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1. Summary of Request

This proposal was constructed by Dr. Travis Whitney (Ph.D., Associate Professor, Texas A&M
AgriLife Research, San Angelo) who has extensively researched (literature reviews and AgriLife
research trials) the chemical characteristics, feeding value, and toxicology of juniper and other feed
ingredients with similar physical and chemical characteristics. Dr. John Walker (Ph.D., Professor
and Resident Director, Texas A&M AgriLife Research, San Angelo) provides oversight to Dr.
Whitney’s research program and has reviewed the final draft of this proposal.

Proposal organization:

A detailed description of the proposed ingredient is given in Section 3 (Fig. 1 and 2; Tables 1
and 2) and the manufacturing process is described in Section 4 (Fig. 3). In summary, Juniperus
pinchotii Sudw. and J. ashei J. Buchholz are evergreen coniferous plants that are feed ingredients in
ruminant animal diets produced by harvesting and processing the entire above-ground biomass or its
parts. Ground juniper is intended to be used as a dietary roughage component in ruminant animal
diets in any stage of animal production; roughage is needed by ruminant animals to maintain
function and efficiency of the reticulo-rumen. As with many other approved feed ingredients (e.g.,
cottonseed hulls (CSH), peanut hulls, corn stalks, and various hay varieties), ground juniper is not
intended to be used as the sole diet of the animal, but mixed with one or more feed ingredients and
fed either loose (non-agglomerated) or in pelleted form.

A summary of relevant literature related to the fiber characteristics and feeding value is
presented in Section 8. Section 8 not only discusses the use of the proposed ingredient in mixed
diets, but the use of non-woody and other woody feed ingredients. These other ingredients are
discussed due to similarities in physical and chemical characteristics to J. pinchotii and J. ashei; this
is especially true for other Juniperus species and ground aspen. Furthermore, “Ground Whole
Aspen and/or Parts” received AAFCO approval in 1980 (AAFCO, 2011). Thus, discussing trials
that used aspen in ruminant diets is important because it sets a precedent for the use of juniper.

A safety assessment (non-ruminant, ruminant, and the animal products consumed by humans) is
presented in Section 9. Like thousands of plant species, juniper is known to contain CT and volatile
oil (Section 9.1). Section 9.2 briefly addresses effects of CT and volatile oil in non-ruminant
animals, even though non-ruminant toxicity of CT and volatile oil is not relevant to ruminant
animals due to numerous factors (e.g., ruminal digestion, regurgitation, re-mastication) that are
discussed in Section 9.3; this is especially true for studies that inject a secondary compound directly
into the bloodstream of the animal. Trials that evaluated consumption of juniper by ruminant
animals when juniper was or was not mixed with other feed ingredients are discussed in Section
9.3. Trials that dosed ruminant animals with juniper or a secondary compound contained within
juniper are not directly applicable to the proposed use of J. pinchotii and J. ashei, but are presented
because some of this literature incorrectly attributes toxicity to juniper secondary compounds (CT
or volatile oil). Trials involving chemically pre-treated plant material are not applicable to the
proposed ingredient; thus, within individual research trials, only diets that contain non-chemically
pre-treated plant material are discussed.

An expert opinion letter and Dr. Whitney’s vitae are attached as Appendices A and B,
respectively. Appendices C to G contain additional summary tables and detailed reviews of
various research trials; some of which are discussed within the main proposal. Copies of all cited
literature (except complete books that were referenced as further sources of information) are located
on the enclosed CD; other relevant information or specific literature can be made available upon
request.



In Vitro Nutrient/Fiber Characteristics (specific data and references are discussed in Section 8).

Ground juniper is a fibrous feed ingredient (generally defined by neutral detergent fiber [NDF],
acid detergent fiber [ADF], and lignin). However, aspen (e.g., Fig. 5) and numerous approved non-
woody feed ingredients (e.g., CSH, peanut hulls, corn stalks, and various hay varieties; e.g., Fig. 4)
contain similar, to greater concentrations of fiber than ground juniper and are safe for ruminant
animals. In addition, even though the proposed ingredient is not a protein source, CP in mature
juniper trees have been reported to be similar (3.4 to 3.6% CP; Stewart et al., 2014) to other
roughage ingredients such as CSH, peanut hulls, and corn stover containing (2.6 to 6.7% CP).
Furthermore, immature juniper trees (< 3 m in height) have less fiber and greater protein (Stewart et
al., 2014) than mature juniper trees.

Ground wood from various Populus tree species (e.g. quaking aspen) was thoroughly evaluated
during the 1970’s by researchers from various institutions, e.g. Penn State, University of WI (Dairy
Sci. Dept.; Madison, WI), Forest Products Lab (Madison, WI), SD State University (Brookings),
and the University of Alberta. These research efforts led to ground aspen being officially approved
by Association of American Feed Control Officials (AAFCO, 2011); “Ground Whole Aspen
and/or Parts” received approval in 1980 and is currently the only woody plant that has an AAFCO
definition. Thus, even though nutrient characteristics of ground juniper is similar to many non-
woody feed ingredients, ground aspen is discussed in detail within this proposal because as
previously stated, it sets a precedent for the approval of “Ground Juniper and/or Parts.”

When comparing the nutrient and fiber characteristics of mature ground aspen trees to mature
ground juniper trees, most reports suggest that juniper is a more “nutritious” feed ingredient. As
highlighted within this proposal, mature ground aspen trees have been reported to contain greater
concentrations of NDF and ADF, similar lignin, and less CP than ground mature juniper trees (Fig.
5 and Table 3).

Literature summarized within this proposal supports the conclusion that the nutrient and
fiber characteristics of ground juniper do not pose any extraordinary animal health
issues, especially when compared to numerous other roughage feed ingredients that are
currently approved for ruminant animals.

Feeding Value (specific data and references are discussed in Section 8).

Even though in vitro nutrient characteristics of a feed ingredient is important, an evaluation of
the feeding value is even more important because it encompasses the effects of using the ingredient
on dry matter intake (DMI), digestibility, and growth performance of the animal. Data presented
and summarized in this proposal supports the fact that the feeding value of ground juniper is similar
to greater than non-woody ingredients such as CSH and various hay varieties. For example, juniper
material safely replaced oat hay in lamb feedlot diets (Whitney et al., 2014) and was safely used at
up to 54% (DM basis) of a supplement fed to pregnant ewes (Stewart et al., unpublished data).
Furthermore, juniper leaves are as digestible as alfalfa hay (67%; Whitney and Muir, 2010).
Immature and mature juniper trees have been reported to be up to 50% and 30% digested,
respectively (in vitro; Stewart et al., 2014); in comparison (using the same in vitro procedures),
CSH and oat hay have been reported to be 21% (Whitney and Muir, 2010) and 57% (Whitney et al.,
2014) digested, respectively.

The safety assessment is further reinforced by numerous research trials dating back to the early
1900’s, all of which reported that processed woody plant products (whole trees, limbs/leaves,
sawdust) can safely be used in diets fed to ruminant animals; many of these trials are discussed in
detail within this proposal. For example, steers fed a diet consisting of 45% ground aspen “gained



weight about twice as fast as the alfalfa-fed group” (Unknown, 1975). Satter et al. (1970)
concluded that aspen sawdust (at 32% of the diet) was effective as a partial roughage substitute in
mixed diets fed to lactating cows; this research was reinforced by trials conducted by Schingoethe et
al. (1981). Satter et al. (1973) reported that 30% aspen sawdust did not negatively affect DMI or
milk parameters in dairy cattle and they concluded that it was “as effective as 50% long hay to
maintain normal luminal [ruminal] acetate-to-propionate ratios.” Furthermore, ground aspen bark is
currently being safely fed to cattle and sold commercially by 3XM Grinding and Composting
(Olathe, CO; www.3xmgrinding.com/aboutus; Lohmeyer, 2013). Ground aspen wood is also currently
being sold in mixed feeds (Land O’Lakes Purina Feed®, e.g., Mazuri Browser Breeder;
www.mazuri.com/mazuribrowserbreeder-5653.aspx).

Other ground woody plants (e.g., mesquite, oak, pine) are not currently approved by AAFCO or
FDA, but are discussed within the proposal because they have been safely used in ruminant animal
diets (e.g., Marion et al., 1957; Marion et al., 1959; Ellis, 1969; Cody et al., 1972; Dinius and
Williams, 1975; Parker, 1982). For example, Marion et al. (1957, 1959) safely fed steers a growing
diet that contained up to 52% ground mesquite wood and Ellis (1969) fed up to 88% ground
mesquite in cow diets. Also, oak sawdust is “essentially non-digestible (Dinius and Baumgardt,
1970) and the DM digestibility of ground aspen has been reported to be between 0% to 41%; the
lowest DM digestibility for mature ground juniper trees has been 30% (Stewart et al., 2014). Thus,
in many of these studies, the feeding value of ground juniper would have potentially been even
greater than ground aspen and other woody plants.

Literature summarized within this proposal, supports the conclusion that the feeding
value of ground juniper is similar, to greater than numerous other roughage ingredients
(non-woody and woody) currently approved for ruminant animals.

Safety Assessment: (specific data and references are discussed in Section 9).

Like thousands of plant species, juniper is known to contain condensed tannins [CT] and
volatile oil (plant secondary compounds; Section 9.1). Depending on numerous factors (e.g.,
chemical structure, concentrations, total intake), CT and volatile oil can have beneficial or adverse
effects on the animal (reviewed by Piluzza et al., 2013 and others that are discussed in this
proposal). Furthermore, concentrations of CT and volatile oil in juniper material are similar to (at
times much less) concentrations in approved feed ingredients, e.g., various algae products, sorghum
grain, CSH, lespedeza hay, ground aspen wood, and pose no extraordinary risks to animal health.
For example, Chafton (2006) fed lambs Sericea lespedeza hay (10.7% CT, DM basis) resulting in
128 g of CT intake/day (3.74 g CT intake/kg of BW, DM basis) with no reported health problems
(visual assessment or negative ADG). Average daily DMI and ADG increased when kid goats were
fed a diet containing 75% Sericea lespedeza (6.5% CT, DM basis) vs. 75% bermudagrass hay,
resulting in 62 g CT intake/day (3.28 g CT intake/kg of BW; Moore et al., 2008). Most literature
reports that juniper contains 5 to 8% CT (DM basis). If juniper contains 5% CT, then a 40-kg goat
would have to consume approximately 2,992 g of juniper/d to consume 3.74 g CT/kg of BW [see
above for Serecia lespedeza hay intake]), which equals juniper being consumed at 7.46% of BW,
which is impossible.

Section 9.3 discusses the safety assessment (for ruminant animals) of the secondary compounds
within ground juniper. This section also addresses literature that contradicts the opinion that
volatile oil contained within juniper are “toxic” to ruminant animals. Studying this conflicting
literature in detail, along with a thorough review of other related literature, has revealed that there is
not a single documented case, in a properly designed trial, in which consumption of J. pinchotii or
J. ashei material negatively affected ruminant animal health. This conclusion is supported by
published trials and currently unpublished data from Dr. Whitney’s Research Program.



It should also be noted that the following are generally recognized as safe (GRAS) by FDA
and/or listed as an official AAFCO feed ingredient definition. They are either contained within the
proposed feed ingredient or contain one or more of the same chemical constituents as the proposed
feed ingredient (FDA: 21CFR582 Subchapter E):

a. Section 8582.10 Spices and other natural seasonings and flavorings, e.g., basil,
clover, ginger, oregano, sage contain volatile oil [p. 465 in AAFCO, 2011].

b. Section §8582.2 Essential oils, oleoresins (solvent-free), and natural extractives
(including distillates), e.g., cascarilla bark, cassia bark, hickory bark, citrus and
orange peels, basil, hickory bark, juniper berries, sage, tea, coffee [p. 466 in
AAFCO, 2011].

c. Section 8582.30 Natural substances used in conjunction with spices and other
natural seasonings and flavorings, e.g., brown and red algae [p. 468 in AAFCO,
2011].

d. Section 8582.40 Natural extractives used in conjunction with spices, seasonings,
and flavorings, e.g., brown and red algae [p. 468 in AAFCO, 2011];

e. Section 8582.60 Synthetic flavoring substances and adjuvants, e.g., limonene [p.
468 in AAFCO, 2011].

f. Section 8582.6033 Subpart G — Sequestrants, e.g., citric acid [p. 465 in AAFCO,
2011].

