not statistically different (P=0.18). There was no differences in
IgG response were recorded between treatment and control cows, regardless of parity.

Keywords: B-mannanase, fibrolytic enzymes, immune response, lactating cows
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Effect of prophylactic oral calcium supplementation on postpartum mineral and metabolic
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ABSTRACT

The effects of prophylactic oral Ca supplementation on blood mineral and metabolic
status, subclinical ketosis, and clinical endometritis prevalence were evaluated on 205
multiparous Jersey cows housed in a commercial dairy. After calving, cows were randomly
assigned to receive no oral Ca supplementation (control; n = 105) or 2 doses of oral Ca each
containing approximately 50 g of Ca (CaOS; n = 100; QuadricalMINI Ca boluses; Bio-Vet,
Barneveld, WI) at 0 and 1 days in milk (DIM). Blood samples for analyses of serum minerals
(Ca, P, Mg, K, Na, Fe, Zn, and Cu) were collected before and 1 h after treatment administration at
0 and 1 DIM and also at 2 DIM. A subset of 74 cows was evaluated for plasma glucose and fatty
acids concentrations at 0 and 1 DIM before treatment administration and at 2 DIM. Urine pH was
measured immediately before, and 1 h after the administration of each oral Ca dose. Blood f3-

hydroxybutyrate (BHB) concentration was evaluated at 5, 8, and 11 DIM. Clinical endometritis
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was assessed once between 21 and 40 DIM. Cows were classified according to their initial
calcemic status (Ca-status) as normocalcemic (NC; Ca >8.5 mg/dL) or subclinically
hypocalcemic (SHC; Ca <8.5 mg/dL). After treatment, serum Ca concentration was higher for
CaOS than control cows (8.53 vs. 8.24 mg/dL). Initial calcemic status had a significant effect on
treatment response; SHC showed a greater increase in Ca levels than NC after oral Ca dose
administration. Oral Ca supplementation reduced the prevalence of SHC (Ca <8.5 mg/dL) 1 h
after treatment administration at 0 DIM (32 vs. 71%) and at 1 DIM (41 vs. 64%) for CaOS and
control cows, respectively. However, at 2 DIM the prevalence of SCH tended to be higher for
CaOS than control cows (70 vs. 44%). Serum Mg concentration was higher for control-SCH
cows. Regardless of Ca-status, serum K concentration was higher in CaOS than control cows
(4.68 vs. 4.53 mEqg/L). Plasma glucose concentration tended to be lower for CaOS than control
cows (53.1 vs. 55.4 mg/dL). Higher plasma fatty acids concentration was observed for CaOS
compared to control cows at 2 DIM (0.43 vs. 0.35 mEq/dL). Urine pH was lower for CaOS than
control cows (6.10 vs. 7.04). No treatment effect was observed on subclinical ketosis or clinical
endometritis prevalence. These results suggest that postpartum Ca levels can be increased with

oral Ca supplementation, but the response to treatment varies with initial calcemic status.

Keywords: oral calcium supplementation, subclinical hypocalcemia, dairy cow.
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Effects of an immunomodulatory feed additive on peripheral blood neutrophil function of transition
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Transition cow typically experience immunosuppression with dysregulated neutrophil functions (e.g.
compromised phagocytosis), which is causally associated with increased risk of infections. To enhance
neutrophil immune competence has significant bearing with wellbeing of transition dairy cattle. In current
study, we investigated the effect of OmniGen-AF® (OG; Phibro Animal Health, Quincy, IL, USA) in
modulation of neutrophil function of transition cows. Forty-eight multiparous cows were stratified by
parity, somatic cell count (SCC) and expected calving date and randomly assigned to 3 treatments that OG
was fed at 0 g/head/day (CON), 60 g/head/day (OG60; recommended value), or 90 g/head/day (OG90, 1.5x
recommended value). The OG was added from 60 d before parturition to 28 DIM, and removed from all
treatment groups during 29-35 DIM. Blood samples were collected (at 0800 h) on d -60, -28, -14, -7, 1, 7,
14, 28, 32, 35 for analysis of PMN phagocytosis and gene expression. A mixed-effects model with repeated
measures and generalized linear model that included the effect of treatment at each sampling point were
used for the data analysis. The results showed that neutrophil phagocytosis of S. aureus and E. coli was
enhanced and tended to be enhanced by OG (P < 0.05 and P = 0.086, respectively) from 28 d before
parturition to 28 DIM. Cows in OG60 had higher neutrophil phagocytosis of S. aureus and E. coli
compared with that of cows in CON group from 28 d before parturition to 28 DIM (P < 0.05). Neutrophil
phagocytosis of S. aureus and E. coli was higher and tended to be higher for OG60 than that of CON on 35
DIM (P < 0.05 and P = 0.094, respectively). The relative gene expressions of IL-8 and L-selectin was up-
regulated and tended to be up-regulated by OG (P < 0.05 and P = 0.095, respectively) from 60 d before
parturition to 28 DIM such that cows in OG60 had higher L-selectin and IL-8 gene expression than that of
CON (P < 0.05 and P < 0.01, respectively). L-selectin gene expression of OG60 was greater than that of
OGI90 (P < 0.05), and the relative expression of IL-8 gene tended to be higher for OG60 compared with
that of CON (P = 0.067) on 35 DIM. In conclusion, feeding OG at 60 g/head/d (recommended value) from
dry-off period was effective in maintaining peripheral blood neutrophil function in transition dairy cows,
and it is not necessary to feed OG beyond the recommended value.

Key words: OmniGen-AF, neutrophil phagocytosis, IL-8, L-selectin
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