It is concluded at this time, that consumption of ground juniper (thus, CT and volatile oil
contained within juniper) does not pose any extraordinary risks to animal health. This
conclusion is based upon the following:

1. A thorough review of the literature. For example, Estell et al. (1998) stated, “Monoterpenes
are typically toxic to insects but safe for consumption by mammals (Rice and Coats, 1994).
Because many terpenes are classified as “Generally Recognized as Safe” and are natural
plant products that are abundant and easily synthesized (Rice and Coats, 1994), they are
potential candidates for use in manipulating feeding patterns of browsing herbivores.”;

2. Personal experiences with feeding diets containing ground juniper to ruminant animals. No
negative animal health issues (visual appraisal) related to feeding ground juniper material in
mixed diets have been observed by Dr. Whitney in any Texas A&M AgriL.ife research trials.
Average daily DMI and ADG has at times, been less when animals consumed diets with
juniper vs. without juniper. However, (1) reduced animal growth performance has been
mainly attributed to fiber characteristics of ground juniper and not a result of post-ingestive
adverse health effects due to CT or volatile oil and (2) ADG has never been negative
(animals have always remained in a positive energy balance);

3. Numerous approved feed ingredients contain equal to greater concentrations of CT (e.g.,
“60.44 Ground Whole Aspen and/or Parts”) or volatile oil than what has been reported in the
proposed ingredient and have similar physical and feeding characteristics (particularly:
“60.44 Ground Whole Aspen and/or Parts,” CSH, and various varieties of straw);

4. The ALD of various terpenes for non-ruminants are reported to be much greater than what
an animal would actually consume on a g/kg of BW basis; this is especially true when
comparing ALD in non-ruminants with ruminants, because of rumen microbial terpene
digestibility and terpenes being further volatilized as ruminants regurgitate, remasticate, and
re-swallow feed;



5. Condensed tannins are poorly (or not at all) absorbed in chickens (Jimenez-Ramsey et al.,
1994) and sheep (Terrill et al., 1994) and thus, the biological activity of CT is reduced or
eliminated,;

6. The proposed ingredient could actually be considered safer than many approved feed
ingredients because it is does contain common secondary compounds that pose significant
animal health issues such as gossypol (e.g. cottonseed products), coumarin (e.g. sweat
clover), saponins (e.g. alfalfa), and nitrates (e.g. oat hay, alfalfa, sudangrass, sweetclover).

Safety Assessment: Humans (specific data and references are discussed in Section 9.4).

A thorough review of the literature revealed that maximum probable consumption of meat or
milk products from animals that have consumed diets containing ground juniper (details presented
in Sect. 9.4) does not pose any known or extraordinary risk to the human consumer of those
products. This conclusion is based upon the following:

1. Condensed tannins are poorly (or not at all) absorbed in chickens (Jimenez-Ramsey et al.,
1994) or sheep (Terrill et al., 1994) and as discussed in a review by Manach et al. (2005),
polymeric CT are not absorbed through the human Gl tract; thus it would be expected that
accumulation in the muscle be “minuscule.”;

2. Volatile oil consumed by the ruminant animal is digested to various extents, eructated, bio-
transformed, and excreted before they can be deposited into edible animal products (e.g.,
Welch and Pederson, 1981; Cluff et al., 1982; White et al., 1982; Chizzola et al., 2004;
Broudiscou, et al., 2007; Malecky et al., 2009; Malecky and Broudiscou, 2009). Serrano et al.
(2007) stated, “The daily [volatile oil] dose administered ... did not result in a drastic
enrichment [of terpenes] in their [calves] tissues...”;

3. There is no evidence that ground juniper material (or its secondary compounds) is
carcinogenic or mutagenic in humans. The International Agency for Research on Cancer lists
CT as a Group 3 carcinogen, which is “not classifiable as to its carcinogenicity to humans”
and “evidence for carcinogenicity is inadequate in humans and inadequate or limited in
experimental animals.” Further, Manach et al. (2005) published a thorough review on the
bioavailability of CT, which supports the fact that consumption of products from animals that
have consumed diets with CT poses no known health risk to humans;

4. Humans commonly consume products that are derived from animals that have consumed
growing forages and various approved feed ingredients that contain equal to greater
concentrations of CT and volatile oil than what has been reported in ground juniper;

5. Human’s commonly consume volatile oil constituents (e.g., terpenes) and CT on a daily basis
in a wide variety of non-animal food products that are considered safe by FDA, e.g. orange,
lemon, mandarin, lime, grapefruit, and wine (Bernhard and Marr, 1960; Williams and Elliot,
1997; Bagchi et al., 2000; Mateo and Jiménez, 2000; Sanchez-Moreno et al., 2003; USDA,
2004);

6. The following food additives are permitted by the FDA for “direct addition to food for human
consumption” and are either contained within the proposed feed ingredient or contain 1 or
more of the same chemical constituents as the proposed feed ingredient (in 21CFR172):

a. Section 8172.210 Coatings on fresh citrus fruit, e.g., wood rosin (CT and volatile oil).

b. Section §172.510 Natural flavoring substances and natural substances using in
conjunction with flavors, e.g., althea root (CT), blackberry bark (CT), white cedar (volatile
oil), balsam fir (CT and volatile oil), camphor tree, white oak chips (CT and volatile oil).



C. Section 8172.515 Synthetic flavoring substances and adjuvants, e.g., borneol, bornyl
acetate, camphene, camphor, cedarwood oil terpenes, citronellol, alpha pinene, alpha
terpinene, terpinolene.

7. The following are “substances generally recognized as safe” (GRAS) for human consumption
and are either contained within the proposed feed ingredient or contain one or more of the
same chemical constituents as the proposed feed ingredient (in 21CFR182):

a. Section 8182.10 Spices and other natural seasonings and flavorings, e.g., basil, clover,
ginger, oregano, sage.

b. Section §182.2 Essential oils, oleoresins (solvent-free), and natural extractives
(including distillates), e.g., cascarilla bark, cassia bark, hickory bark, citrus orange products
such as peels, basil, hickory bark, juniper berries, sage, tea, coffee.

c. Section 8182.60 Synthetic flavoring substances and adjuvants, e.g., limonene.

d. Section 8182.1033 Subpart B — General purpose food additive, e.g., citric acid.

8. Even though this proposal is not claiming that ground juniper can be used in ruminant diets to
increase human health, it should also be noted that numerous studies and reviews have
reported that volatile oil (e.g., terpenes) and CT are either beneficial or have potential to be
beneficial to human health (e.g., Dillard and German, 2000; Parr and Bowell, 2000; Mittal, et
al., 2003; Crozier et al., 2006; Humphrey and Beale, 2006; Lans et al., 2007; Bhalla et al.,
2013). Volatile oils have also been reported to enhance shelf life of meat products by
reducing aerobic bacteria counts (Viuda-Martos et al., 2010; Hyldgaard et al., 2012).

Proposal Conclusion:

It should be noted that FDA defines “safe” as (Title 21CFR170.3i):
“Safe or safety means that there is a reasonable certainty in the minds of
competent scientists that the substance is not harmful under the intended
conditions of use. It is impossible in the present state of scientific knowledge to
establish with complete certainty the absolute harmlessness of the use of any
substance. Safety may be determined by scientific procedures or by general
recognition of safety.”

After a comprehensive review, there is reasonable certainty that ground juniper (Juniperus
pinchotii and J. ashei) is “safe” for ruminant animals and safe for humans who consume the animal
products. However, as with any feed ingredient (especially high-fiber roughages), care should be
taken to ensure that total daily nutrient intake is, at the least, meeting basic maintenance
requirements of the animal.

The expectation is that AAFCO and FDA will concur that the information presented within this
proposal fully supports the claim that ground juniper (Juniperus pinchotii and J. ashei) is safe for
use as a feed ingredient in ruminant animal diets; thus, published as an official AAFCO feed
ingredient definition. If a final conclusion is reached by AAFCO or FDA in which ground juniper
IS not recognized as being safe for ruminant animals, either due to fiber characteristics or secondary
compounds (volatile oil or CT), then thousands of other feed ingredients (from rangeland plants to
harvested forages and feeds) with similar chemical and physical characteristics would have to be
needlessly re-evaluated, re-classified, and re-submitted through the FDA Food Additive Petition
process.
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2. Proposed Definition

Ground Juniper and/or Parts is to be used as a dietary roughage component for ruminant animals
and should not be used as the sole diet of the animal. It consists of the aerial portion of juniper
(Juniperus pinchotii and Juniperus ashei) plants. This ingredient consists of the entire plant or any
combination of its parts (leaves, berries, branches, bark, and trunk). Any part below ground level is
excluded to avoid dirt and rock contamination. The ingredient should be ground through a screen
with holes not greater than 5/8” (1.59 cm) in diameter. If ash > 12%, the words “sand and/or dirt”
must appear in the product name. If the ground juniper is mechanically dried, it should be labeled
as “Dehydrated Ground Redberry/Blueberry Juniper.

Suggested IFN categories:
a. Ground redberry/blueberry juniper
b. Ground redberry/blueberry juniper, dehydrated

Please note:

A maximum inclusion level is not proposed for ground redberry/blueberry juniper because:

(1) Maximum inclusion level for any ingredient is based upon dietary requirements of the animal,
known chemical composition of that ingredient, and either the known or calculated chemical
composition of the daily diet;

(2) Many roughage ingredients (e.g., aspen wood, corn stalks, various varieties of low-quality hay
and seed hulls) currently being fed to ruminant animals can also reduce average daily DMI and
growth performance, and even though they have no maximum inclusion level in their AFFCO
or GRAS definition, they too are not recommended to be the sole diet of the animal,

(3) Many approved ingredients currently being fed to ruminant animals contain similar, to greater
concentrations of volatile oil and/or CT as ground juniper, but do not have, nor warrant, a
maximum inclusion level in their approved definition.
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3. Description of Ingredient

Physical descriptions of Juniperus pinchotii Sudw. (common names: redberry and Pinchot
juniper) and J. ashei Buchholz. (common names: ashe, cedar, mountain cedar, post cedar, Ozark
white cedar, Mexican juniper) are depicted in Figures 1 and 2, respectively. Within this proposal,
J. pinchatii is referred to as “redberry juniper” and J. ashei is referred to as “blueberry juniper.”
Both species are from the Family Cupressaceae and Genus Juniperus and are dioecious evergreen
plants. Kingdom (Plantae); Subkingdom (Tracheobionta; vascular plants); Superdivision
(Spermatophyta; seed plants); Division (Confierophyta; conifers); Class (Pinopsida); Order
(Pinales); Family (Cupressaceae; cypress family); Genus (Juniperus).

Redberry juniper has red to copper-brown colored berries and leaves that excrete a white
exudate and generally have multiple basal stems at ground level. Blueberry juniper has blue berries
and leaves that do not excrete the white exudate and generally have multiple stems arising from a
single basal truck.

Figure 1. Visual identification of redberry juniper
(http://essmextension.tamu.edu/plants/plant/redberry-juniper-pinchot-juniper)

Figure 2.

Visual identification of blueberry juniper
(http://essmextension.tamu.edu/plants/plant/ashe-juniper-
blueberry-juniper)

12



The ground juniper ingredient is produced by processing the aerial portion of the tree. This
material consists of the entire tree or any combination of its parts (leaves, branches, bark, and
trunk). Juniper can be fed fresh (approximately 50 to 75% DM) or naturally or mechanically dried.
If this ingredient is mechanically dried, then “dehydrated” should be included in the name.
Processed material can be subjected to steam, pressure, or both, but at no time (before, during, or
after the manufacturing process) is it chemically treated (e.g., sulfuric acid).

Chemical composition and DM digestibility of juniper trees (and its various parts) from
published literature and unpublished data (from Dr. Whitney’s TX A&M AgriLife Nutrition
laboratory) are reported in Tables 1 and 2, and a summary of these tables is presented below for
convenience. Neutral detergent fiber (NDF; mainly hemicellulose + cellulose + lignin), acid
detergent fiber (ADF; mainly lignin + cellulose), and lignin are used to describe fiber content and
assist in defining feeding value. To an extent, NDF is related to gut fill and ADF is related to
digestibility. Hemicellulose and cellulose are digested to various extents by rumen microbes, but
lignin is highly indigestible.

Entire juniper tree: harvested, processed, and allowed to air-dry for approximately 3 d (Stewart et
al., 2014); reported as percentage of DM.

a. DM (freshly harvested trees), % = 65 to 69
b. CP,% = 34to4.7

c. NDIN,% = 13tol.6

d. NDF, % = 50to 67

e. ADF, % = 41to56

f.  Ash, % = 43t059

g. Lignin,% = 21t030

h. Ca % = 1.25t01.95
i. P, % = 0.03t00.05
J. Mg, % = 0.04t00.12
k. K, % = 0.16t00.31
. Na % = <0.01t00.02
m. S, % = 0.05t00.07
n. Fe,mg/kg = 102to 195
0. Zn,mgkg = 4.7to13

p. Cu,mg/kg = 1to?2

g Mn,mg/kg = 13.4t023.9
r.. Mo,mglkg = <1t00.5

s. Ti,mgkg = <125

t. Co,mglkg = <05

u  Cd,mglkg = <0.3

v. Cr,mglkg = <1

w. B,mg/kg = 7.7t095
X. Ba,mg/kg = 16.3t034.8
y. As,mglkg = <25

z. Sb,mglkg = <5

aa. Al,mg/kg = 120to 146
bb. Pb,mg/kg = <25

cc. Hg,mgkg = <10

dd. Se,mg/kg = <10

ee. tIVDMD, %= 30to 50
13



ff.

9.
hh.

CT, %
Volatile oil, %
Labdane, %

e isocupressic acid (ICA) , %

e imbricatoloic acid, %
e dihydroagathic acid, %
e agathic acid, %

471084
0.3t00.6
<0.14
<0.05
<0.02
<0.06
<0.11

Juniper tree parts: juniper leaves and stems < 3.6 cm diameter; mechanically dried at 28°C for 4 h

NS XS<ECYSQDTOSI— AT TQ OO0 o

(Whitney et al., 2014 ) or at 55°C for 96 h (Whitney et al., 2010); reported as
percentage of DM.

DM (fresh material), % = 66
DM (mechanically dried for 4 h), % = 94

CP, %
NDF, %
ADF, %
Crude fat
Ash, %
Lignin, %
Ca, %

P, %

Mg, %

K, %

Na, %

S, %

Fe, mg/kg
Zn, mg/kg
Cu, mg/kg
Mn, mg/kg
Mo, mg/kg
Ti, mg/kg
Co, mg/kg
Cd, mg/kg
Cr, mg/kg
B, mg/kg
Ba, mg/kg
As, mg/kg
Sh, mg/kg
Al, mg/kg
Pb, mg/kg
Hg, mg/kg
Se, mg/kg
tIVDMD, % =

6.6t07.6
39to 44

37 to 42

7

3.2t05.5
17.6
1.1t01.8
0.06 to 0.07
0.12t0 0.2
0.41t00.43
<0.01

0.09

164 to 253
11.5t0 14.4
2.31t02.5
19.6 to 20.3
<1

<125
<05

<0.3

<1
12.2t012.8
31to 61
<25

<5

196 to 280
<25

<10

<10

55

CT (mechanically dried), %
CT (fresh material), %
Volatile oil (mechanically dried), %

Volatile oil (fresh material), %

5.6t06
7.3
0.43t02.5
3.7t04.6
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Juniper wood: fresh (not dried) with no leaves. Reported as percentage of DM.

b. Volatile oil, % =0.21t0 4.9

Juniper tree leaves. Air-dried for 14 to 30 d or collected fresh and immediately frozen. Reported
as percentage of DM.

a. DM (fresh material), % = 46 to 56

b. DM (air-dried for ~ 25 d), % =94.5

c. CP,% = 6to9

d. NDF, % = 34t040

e. ADF, % = 24t031

f. Crude fat = 87

g. Ash, % = 4106

h. Ca, % = 1.46

i. P,% = 0.07t00.17

. Mg, % = 0.15

k. K, % = 049

. S, % = 0.07

m. Fe, mg/kg = 602

n. Zn, mg/kg = 15

0. Cu, mg/kg = 2

p. tiVDMD,% = 57to72

g. CT (airdried), % =55

r. CT (fresh material), % = 9t0 10
s. Volatile oil (air dried), % = 05t02.2
t. Volatile oil (fresh material), % = 09to2.2



Mature Trees’ Immature Trees? Small Stems/Leaves Leaves Only

Item® RED BLUE RED BLUE Dry* Fresh® RED Dry®  RED Fresh’ BLUE Fresh’
DM, fresh material, % 69.1° 65.4° 68.1° 64.9°7 66.1" 46 10 56/ 52¢
DM, dried material, % 93.5" 93.8" 94.5°
CP, % 3.6° 3.4° 4.7 4.1° 7.6 6.6" 7.2 7.1° 74%6t09 6.5%; 6.5°
NDF, % 66.9° 67.4° 50.1° 54.42 39.9% 39.3" 438" 37.8° 40° 34.3¢
ADF, % 56.2 55.5% 40.7° 44.2° 36.7" 38.3" 42.2" 31.2° 28.2° 248
NDIN, % 1.4 1.3 1.5° 1.6%
ADICP, % 1.5
ADICP/CP, % 26.3"
Crude fat, % 7.0f 8.7°
Lignin, % 252 29.8° 21.1° 29.4? 17.6°
tIVDMD, % 30° 30° 49.7° 43.6° 55 67° 65°%; 57 to 66/ 71.6°
Minerals

Ash, % 4.3 4.7° 5.7% 5.9% 55" 3.2" 35" 5.3° 4106

Ca, % 1.49° 1.57° 1.78° 1.95% 1.6 1.46°

Ca, % 1.25° 157 1.69° 1.89% 1.1t01.8" _

P, % 0.04? 0.04? 0.05° 0.05% 0.06' 0.07° 0.09 t0 0.17 0.08°

P, % 0.03? 0.03? 0.04? 0.04% 0.07'

Mg, % 0.08° 0.05° 0.12° 0.08 0.15°

Mg, % 0.07° 0.04? 0.11° 0.07? 0.12t0 0.2

K, % 0.23° 0.25° 0.31° 0.3 0.49°

K, % 0.16% 0.19° 0.26° 0.23 0.41 t0 0.43

Na, % 0.02% 0.02? 0.02° 0.02% 0.02°

Na, % <0.005° <0.005°  <0.005* <0.005  <0.01f

S, % 0.05° 0.05° 0.07° 0.07 0.09'

Fe, ppm 195% 1022 163° 145 602°

Fe, ppm 118* 1142 129* 0g? 164 to 253

Zn, ppm 9 118 13° 10° 15°

Zn, ppm 4.7° 4.8 9.7 6.9° 11.5t0 14.47

Cu, ppm 2 1° 2 2 2°

Cu, ppm 1.9 2 1.9% 28 2.3t02.5'

Mn, ppm 16° 13? 21° 222 28°

Mn, ppm 13.3° 13.1% 18.9° 23.9° 19.6 to 20.3

Mo, ppm 0.5° <0.1° 0.5% <0.1° <1’

Mo, ppm <1? <1? <1? <1? <1

Ti, ppm <125% <125% <125*  <125% <125

Co, ppm <0.5% <0.5% <0.5% < 0.5 <05

Cd, ppm <0.3 <0.3 <0.3 <0.3 <0.3f

Cr, ppm <1? <1? <1? <1? <1f

B, ppm 7.8 7.7 9.5% 9.4 12.2t012.8

Ba, ppm 16.7° 16.3° 34.8° 18.6° 31to 61’

As, ppm <25 <25 <25 <25 <25
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Sb, ppm <5 <5? <5 <5 <5

Al, ppm 129° 135° 146° 120° 196 to 280"
Pb, ppm <25 <25 <25 <25 <25
Hg, ppm <10° <10 <10° <10° <10’
Se, ppm <10° <10° <10 <10° <10f

'Source of data: * = Stewart et al. (2014); ® = Whitney and Muir (2010); ¢ = NRC (2007); ® = Adams et al. (2013a); ¢ = Adams et al. (2013b); |
= Whitney et al. (2014); " = Whitney et al. (2010); ' = T. R. Whitney (unpublished data); ! = Huston (1981).

Mature trees were > 3 m in height; Immature trees were 0.5 to 1.8 m in height.

DM of fresh material= dry matter content of material not air or mechanically dried; DM of dried material= dry matter material after being air
or mechanically dried; NDIN = neutral detergent insoluble nitrogen; ADICP = acid detergent insoluble crude protein (CP); NDF = neutral
detergent fiber; ADF = acid detergent fiber; tIVDMD = 48-h true in vitro dry matter digestibility.

“Dry = redberry juniper leaves and stems (< 3.6 cm diameter) chipped, dried at 28°C for 4 h (Whitney et al., 2014) or dried at 55°C for 96 h
(Whitney et al., 2010).

°Fresh = redberry juniper leaves and stems (< 3.6 cm diameter) chipped fresh, frozen, and chopped (Whitney et al., 2010).

®Red Dry = leaves collected from air-dried redberry juniper branches (Whitney and Muir, 2010).

"Red fresh and Blue fresh = leaves collected from live redberry or blueberry juniper branches, respectively.
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Table 2. Secondary compound composition (% DM basis) of redberry (RED) and blueberry (BLUE) juniper trees and parts’

Mature Trees” Immature Trees” Redberry Parts Wood Only, Fresh Leaves
Item® RED BLUE RED BLUE Dry’ Fresh® RED BLUE RED Dry®*  RED Fresh’ BLUE Fresh®
CT, % of DM
Extractable CT 3.1° 2.7° 5.5 42 3.6"; 3.35" 6.1° 4.12° 6.84° 6.3
Protein-bound CT  1.13 2.2 1.6 2.7% 1.9% 177" 1.1° 0.96° 3.4° 2.54°
Fiber-bound CT  0.59° 0.82° 1.2° 1.3% 0.5% 0.54 0.1° 0.38° 0° 0.21°
Total CT 4.7 5.7% 8.4 8 6" 5.66 7.3 5.46° 10.24° 9.06"
g f 21810
2.5% 043; 0.52; 0.94101.08%15%  3.46% 1.5}
Total oil, % of DM 0.46° 0.4 0.6 0.3 0.99 3.7% 4.6 0.214 4% 4.9 2.251.1° 1.96°% 1.83" 2.15'
Volatile oil,
mg oil/g DM
Tricyclene 0.219 0.19% 0.229 0% 0.1° 0.03%; 0.39" 0.76% 0.27"
a-Thujene 0.41° 0.8% 0.849 0.06% 0.3° 0.08°
0.32% 0.74°%
a -Pinene 0.5° 0.96% 0.84° 0.08%0.36°  0.11% 1.04%; 0.49" 0.57"
0.69% 1.38°;
Camphene 0.24° 0.28% 0.27° 0.03%0.12°  0.05%; 0.48% 0.34' 0.35'
Sabinene 6.6 8.74% 9.84° 0.69%3.89°  2.27% 3.39' t; 5.44'
0.42% 0.68°;
Myrcene 1.09 1.61% 1.9° 0.09% 0.53°  0.29% 1.78% 0.9" 0.84'
3-Carene 0.07° 1.44% 0.17° 0.00%0.1°  0.01° 0.1¢
a -Terpinene 0.67° 1.429; 2.149 0.16%0.56°  0.18° t¢
1.84% 2.56%;
Limonene 1.61° 2.15% 2.74° 0.2150.92°  0.3%2.4% 2.19" 2.44'
y-Terpinene 1.1° 2.25% 3.12° 0.23%0.9°  0.3%0.79" 0.14% 0.87"
cis-Sabinene hydrate 0.179 0.19% 0.3¢ 0.03%0.23°  0.14°
Terpinolene 1.02° 0.94% 1.07° 0.1%0.37° 0.14° 0.13¢
trans-Sabinene hydrate 0.18° 0.15% 0.32° 0.02%0.21°  0.09°
10.07% 6.25;
Camphor 4.68° 5.17% 6.829 2.6% 10.9° 2.3%3.2% 4.93" 5.88"
Camphene hydrate 0.17° 0.16% 0.2° 0.06%0.32°  0.07° 0.24°
Citronellal 0.12° 0.29% 0.21° 0.09° t% 0.67"
Borneol 0.19° 0.02% 0.12° 0.05%0.31°  0.06% 0.19' 0.39% 0.13"
Terpin-4-ol 3.09° 5.9%; 8.66° 0.32%1.04°  0.7% 153 t% 1.43"
Citronello 0.01% 0.15° 0.45% 0.46"
2.74% 2.42°
Bornyl acetate 0.63° 0.82% 0.8¢ 0.15%0.28°  0.16%1.12% 1.49" 1.46"
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Elemol 1.219 1.199% 2.429 0.04% 0.1° 0.55° 0.16¢
Volatile Qil,

% of total oil
0.04% 0.49% 3.47%

Tricyclene 0.82¢ 0.52% 0.47° 0.2° 0.3% 0.4 2.16" 2.9%1.27"
1.21% 1.345;

alpha-Thujene 1.63° 2.18% 1.89 0.8° 1% 0.5%;
1515 1.62% 1.46% 0.6";

alpha-Pinene 1.97Y 2.6% 1.8° 1.0° 15% 2% 5.3% 2,69  4.92% 2.63"
0.64%0.55%  0.4% 0.4°; 2.4% 3.21%2.3";

Camphene 0.949 0.76% 0.5 0.3° 1.874 9.18% 1.65'
13.3% 17.5%

Sabinene 26° 23.89; 21.3¢ 27.1° 27.5% 22°: 18.54' t%: 25.3!
1.80°; 2.39%; 1.87% 0.8";

Myrcene 4.3° 4.4%4.1° 2.9° 2.8% 27 9.1%4.94°  45%3.92"
0.10°% 0.46°%

3-Carene 0.27" 3.9%0.37¢ t° t%: 0.5° 0.64¢
3.11% 2.52%

alpha-Terpinene 4.33° 6.12%6.76 2.5° 2.6%1.3° 1% 1P
4.03% 4.15%  3.1% 3.6"; 8.3t% 4.6

Limonene 6.349 5.85%:5.939 3.3° 12.2511.96' 17%11.3"
4.43% 4.06%

gamma-Terpinene 4.3° 6.1%:6.76" 3.9° 4.1% 2.2 4.3 0.59% 0.3"; 4'
0.67% 1.04%

cis-Sabinene hydrate 0.66° 0.52%:0.65 1.5° 1.6%1.2°
1.92% 1.68%

Terpinolene 1.04 2.56%2.32° 1.4° 1.7% 0.8° 0.59% 0.3
0.40% 0.93%

trans-Sabinene hydrate 0.69° 0.41%0.7° 1.5° 1.8% 1P
50.3% 49.3%, 22.7° 31.4%;16.4%  46.8% 64.9°;

Camphor 18.59 14.1%14.8° 26° 27" 41.2% 27.3"
1.18%1.46%

Camphene hydrate 0.69° 0.44%:0.43° 0.9° 0.9%0.8 1.3%1.7°
0.89% 1.45; 1.72% 2P;

Borneol 0.73¢ 0.05%0.26° 1.9° 1.4% 1.6 1.04" 0.62!
6.27% 4.68°%;

Terpin-4-ol 12.29 16.1%18.8° 7.5° 10.1°% 7.5"; 8.36" t% 0.2° 6.9'
0.27% 0.67%;

Citronellol 1.249 0.93%0.88¢ 4 3.7%3P; 2.54 3.12!
2.94% 1.27% 11.87% 9.2°;

Bornyl acetate 2.5 2.2%1.7° 2.5 3.6% 7.1% 5.7 8.14"  16.1% 6.8"
0.80% 0.475;

Elemol 4.97° 3.29:5.00 3° 2.9% 2.6 0.73¢
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'Source of data: * = Stewart et al. (2014); ¢ = Whitney and Muir (2010); ¢ = Adams et al. (2013a); ¢ = Adams et al. (2013b); " = Whitney et al. (2014):
9 = Whitney et al. (2010); ° = Adams (2010); ? = Adams (2011); ¢ = Adams (1987); "= T. R. Whitney (unpublished data); ° = Riddle et al. (1996); ' =
Owens et al. (1998); " = Whitney et al. (2013).

?Mature trees were > 3 m in height; Immature trees were 0.5 to 1.8 m in height.
*CT = condensed tannins

*Dry = redberry juniper leaves and stems (< 3.6 cm diameter) chipped, dried at 28°C for 4 h (Whitney et al., 2014) or dried at 55°C for 96 h
(Whitney et al., 2010).

*Fresh = redberry juniper leaves and stems (< 3.6 cm diameter) chipped fresh, frozen, and chopped (Whitney et al., 2010). Wood material only; no
leaves (Adams, 1987).

®Red Dry = leaves collected from air-dried redberry juniper branches (Whitney and Muir, 2010); leaves allowed to air dry by storing at 21°C for 2
week (Adams, 2010).

"Red fresh and Blue fresh = leaves collected from live redberry or blueberry juniper branches, respectively.
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4, Manufacturing Process

The aerial portion of the entire tree or its aerial parts is harvested by a variety of methods
(e.g., Fig. 3). The material is then chipped and hammermilled through a screen with holes not

greater than 5/8” (1.59 cm) in diameter. At any processing stage, the juniper material can remain

*as-is” (fresh) or naturally or mechanically dried (dehydrated) and stored according to good

management practices.

chipped material

harvested tree

material chipped

hammermilled material

material hammermilled

juniper material as a dietary roughage component

Figure 3. Manufacturing process. Whole tree or its parts are chipped, hammermilled, mixed with other
feed ingredients and fed either loose (non-agglomerated) or pelleted.
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5. Purpose

The ground juniper ingredient is intended to be used as a dietary roughage component in
ruminant animal diets in any stage of animal production. It is intended to be used to either
substitute or complement traditional roughage sources such as hay and various varieties of seed
hulls in total mixed rations (TMR). Ground juniper is not intended to be used as the sole diet of
the animal, but mixed with other feed (at least 1 other ingredient) and fed either loose (non-
agglomerated) or in pellet form.

6. Use Limitations

The ground juniper ingredient is not intended to be used as the sole diet of the animal or used
in diets for monogastric animals (e.g. hogs and birds) or hind-gut fermenters (e.g., horses,
woodrats). As with any roughage feed ingredient (e.g. CSH, ground stalks, ground aspen), care
should be taken to ensure that total daily nutrient intake is, at the least, meeting the animal’s
basic maintenance requirements.

7. Prior Sanctioned Use and Historical Regulation

There is no prior sanctioned use or historical regulation of ground Juniperus plant species in
ruminant animal diets. However, another woody product, “ground whole aspen and/or parts,”
received AAFCO approval and was adopted as an approved feed ingredient in 1980 (see
definition below); thus, sets a precedent for the proposed ground juniper and/or parts.

AAFCO definition (p. 425, 2011 edition):

“Ground Whole Aspen and/or Parts is generally recognized as a feed
ingredient in cattle diets when used in accordance with good nutritional
practices. Ground whole aspen (Populus tremuloides Michiz and Populus
gradidentata) is composed of the entire tree including leaves, branches,
trunk, and bark. Ground aspen parts may also include leaves, branches,
trunk, and bark. Roots and stumps are excluded to avoid contamination of
dirt and rocks in the product. (Proposed 1979, Adopted, 1980)”

IFN 1-30-183  Aspen quaking/Aspen large toothed aerial part ground
IFN 1-12-241  Aspen aerial part ground
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8. Safety Assessment: Fiber Characteristics and Feeding Value

NOTE: Details of each trial summarized in this section (and other supportive research trials) can be
found in the Appendices.

Fiber Characteristics

Ground juniper is a fibrous feed ingredient, but a thorough literature review reveals that
aspen (Fig. 5; Table 3) and numerous common non-woody roughage feed ingredients currently
exist that are safely fed to ruminant animals, some of which contain similar, to greater
concentrations of NDF, ADF, and/or lignin than ground juniper (Fig. 4; Tables 4 and 5). For
example, mature ground juniper trees have been reported to contain 50 to 67% NDF, 41 to 56%
ADF, and 21 to 30% lignin (DM basis; Table 1). In comparison, on a DM basis, cottonseed
hulls (CSH) have been reported to contain up to 88% NDF, 70% ADF, and 23% lignin; peanut
hulls reported to contain up to 77% NDF, 68% ADF, and 30% lignin; and oat hay reported to
contain up to 63% NDF, 39% ADF, and 6.4% lignin (Table 4).

Mature ground juniper trees have been reported to be 30% to 50% digested (in vitro; Stewart
et al., 2014) and using the same in vitro procedures, CSH and oat hay have been reported to be
21% (Whitney and Muir, 2010) and 57% (Whitney et al., 2014) digested, respectively.
Digestibility of peanut hulls have been reported to be between 16 to 25% (Barton et al., 1974)
and digestibility of oat straw between 40 and 59% (Goto et al., 2000; Kafilzadeh et al., 2012).
Figure 4 compares CP, fiber, and digestibility of redberry and blueberry juniper trees (at mature
or immature stages of growth) to traditional non-woody roughage ingredients and ground aspen.

23



a. Immature juniper trees

100 -
80 - H Redberry
60 - M Blueberry
a0 - CSH
20 - B Peanut Hulls
0 - . . . . . Oat Straw
cp NDF ADF Lignin tIVDMD
b. Mature juniper trees
100 -
H Redberry
80 -
M Blueberry
60 -
40 - CSH
20 - B Peanut Hulls
0~ 1 1 1 1 1 Oat Straw
cp NDF ADF Lignin tIVDMD

Figure 4. Nutritional composition (% of DM) and true 48-h in vitro dry matter digestibility (tlVDMD) of
immature (a) and mature (b) redberry and blueberry juniper, and cottonseed hulls (CSH), peanut
hulls, and oat straw. CP = crude protein; NDF and ADF = neutral and acid detergent fiber
digestibility, respectively.

Ground aspen tree material is the only woody plant feed ingredient officially approved by
Association of American Feed Control Officials (AAFCO, 2011); “Ground Whole Aspen
and/or Parts” received AAFCO approval in 1980. When comparing NDF, ADF, lignin, and CP
concentrations in mature ground aspen trees to mature ground juniper trees, most reports suggest
that ground juniper is a more “nutritious” roughage feed ingredient. Mature ground aspen trees
and sawdust have been reported to contain up to 80% NDF, 67% ADF, 21.1% lignin, and 1.9%
CP (DM beasis; Table 3). Ground aspen wood and sawdust has been reported to be 0% to 41%
digested (DM basis; Table 3). Figure 5 compares key nutrients and digestibility of mature
ground redberry and blueberry juniper trees to ground aspen material.
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Figure 5. Nutritional composition (% of DM) and true 48-h in vitro dry matter digestibility (tI\VDMD)

of mature redberry and blueberry juniper trees, and ground aspen. CP = crude protein; NDF
and ADF = neutral and acid detergent fiber digestibility, respectively.

25



Table 3. Chemical composition (% DM basis) and digestibility of aspen material®

Item? Aspen, Whole Tree Aspen, Leaves® Aspen, Wood* Aspen, Bark® Aspen Sawdust
DM, % 40.8¢ 85% 56.1™ 75 to 85% 93¢

17.2% 7.4% 9.3t0 14.4": 14.4 t0 18; 12.6";

13.4 t0 18.7% 9.4 to 12%13 to 17™; 5.4%,
CP, % 1.2%1.9™ 6.2™; 17.8%: 30% 0517 <3 15% 0.72% < 2"
NDF, % 80™ 37.4 10 43% 25.6™, 39%; 17.9% 64° 79°
ADF, % 65%65™ 25.7 t0 26.6% 21.7™; 26%; 12.4% 51.6° 67.4% 60"
ADICP, g/kg DM 6.2°
Crude fat, % 8.8™; 2.6 1.08” 5 to 10%; 7% 1.1°

26.9 to 38.2% 20%; 8.4";

Lignin, % 21.1% 16.9™ 8.3 10 12.4% 7.9™; 11% 16.3 to 22.4" 29°%; 23° 20.2°% 16 to 22" 20 to 24
tIVDMD, %

Digestibility, other
methods, %

27.8 60 to 65.4% 49™

20 to 23% 335, 31 to 37"

50" 50™; :30"; 26 to 30°; 50°

19.4% 28 to 41™ 33, 35, 37, 40%; 0;
4 to 387

Minerals
Ash, % 3.2% 0.5%; 2.2™ 9% 1.4™ 7.5% 0.8 0.2%; 0.7 to 5" 4.3,45% 0.51% <1to 10" 1°
Ca, % 0.18° 1.09"
P, % 0.003° 0.035"
Mg, % 0.03° 0.06"
K, % 0.06° 0.22Y0.2%
Na, % <0.01° 0.16"
S, % <0.01" <0.01° <0.01"
Fe, ppm 35° 194"
Zn, ppm 19° 68"
Cu, ppm 4.9" 6° 21"
Mn, ppm 10° 36"
Al, ppm 16° 140"
Ba, ppm 19° 85"
Cd, ppm 0.28"
Cr, ppm 0.3° 2
Pb, ppm 1.45"
Hg, ppm <0.05"

ISource of data: *= NRC (2007); ” = Bas et al. (1985), used linear regression to determine digestibility; © = Bender et al. (1970); ¢ = Myung and Kennelly
(1992); ' = Erwin et al. (2001);! = Mansfield et al. (1999); * = DeMartini and Wyman (2011); ' = Millett et al. (1970); ™ = Mellenberger et al. (1971); "= NRC
(1983, p. 77, 78, 229); ° = Gharib et al. (1975) ; P = Baker et al. (1975); 9 = Singh (1978); ¥ = A. J. Baker, Forest Products Lab, Madison, Wis., personal
communication (1978; in NRC, 1983, p. 241); “ = Dickson and Larson, 1976;" = Shaw et al (2009); > = McWilliam et al. (2005); * = Stevens et al (2007); " =
Stevens and Lindroth (2005); ° = Garleb et al. (1988); ® = Xu and Tschirner (2012); " = Mathison et al. (1986); % = Bailey et al. (2007); ™ = Schingoethe, et al
(1981); ™ = Ullrey et al. (1972); ™ = Feist et al. (1970); % = McWilliam (2004); " = Haikio et al. (2009); * = NRC (2003); " = Micko (1987, in Peterson and

Peterson, 1992)

’DM = dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; NDIN = neutral detergent insoluble nitrogen; ADICP =
acid detergent insoluble CP; tIVDMD = 48-hour true in vitro dry matter digestibility; Digestibility = methods other than tIVDMD used to determine digestibility.

Aspen leaves; data is from sun-cured leaves (NRC, 2007), regression (Bas et al., 1985), fresh leaves from growing trees (Erwin et al., 2001), or fresh leaves
from growing trees in the laboratory (Mansfield et al., 1999). Leaves and stems <3 mm in diameter (McWilliam et al., 2005).

*Aspen wood does not include any leaf material.
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Table 4. Chemical composition (% DM basis) and digestibility of traditional ruminant animal feed ingredients®

Item? Cottonseed Hulls Peanut Hulls Oat Hay Oat Straw Corn Stover, Stalks Lespedeza Hay Alfalfa Hay
90%; 95.7%:89.6%; 89.9 91% 89.4% 95 4%
DM, % and 90.6™; 90.4™ 91% 90.5 90% 92.9" 92.1% 87 to 91 80° 92 t0 93.5%; 92™: 90.9™
4%:8.4% 2.410 4.85
5.5% 6.6%;3.9 t0 5.4°%; 3.13%92.1% 1.7 2.6
CP, % 6.7°%4.2™ 7% 8.4 10% 12.6" t0 3.2! 5% 3.7' 11.8 to 13.2"; 13.1" 7™
87% 80%; 84°; 85.4 and 73%77°, 626 to
NDF, % 87.6 and 86.5™; 88.3™  74% 77" 63% 58" 70.8° 70% 70.8" 48.8™
68% 69.5%; 64.5°% 62°;
ADF, % 65.3™ 65% 68.3" 39% 35.3" 48% 44" 43.71053.3°  44%47.1" 38.7™
ADICP, % 0.8"
ADICP/CP, % 6.8"
Crude fat, % 1.9% 0.9% 1 t0 2.8°; 15%1.8" 2.3% 21" 2.3% 2% 145 1.9 1.3 2.8103.2" 3.4™
21.8% 21.3° 20.1™; 19
Lignin, % and 22.9™"; 23 29.9% 31.4® 6.4" 4.9"52109.2° 10.5% 17.2™ 16 to 23", 14"
20.8%; 21 and 26 and
tIVDMD, % 16™ 57.4"
Digestibility, other 58.7" 40 to 54°%; 52%
methods, % 34.3%; 31 15.9 to 25% 4% 54 to 58 51" 43 to 58'™; 45.1"
Minerals
Ash, % 3% 2.8% 3.2%2.9™ 5% 3.6 8% 6" 8,775 7.7 75 7% 4.7 541 7.8
0.15% 0.189% 0.2™™;
Ca, % 0.15™ 0.2 0.4% 0.3" 0.36" 0.24% 0.31f 0.35% 0.28' 1.22™; 1.19™
0.08% 0.19% 0.08™™;
P, % 0.09™ 0.07° 0.27%0.14"% 02"  0.07% 0.1 0.19% 0.1 0.29™™; 0.24™
Mg, % 0.2% 0.2™: 0.14™ 0.12" 2.4%0.05" 0.23 0.37™: 0.27™
K, % 1.1% 1.14% 0.88™ 0.9° 1.6° 1.1% 1.9 1.56™
Na, % 0.02% 0.02™ 0.22° 0.11" 0.07™
S, % 0.05% 0.09% 1™; 0.08™ 0.21%0.2" 0.14° 0.33™; 0.27™
Fe, ppm 587%; 108™; 131™ 137" 0.02" 424™: 155™
Zn, ppm 107 149; 22™ 0.28° 6° 22% 170" 26™
Cu, ppm 5% 4.9™: 13.3™ 6.7" 7.6™;9.9™
Mn, ppm 17% 15.7™ 86.9" 36.4™; 42™
Mo, ppm 0.4% <1™, 0.02™ <1" < 1™ 0,23
Co, ppm <05™ <0.5" <05™
Cd, ppm <0.3™ <0.3" <0.3™
B, ppm 14.6™ 43" 31.3™
Ba, ppm 4m 12.2" 37.6™
As, ppm <25™ <25 <25™
Sb, ppm <5 <5" <gmm
Al, ppm 60.3™" 116" 251.2™
Cr, ppm <1m <1" <1m™
Pb, ppm <2.5™ <25 <25™
Hg, ppm <10™ <10 <10™

ISource of data: * = NRC (2007); ® = Goto et al., 2000; © = Kafilzadeh et al., 2012; ® = Barton et al., 1974; ® = Dowe, 1947; " = Fishwick et al. 1974; 9 =
Whitney and Muir (2010); " = Whitney et al. (2014); " = Vetter (1973, in NRC 1983, p. 234); * = NRC (1983, p. 235: Brown et al. (1977), Hale et al. (1969), and
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Heinemann (1976); " =Anderson (1978, in NRC 1983, p. 236), Rexen (1977, in NRC 1983, p. 236), Horton and Steacy (1979, in NRC 1983, p. 236) “ = Utley and

McCormick (1972 in NRC 1983, p. 236); = Garleb et al. (1988); ™ = Wingren (2005); " = Swanson and Herman (1944); ¥ = Rusoff et al. (1946);" = Hawkins

(1955); ™ = Whitney, T. R. (mid- to late-bloom; unpublished data from TX A&M AgriLife Nutrition Laboratory, San Angelo) ;™ = NRC (2000; alfalfa hay, full

bloom); ® = Van Soest, 1969 (in Van Soest, 1982).

DM = dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; NDIN = neutral detergent insoluble nitrogen; ADICP =

acid detergent insoluble CP; tIVDMD = 48-hour true in vitro dry matter digestibility; Digestibility = methods other than tIVDMD used to determine digestibility.

Table 4, continued. Chemical composition (% DM basis)
and digestibility of traditional ruminant animal feed
ingredients’

Item? Corncobs Barley Straw
DM, % 96.6° 94°
CP, % 3.9 2.6°
NDF, % 91.3° 84.9°
Digestibility, other
methods, % 54.2° 35.4°
Minerals
Ash, %
Ca, % 0.6* 0.5°
P, % 0.2% 0.2%
Mg, % 0.1° 0.2°

Source of data: = Ndlovu and Buchanan-Smith, 1985.
DM = dry matter; CP = crude protein; NDF = neutral detergent fiber;

Digestibility = methods other than 48-hour true in vitro dry matter digestibility.
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Feeding Trials

Note: The most relevant research trials are discussed in this section. Additional information
and more specific details (e.g., specific equations and the data that were used in the
calculations) of these trials, along with other published literature, are located in the
Appendices.

Research trials dating back to the early 1900’s have shown that ground woody products can
successfully be used as a roughage ingredient in livestock diets. Maynard (1920; Cornell Univ.
Experiment Station) published a review related to the use of feed in Germany during wartime. In
this review, the author discusses that “unconsidered or unused” feeds were found to be useful.
Other notable comments include: (1) “According to experiments... cellulose from pine wood
was found digestible in large measure and its use in quantities up to two and a quarter pounds per
horse/d, together with 6 pounds of oats and 3 to 6 pounds of hay was advocated” and (2) “... it
must be noted that the unusual materials employed were resorted to by necessity and not from
any belief that they were superior to, or even as satisfactory as the rations normally used.”

During the 1920’s, the WI Agricultural Experiment Station, USDA Forest Product’s
Laboratory (Madison, WI), USDA experiment station (Beltsville, MD), USDA Bureau of
Animal Industry, and the MA Agricultural Experiment Station (Amherst, MA) began evaluating
the use of raw and pre-treated ground wood material as a feed ingredient (Sherrard and Blanco,
1921; Morrison et al., 1922; Archibald, 1926). These initial trials evaluated various feeding
programs to establish nutritive values for various types of sawdust. Authors evaluated
performance and health of sheep and cattle, and milk production from dairy cattle. Research
using ground wood declined during the 1930s, but the number of studies that evaluated the use of
foliage (leaves and small twigs) increased; this is especially true in the Soviet Union where they
termed the foliage material, “Muka” (NRC, 1983). In addition, between 1920 to 1960, numerous
trials evaluated the use of chemically pre-treated wood as livestock feed (reviewed by Ellis,
1969).

During the 1950’s, interest in utilizing the entire tree as livestock feed was once again raised
after the Texas Agricultural Experiment Station (now TX A&M AgriLife Research) reported that
ground mesquite wood could be successfully used in cattle diets (Marion et al., 1959). Marion et
al. (1957, 1959) reported that calves fed a diet of 52% ground mesquite (mixed with
concentrates) consumed approximately 2.57 kg of mesquite/d (12.6 g/kg of BW) without any
negative health effects. Table 5 shows that the ground mesquite had greater CP and similar total
fiber vs. CSH. During Trial 1, steers were fed a diet with up to 46% mesquite, resulting in a
maximum daily mesquite intake of 4.28 kg (14.6 g/kg of BW); no negative health effects were
observed. During Trial 2, steers were fed a diet with up to 50.6% mesquite, resulting in a
maximum daily mesquite intake of 6.85 kg (17.3 g/kg of BW); no negative health effects. In
conclusion, these authors stated “No ill effects resulted from feeding the ground wood.”

Table 5. Chemical composition (DM basis) of ground mesquite wood and cottonseed hulls

CP, Fat, NFE! Fiber, Ash, P, Carotene,
Feed % % % % % % ppm
Ground mesquite wood 6.3 0.8 37.5 51.5 3.8 0.06 26
Cottonseed hulls 4.5 1.0 52.5 52.5 3 0.03 0

INFE = nitrogen-free extract = 100 — (CP, fat, water, ash, and fiber).

29



During the late 1960’s and throughout the 1970’s and 1980’s, Texas Tech University
(Lubbock) evaluated the use of non-treated and pre-treated ground mesquite trees in steer and
cow diets (Ellis, 1969; Parker, 1982). Ellis (1969) reported in a preliminary trial (no control
group) that ground 6-yr old mesquite trees (with leaves) were processed, mixed with other
ingredients and fed to cows. Maximum consumption of ground mesquite was 7.26 kg/d. Results
suggested that the cows “were not on a high enough nutritional plane to support milk
production.” Authors report negative health in some of the cows, but state that they do not know
if these effects were due to the diet or state that “the death did not appear to be related to the
ration” or “such weight loss is recognized as normal for cows being wintered on the range.”
Authors also report that “data indicate that the ration containing mesquite was reasonably
adequate for maintenance. The sharp weight loss post parturition suggests that the wood was
inadequate as a major component of the ration for suckling cows.”

Additional notes related to Ellis (1969):

» The entire mesquite tree (including leaves) was ground and fed; thus, it should be noted that
mesquite leaves (~ 5% of the daily diet) have been shown to reduce intake and ADG in sheep
(Baptista and Launchbaugh, 2001).

» Assuming that DM of the concentrate mixture, dried mesquite, and molasses was 90%, 94%,
and 75%, respectively, cows initially were fed diets containing approximately 10% mesquite.
Quantity of mesquite was gradually increased until cows were consuming approximately
88% mesquite.

* No adverse effects on animal health were reported. However, because of the small numbers
of cows “in these two trials, no definite conclusion can be drawn as to the feasibility of
maintaining a large herd on mesquite.”

Numerous other trials evaluated the use of other tree species and various sawdust varieties.
For example, Cody et al. (1972) fed calves (2 wk old and older) mixed diets containing 10, 15,
25, 35 and 45% shortleaf southern pine sawdust for up to 20 mo. Certain experimental groups
were observed for performance; other groups were slaughtered after specific feeding periods.
Gross and microscopic pathologic examinations of Gl sections and major visceral organs were
conducted. Results indicated that rations containing saw dust did not physically injure the Gl
lining nor was “any toxic effect apparent.” Twenty-five percent sawdust appeared to be the most
desirable level; higher levels occasionally induced impaction of digesta. In regards to the entire
study, authors’ concluded, “Histological examination revealed no tissue destruction or
penetration of the GI mucosa, at any SD level.”

Additional notes (Cody et al., 1972):

Trial 1:

» There was only 1 animal/treatment, thus data could not be analyzed statistically. Calves were
fed individually from 6 wk to 10 mo of age. As a percentage of total consumption, average
sawdust consumption was approximately 26% (DM basis). “Forty-five % sawdust depressed
intake... Therefore, the percentage of sawdust fed to animal D was reduced to 35%.” No
gross lesions were attributed to the sawdust, but a calf fed a control diet (no sawdust) had a
liver abscess.

* The calf fed 35% sawdust “displayed moderate abdominal distention, although clinical signs
of impaction were not apparent. At slaughter, this animal’s rumen contents were firmer and
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appeared less moist than those from calves not fed sawdust and this animal had an enlarged
omasum, “containing an accumulation of sawdust.”

Trial 2:

» “Consumption of concentrate mixtures containing 15% sawdust was comparable with that of
rations containing no sawdust. No adverse effects of sawdust on health were noted.

Preliminary trials:

The authors used 10 calves (6 wk to 8 mo of age) and 1 mature rumen-fistulated cow. “With
rations containing 25% sawdust, rumen and reticular mucosa appeared to remain normal; that
percentage of sawdust did not induce rumino-reticular or omasal compaction, nor did it obstruct
muscle sphincters. At 35% sawdust, rumen distention was noted; however, anorexia was
observed in only one animal receiving this sawdust level. Postmortem examination revealed
ruminal and omasal impaction in each of four calves receiving 35% sawdust as the only
roughage. Anorexia was attributed to impaction of the pyloric sphincter. When 2.3 kg of baled
bromegrass hay was fed daily to each of six heifers receiving a pelleted concentrate containing
35% sawdust, rumen distention was not apparent nor was health or appetite noticeably impaired.
This ration was fed up to and during gestation. No apparent adverse effect on parturition was
noted.”

ASPEN

Ground wood from various Populus tree species (e.g., quaking aspen) was thoroughly
evaluated during the 1970’s by researchers from various institutions, e.g. Penn State, University
of WI (Dairy Sci. Dept.; Madison, WI1), Forest Products Lab (Madison, WI), SD State University
(Brookings), and the University of Alberta. These research efforts led to the approval of ground
aspen as a feed ingredient by AAFCO in 1980 (AAFCO, 2011). At one time, ground aspen feed
was commercially available from a wood processing mill. Currently, ground aspen bark is being
used and sold commercially (3XM Grinding and Composting, Olathe, CO;
www.3xmgrinding.com/aboutus; Lohmeyer, 2013) and ground aspen wood is being sold in mixed
feeds (Land O’Lakes Purina Feed®, e.g., Mazuri Browser Breeder;
www.mazuri.com/mazuribrowserbreeder-5653.aspx).

The Billings Gazette (Unknown, 1975) reported that the SD Department of Game, Fish, and
Parks and SD State University collaborated and successfully (no reports of negative health
issues) fed steers a diet consisting of 45% ground aspen. Results indicated that “aspen-fed cattle
gained weight about twice as fast as the alfalfa-fed group” and that cattle on a pervious trial were
“tasty and tender.” Satter et al. (1970) fed lactating cows a mixed diet containing 32% aspen and
reported: (1) aspen sawdust (consumed up to 4.8 kg/d or 7.6 g/kg of BW) was effective as a
partial roughage substitute in a high-grain dairy ration; (2) if less dietary aspen would be equally
as effective in complete pelleted dairy rations, aspen sawdust could become an attractive
roughage substitute in areas where hay is expensive and difficult to obtain; and (3) no adverse
effects on animal health. Satter et al. (1973) reported that a mixed diet containing 30% aspen
sawdust did not negatively affect DMI or milk parameters in dairy cattle and concluded that it
was “as effective as 50% long hay to maintain normal luminal [ruminal] acetate-to-propionate
ratios.” In this trial, cows consumed up to 5.32 kg of aspen/d (8.38 g/kg of BW).

Research by Satter et al. (1970, 1973) was reinforced by Schingoethe et al. (1981) who
reported that 30% aspen pellets (made from whole aspen trees) in a mixed diet, could be safely
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fed to lactating dairy cows. These cows safely (no adverse effects on animal health) consumed
approximately 5.82 kg of aspen/d (9.77 g/kg of BW) and the authors reported that the aspen diet
vs. control diet, increased ruminal pH and did not affect milk production. Authors also state that
“the amount of fiber in the aspen ration may limit feed intake due to gut fill during peak of
lactation. For this reason feeding more than 30% of the total ration DM as aspen would not be
recommended, and even 30% ... might be too high for cows in early lactation.” Dr. Whitney’s
comment: This statement does not seem warranted, considering that total DMI and milk
production were similar for cows fed diets with or without (control) aspen wood.

Mathison et al. (1986) fed sheep and cattle diet containing 42% ground aspen and 58% hay.
Apparent digestibility of the aspen in the diet was approximately 25 to 37% and the cattle
consumed approximately 2.52 kg of aspen/d (6.3 g/kg of BW). Authors report that the cattle
consumed a total of 6 kg of the hay and aspen mixture/d, which was “77% of the intake ... when
only hay was fed; sheep ate “61% as much of the aspen-hay mixture” vs. hay alone. No adverse
effects on animal health were reported and the authors concluded, “... the feeding value of
unprocessed aspen in ruminant diets is less than 75% of the feeding value of straw.”

JUNIPER

Very little research related to the use of woody products as animal feed ingredients was done
between 1980 and 2007. However, in 2008, a TX A&M AgriLife Research (San Angelo) trial
evaluated effects of replacing CSH with air-dried redberry juniper leaves in Rambouillet lamb
feedlot diets (Whitney and Muir, 2010). In this trial, a maximum of 30% juniper leaves was
included in a mixed diet that fed for 28 d; lambs were transitioned onto a mixed diet containing
15% juniper for an additional 49 d. Maximum daily juniper leaf consumption was 357 g (11.9 g
of juniper/kg of BW). No negative effects on animal health were reported based upon visual
assessment, but replacing 50% of the CSH with redberry juniper leaves increased lamb
performance, compared to diets containing CSH or juniper as the sole roughage source. Authors
concluded, “Results indicate that air-dried redberry juniper leaves can effectively be used as a
roughage source and can replace all of the CSH in lamb feedlot rations, but may reduce intake
and consecutively growth at greater inclusion levels. Authors also suggested that secondary
compounds and their interactions with nutrients should be considered when evaluating the
nutrient requirements of the animal and its rumen microbial populations. Utilization of juniper
as a roughage source could provide ranchers with a readily available on-site feed resource and
possibly lessen the negative impact of this undesirable invasive brush species...”

Results from Whitney and Muir (2010) led to a trial in which mixed diets containing ground
juniper leaves and small stems were fed to lambs (Whitney et al., 2014). Whitney et al. (2014)
evaluated effects of using ground redberry juniper (leaves and stems) in Rambouillet wether
lamb (n = 45) feedlot diets on growth, blood serum, fecal, and wool characteristics. In a
randomized design study with 2 feeding periods (Period 1 = 64% concentrate diet, 35 d; Period 2
= 85% concentrate diet, 56 d), lambs were individually pen-fed isonitrogenous corn DDGS-
based diets where 0% (0JUN), 33% (33JUN), 66% (66JUN), or 100% (100JUN) of the oat hay
was replaced by juniper (Table 6). During Period 1, lambs consumed approximately 367 g of
juniper/d (12.2 g/kg of BW; Table 7). During Period 2, lambs consumed approximately 207 g of
juniper/d (4.73 g/kg of BW; Table 7). Serum urea N (SUN; 18 to 31 mg/dL; Table 8) increased
quadratically (P = 0.01) and fecal N increased linearly (P = 0.004), which was partially be
attributed to greater dietary urea and CT intake. Most wool characteristics were not affected, but
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wool growth/kg of BW decreased quadratically (P = 0.04) as percentage of juniper increased in
the diet. Overall, results indicated that replacing all of the ground oat hay with ground juniper in
lamb growing and finishing diets is not detrimental to animal performance or health. The
authors concluded:

“... Results indicate that ground juniper leaves and stems can effectively replace
all of the oat hay in corn DDGS-based growing and finishing diets without
negatively affecting animal health [evaluated by visual assessment], performance,
or wool characteristics. However, using a combination of juniper and oat hay
during the growing period (Period 1; high roughage diet) increased growth
performance and reduced total feedlot costs as compared to using juniper or oat
hay as the sole roughage source.”
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Table 6. Ingredient, chemical composition (% DM basis), and digestibility of treatment diets

Diet!
Period 1 Period 2
Item? 0JUN  33JUN 66JUN 100JUN 0JUN 33JUN 66JUN 100JUN
Ground juniper - 12.0 24.0 36.0 - 5.0 10.0 15.0
Oat hay 36.0 24.0 12.0 - 15.0 10.0 5.0 -
Dried distillers grains 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Cottonseed meal - - - - - - - -
Sorghum grain 14.15 14.55 14.93 15.32 35.05 35.19 35.31 35.43
Molasses 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Limestone 2.75 2.2 1.67 1.13 2.85 2.62 2.40 2.19
Ammonium chloride 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Salt 0.9 0.9 0.9 9 0.9 0.9 0.9 0.9
Mineral premix 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Urea - 0.15 0.30 0.45 - 0.09 0.19 0.28
Nutrient Composition, %
DM 91.8 91.9 91.9 92.0 91.0 91.7 91.8 91.8
CP 22.8 22.9 22.5 22.0 23.3 24.1 23.2 23.9
ADICP 0.7 0.8 1.0 1.1 0.7 1.3 1.8 1.7
NDF 33.8 32.9 30.7 29.7 28.0 27.2 26.1 24.2
ADF 17.2 18.1 18.0 19.0 13.8 14.6 15.3 13.9
Crude fat 7.0 7.6 8.0 8.2 75 8.0 7.9 8.2
Lignin 3.8 5.3 5.6 1.7 2.5 3.5 5.2 5.2
Ca 1.2 11 11 1.0 1.4 14 1.5 1.3
P 0.6 0.6 0.6 0.6 0.62 0.67 0.66 0.68
CaP 2.5 1.8 1.8 1.7 2.3 2.1 2.3 1.9
Ash 10.1 8.7 8.4 7.7 10.2 9.7 9.7 75
Volatile oil, % 0.04 0.11 0.07 0.11 0.04 0.03 0.03 0.03
True IVDMD, % 74.5 73.8 71.9 72.2 81.1 81.5 80.0 79.6

Treatment diets were isonitrogenous, non-agglomerated feedlot growing rations containing ground juniper that replaced 0%
(0JUN), 33% (33JUN), 66% (66JUN), or 100% (100JUN) of the ground oat hay. During Period 1 (d 0 to 35), lambs were fed a 64%
concentrate ration. Lambs were transitioned over 4 d into Period 2 (d 36 to 91) onto an 85% concentrate ration.

2ADICP = acid detergent insoluble CP; true IVDMD = true 48-h in vitro dry matter digestibility.
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Table 7. Effects of replacing oat hay with ground juniper on lamb performance

Diet! P-value’

Item/d® 0JUN 33JUN  66JUN 100JUN SEM* Linear Quadratic
Period 1

DMI, kg; overall 0.96 1.38 1.30 1.02 0.07 0.73 <0.001

ADG, kg; overall 0.14 0.22 0.22 0.13 0.02 0.41 <0.001

G:F, kg/kg; overall 0.15 0.16 0.17 0.12 0.01 0.17 0.007
Period 2

DMI, kg/d; d 42 to 91 1.28 1.34 1.45 1.38 0.06 0.19 0.31

ADG, kg; d 42 to 91 0.24 0.25 0.25 0.28 0.01 0.03 0.29

G:F, kg/kg; overall 0.19 0.18 0.18 0.20 0.01 0.41 0.06
Entire trial, d 0 to 91

DMI 1.16 1.34 1.39 1.24 0.06 0.27 0.004

ADG 0.20 0.24 0.24 0.22 0.01 0.30 0.02

GF 0.18 0.18 0.17 0.18 0.01 0.87 0.68

BW, Kkg; final shorn 43.5 46.1 46.6 43.8 1.1 0.74 0.01

"Treatment diets were isonitrogenous and non-agglomerated, and contained ground juniper that replaced 0%
(0JUN), 33% (33JUN), 66% (66JUN), or 100% (100JUN) of the ground oat hay.

“Linear and quadratic orthogonal contrasts.

3During Period 1 (d 0 to 35), lambs were fed a 64% concentrate ration. Lambs were transitioned over 4 d into
Period 2 (d 36 to 91) onto an 85% concentrate ration.

*SEM = greatest standard error of the mean.
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Table 8. Effects of dried distillers grains with solubles (DDGS) and replacing oat hay with ground
juniper on lamb serum urea N, IGF-1, Ca, and P, and fecal P and N during Period 2 (d 36 to 91)
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Fig. 6. Effects of replacing oat hay with ground juniper on lamb BW.
During Period 1 (d 0 to 35), lambs were fed a 64% concentrate ration.
Lambs were transitioned over 4 d into Period 2 (d 36 to 91) onto an
85% concentrate ration.
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Data (has not been statistically analyzed) from the most recent AgriLife Research trial,
suggested that ground redberry juniper trees (entire tree) can be used in pregnant ewe
supplements without negatively affecting ewe health (evaluated by visual assessment) or
lambing, or lamb birth weight or weaning weight (Table 10; Stewart, et al., unpublished data).
Approximately 56 d after conception, mature, pregnant Rambouillet ewes (n = 28) were
randomly allocated to individual pens, fed a basal hay diet and assigned to a pelleted treatment
supplement that contained either 0% (CNTL), 18% (18JUN), 36% (36JUN), or 54% (54JUN)

ground juniper (Table 9); supplements were fed until lambing. Maximum juniper intake for
ewes supplemented with 54JUN was 463.3 g of juniper/d (5.5 g of juniper/kg of BW).

Table 9. Ingredient and chemical composition (DM basis) pelleted

treatment supplements

Supplement

Item* CNTL 18JUN 36JUN 54JUN
Ground juniper - 18 36 54
Ground hay 54 36 18 -
DDGS 29.75 29.75 29.75 29.75
Cottonseed meal 3 3 3 3
Sorghum grain 6 6 6 6
Molasses 4 4 4 4
Ammonium chloride 0.75 0.75 0.75 0.75
Salt 1 1 1 1
Mineral premix 1.5 15 15 15
Chemical composition, %

CP 16 15.3 14.5 13.9

NDF 36 38 41 42

ADF 19 24 30 35

CT 0 0.76 151 2.27

Volatile oil 0 0.22 0.41 0.72
tlVDMD, % 75.5 725 64.7 50.1

CT calculated based only on CT in the juniper portion in the diet. Ground hay
= sorghum sudangrass hay; DDGS = corn dried distillers grains with solubles.
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Table 10. Effects of using ground redberry juniper in ewe supplements on DMI, ewe milk
quality, lamb survival, birth weight, and growth performance’

Supplement Group?

Item® CNTL 18JUN 36JUN 54JUN
BW of ewe at maximum juniper intake, kg 97.5 94.8 78.5 84.8
Maximum supplement intake, g/d 1,006 992 821 858
Hay intake, g/d 1,241 1,213 1,288 1,526
Total DMI, g/d (basal + supplement) 2,247 2,205 2,109 2,384
Maximum juniper intake, g/d 0 179 296 463
Maximum juniper intake, g/kg of BW 0 1.88 3.77 5.46
CT intake, g/d 0 7.5 12.4 19.5
CT intake, g/kg BW 0 0.08 0.16 0.23
Volatile oil intake, g/d 0 2.18 3.37 6.18
Volatile oil intake, g/kg BW 0 0.02 0.04 0.07
Milk fat, % 3.8 3.3 3.5 3.2
Milk protein, % 35 35 35 3.4
# lambs that died within 14 d of parturition 2 2 0 1
Lamb BW

0 d after parturition 51 51 5.0 5.2

14 d after parturition 12 9.7 8.4 11.8

50 d after parturition (weaning) 22.8 21.1 22.0 21.2
Lamb ADG

0 to 14 d after parturition 0.48 0.33 0.24 0.46

14 to 50 d after parturition 0.30 0.32 0.36 0.28

'Note: Data has not been statistically analyzed or published.

’Ewes fed a basal hay diet and supplemented daily with one of 4 pelleted feeds that contained either
0% (CNTL), 18% (18JUN), 36% (36JUN), or 54% (54JUN) ground juniper.

®Intake data represent the day of maximum consumption of supplement by a ewe within each
supplement treatment group. Lamb BW and ADG represent only the lambs that were born as single

lambs.
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In another TX A&M AgriLife Research trial, Whitney et al. (2013) reported that lambs could
be fed a mixed, pelleted diet containing 30% ground juniper leaves and stems without negatively
affecting animal health; maximum juniper intake was 273 g/d (12.2 g of juniper/kg of BW).

Section 8 Conclusion:

Trials conducted over the past 100 yr that have evaluated the use of tree fodder (leaves and
small pliable twigs) and ground wood (whole trees and sawdust from mills), along with
numerous research summaries, suggest that ground juniper trees can be safely used in ruminant
animal diets. Any negative effects of using ground wood in mixed feeds for ruminant animals
are generally attributed to reduced DMI, thus reduced growth performance. In addition, various
literature suggests that CT or volatile oil can reduce DMI in a variety of forages and feed
ingredients, thus reduced intake of feeds containing ground juniper is not extraordinary.

The literature search revealed only one case of impaction (Cody et al., 1972); however, other
roughage feed ingredients can also cause compaction and thus, the proposed ingredient does not
pose any extraordinary health issues. It should be noted that feeding ground juniper to ruminant
animals (which are observed at least once/day while on trial) has not resulted in any negative
health effects (evaluated by visual assessment) in any trials conducted by the TX AgriLife
Research Nutrition program, San Angelo. It should also be noted that during these trials, even
though DMI and ADG has been reported to be less in lambs fed diets with juniper vs. lambs fed
diets without juniper (control), ADG has never been negative (always remained in a positive
energy balance).
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9. Summary of Safety Assessment: Toxicology

NOTE: Details of each trial summarized in this section, along with other supportive research
trials, can be found in the Appendices.

Like thousands of plant species, juniper is known to contain CT and volatile oil (Section
9.1). Section 9.2 briefly addresses effects of CT and volatile oil in non-ruminant animals (e.g.
mice), even though non-ruminant toxicity of CT and volatile oil is not relevant to ruminant
animals due to numerous factors (e.g., ruminal digestion, regurgitation, re-mastication) that are
discussed in Section 9.3; this is especially true for toxicology studies that inject a secondary
compound directly into the bloodstream of the animal. Section 9.3 discusses effects of ruminant
animals consuming juniper material, thus consuming CT and volatile oil. Section 9.3 also
addresses unsupported claims by a subset of literature, which report that volatile oil contained
within juniper is “toxic” to ruminant animals. These authors also commonly made incorrect
inferences related to the data and conclusions of their cited references. At times, they also
incorrectly attributed reduced DMI to “toxicity” and failed to recognize that: (1) by itself,
reduced DMI (vs. control animals) does not define toxicity; (2) other high-fiber feed ingredients
(e.g., aspen, CSH, various forage and hay varieties), some of which contain plant secondary
compounds, can also reduce DMI at times, but are not considered “toxic”; and (3) toxicity occurs
when consumption of the compound exceeds the biotransformation capacity of that compound
(Torregrossa et al., 2012), in which these authors (nor their cited references) did not evaluate.

A thorough literature review revealed that there is not a single documented case, in a
properly designed trial, in which consumption of J. pinchotii or J. ashei material (leaves, stems,
whole tree) negatively affected ruminant animal health as assessed by visual evaluation of the
live animal or internal organs or by blood enzyme analysis). This conclusion is supported by
published research trials, some of which were completed by Dr. Whitney’s AgriLife Research
Nutrition Program.

Overall, Section 9 supports the fact that consumption of ground juniper by ruminant animals
is safe and poses no extraordinary animal health issues. Estell et al. (1998) stated,
“Monoterpenes [contained within volatile oil] are typically toxic to insects but safe for
consumption by mammals (Rice and Coats, 1994). These authors also stated, “Because many
monoterpenes are classified as “Generally Recognized as Safe” and are natural plant products
that are abundant and easily synthesized (Rice and Coats, 1994), they are potential candidates for
use in manipulating feeding patterns of browsing herbivores.” Approved feed ingredients
currently exist (e.g., sorghum grain, CSH, lespedeza hay, ground aspen wood) that contain
similar to greater concentrations of CT than what has been reported in J. pinchotii and J. ashei.
Thus, consumption of CT and volatile oil is a normal occurrence in ruminant animal production.
Furthermore, ground juniper could actually be considered safer for the animal than many of the
approved feed ingredients, because juniper is not known to contain common secondary
compounds that pose significant health issues such as gossypol (e.g., cottonseed products),
coumarin (e.g., sweat clover), saponins (e.g., alfalfa), and nitrates (e.g., oat hay, alfalfa,
sudangrass, sweetclover).
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Multiple databases were searched (from early 1900’s to current) for Section 9:
1. U.S. National Library of Medicine (PubMed/MEDLINE, TOXNET databases)
2. Carcinogenic Potency Database (CPDB; http://toxnet.nlm.nih.gov/cpdb/chemnameindex.html)
3. Cancerlit
4. Search engines of Texas A&M University Library, Goggle, and various individual
journals

Examples of keywords used during the search:
a—pinene, o—terpinene, camphene, camphor, carcinogen, condensed tannins, ellagitannins,
essential oil, evergreen, hydrolysable tannins, Juniperus, juniper, lignin, limonene,
monoterpene, myrcene, phytotoxin, plant secondary compounds, polyphenol, polyphenolics,
proanthocyanidins, sabinene, safrole, terpene, terpenoid, toxicosis, trans-sabinene hydrate,
volatile oil

9.1 Overview: Secondary compounds

Juniper contains condensed tannins, which are phenolic compounds (also defined as
anthocyanidins or proanthocyanidins) and volatile oil (correctly and incorrectly defined as
essential oil, monoterpene, terpene, terpenoid). Condensed tannins and volatile oil are defined as
plant secondary compounds or secondary metabolites, because they are not directly essential for
life, growth, or development of the plant (Fraenkel, 1959; Singleton, 1981; Kutchan and Dixon,
2005). Lignin is also a phenolic compound that is “nearly universal in higher plants” and even
though it can be negatively related to digestibility, it is not directly considered to have any toxic
effects (Singleton, 1981).

A complete, comprehensive review of the chemistry, metabolism, and function of all plant
secondary compounds is not warranted in this proposal. However, secondary compounds have
been extensively studied and thorough reviews are available (e.g., Kingsbury, 1964; Singleton,
1981; Hemingway and Laks, 1992; McGarvey and Croteau, 1995; Bravo, 1998; Yoshida et al.,
2000; Humphrey and Beale, 2006; Serrano et al., 2009; Makkar et al., 2010; Salminen and
Karonen, 2011; Cheynier et al., 2012).

Thousands of secondary compounds are distributed throughout the plant kingdom and certain
compounds can be more toxic to herbivores than others, such as hydrolysable tannins (HT; in
oak leaves: Quercus spp.), flavonoids (in mulberry leaves: Morus alba), gossypol (in whole
cottonseed: Gossypium spp.), hymenoxon (in bitterweed: Hymenoxys odorata) and coumarin (in
sweat clover: Melilotus spp.). The prosed ingredient is not known to contain any of these
compounds and are therefore, not discussed. A thorough examination of the literature revealed
that CT and volatile oil are the only secondary compounds of any significance in J. pinchotii and
J. ashei plants. Hydrolysable tannins (derivatives of gallic acid) are phenolic compounds that are
common in many woody plant species and are of particular interest in regards to negatively
effecting animal health (Murdiati et al., 1990; Reed, 1995; Waghorn and McNabb, 2003).
However, HT are not discussed because coniferous plants (e.g. Juniperus spp.) are not known to
synthesize HT (Kubitzki and Gottieb, 1984; reviewed by Salminen and Karonen, 2011; Ann
Hagerman, Ph.D. and toxicologist, personal communication).

Labdane acids (a diterpene) have been detected in J. communis (Feliciano et al., 1991).
Pinus ponderosa contains labdane acids and its consumption (leaves and/or bark) has been
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associated with reproductive problems in cattle (Welch et al., 2013). The proposed ingredient (J.
pinchotii and J. ashei) does not contain any significant quantities of labdane acids (< 0.14% of
plant DM, Stewart et al., 2014; Kevin Welch and Dale Gardner, Ph.D., Personal Communication,
May, 3, 2013). In addition, no reports (published or unpublished) were discovered during a
thorough literature review, which would suggest that J. pinchotii or J. ashei cause any
reproductive concerns. In contrast, research trials with goats (Owens et al., 2010) and sheep
(Stewart et al., unpublished data) have reported that feeding the proposed ingredient does not
negatively affect reproduction, fetal development, or progeny; details presented below.

9.2 Non-ruminant toxicity

A comprehensive review of the toxicity of CT and volatile oil in non-ruminant animals is not
warranted in this proposal. This is especially true for toxicology studies that inject a secondary
compound directly into the bloodstream. Furthermore, many of the trials evaluating the effects
of CT and volatile oil in non-ruminant animals, dose with much greater concentrations than what
a ruminant animal could actually consume at a single point in time, during a single meal, or
within a given day.

Example 1: The approximate lethal dose (ALD) of myrcene has been reported to be
5.06 g/kg BW and 11.4 g/kg BW in mice and rats, respectively (Paumgartten et al.,
1990). Maximum concentration of myrcene in redberry juniper leaves was found to be
9.1% of total volatile oil (Riddle et al., 1996; Table 2); thus, a ruminant animal would
need to consume 56 to 125 g of volatile oil/kg BW [5.06 g/0.091 and 11.4 g/0.091]. The
maximum volatile oil concentration = 4.9% (Adams, 1987; Table 2); thus, a ruminant
animal would need to consume 1,135 to 2,557 g of juniper/kg BW within a given day
(greater than 114% of the animal’s BW), which is impossible.

Example 2: As cited in Wagner (2006) the LD50 oral dose of camphor has been
reported to be 1.31 g camphor/kg BW in mice (Gakuho, 1975, “as cited in RTECS,
2005). Maximum concentration of camphor in redberry juniper leaves was found to be
64.9% of total volatile oil (Adams, 2011; Table 2); thus, a ruminant animal would need
to consume 2.02 g of volatile oil/kg BW [1.31 g/0.649]. The maximum volatile oil
concentration = 4.9% (Adams, 1987; Table 2); thus, a ruminant animal would need to
consume 41.2 g juniper/kg BW [2.0185 g 0il/0.049] within a given d, which has never
been reported.

Even if concentrations of CT and volatile oil used in non-ruminant toxicology trials
represented what a ruminant animal would actually consume in a given meal or within a given
day, LD50 or ALD values would not be applicable to ruminant animals because of the
complexity of the ruminant system, e.g., microbial digestion, eructation and re-mastication.
Refer to Section 9.3 for a discussion related to effects of animal and rumen physiology on the
biological activity of CT and volatile oil.
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9.3 Ruminant toxicity

Multiple trials have shown that ground juniper (thus, CT and volatile oil) is safe for
consumption by ruminant animals when used according to good feeding practices and the
intended use as cited in the enclosed proposal. This conclusion is based upon the following:

1. A thorough review of the literature. For example, Estell et al. (1998) stated,
“Monoterpenes are typically toxic to insects but safe for consumption by mammals (Rice
and Coats, 1994). Because many terpenes are classified as “Generally Recognized as
Safe” and are natural plant products that are abundant and easily synthesized (Rice and
Coats, 1994), they are potential candidates for use in manipulating feeding patterns of
browsing herbivores.”;

2. Personal experiences with feeding diets containing ground juniper to ruminant animals.
No negative animal health issues (visual appraisal) related to feeding ground juniper
material in mixed diets have been observed by Dr. Whitney in any Texas A&M AgriL.ife
research trials. Within these trials, average daily DMI and ADG has at times been less in
animals consuming diets with juniper vs. without juniper. However, (1) reduced animal
growth performance (when compared to control animals) has been mainly attributed to
fiber characteristics of ground juniper and not a result of post-ingestive adverse health
effects due to CT or volatile oil and (2) ADG has never been negative (animals have
always remained in a positive energy balance);

3. Numerous approved feed ingredients that contain equal or greater concentrations of CT
or volatile oil than what has been reported in the proposed ingredient (e.g., CT in aspen
and various varieties of hulls and straw;

4. The ALD of various terpenes are reported to be much greater than what an animal would
actually consume; this is especially true when comparing ALD in non-ruminants with
ruminants, because of rumen microbial terpene digestibility and terpenes being further
volatilized as ruminants regurgitate, remasticate, and re-swallow feed;

5. Volatile oil is rapidly and extensively degraded in the rumen. Cluff et al. (1982) reported
that monoterpenoids in the rumen of mule deer were 80% less than what would be
expected from the consumption of sagebrush. These authors suggest that in vitro trials
are not very representative of actual feeding trials; e.g., monoterpenes have been reported
to inhibit rumen microorganisms while feeding trials have reported that “big sagebrush is
a highly digestible winter forage.” Welch and Pederson (1981) reported that the
digestibility of big sagebrush was as great as 64.8% and predicted that monoterpenoids
are lost from the rumen. These authors also stated, “Apparently 38.5°C, which is close to
the normal body temperature ..., is sufficient to volatilize monoterpenoids (Moen,
1973).” Furthermore, White et al. (1982) reported that 77% of the monoterpenoids from
sagebrush were lost “in the stomach contents of ... rabbits...” and that this was due to the
volatilization of monoterpenoids during mastication and ingestion. Malecky and
Broudiscou (2009) reported that specific terpenes are rapidly and readily degraded by
rumen microflora; out of the 9 terpenes studied, 7 terpenes were over 75% digested and 3
were over 90% digested within the first 6 hr of incubation. Numerous other studies
reported that terpenes are readily degraded by rumen microorganisms (Chizzola et al.,
2004; Broudiscou, et al., 2007; Malecky et al., 2009).

6. Condensed tannins are poorly, to not at all, absorbed in chickens (Jimenez-Ramsey et al.,
1994) and sheep (Terrill et al., 1994), thus reducing CT bioavailability in the animal;
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Furthermore, the proposed ingredient could actually be considered “safer” than many
approved feed ingredients because it is does contain common secondary compounds that pose
significant health issues such as gossypol (e.g. cottonseed products), coumarin (e.g. sweat
clover), saponins (e.g. alfalfa), and nitrates (e.g. oat hay, alfalfa, sudangrass, sweetclover).

It has been interesting to discover through the intensive review process required for this
proposal, that some authors have generally cited previously reported “assumptions” as “facts”
when discussing effects of volatile oil on ruminant animal health. This phenomena is
unfortunately a common occurrence (loannidis, 2005; Vera-Badillo et al., 2013) in research and
a combination of many factors: “research bias,” “experimental bias,” and/or “confirmation bias.”
Therefore, it appears that “research bias” has led to the unsupported conclusion by some
researchers that consuming J. pinchotii or J. ashei leaves does, as a matter of fact, negatively
affects animal health. Therefore, when necessary, results and literature that was incorrectly
referenced by these authors to construct their conclusions, are discussed in detail.

In some instances, this subjective trend originated from published trials that made these
assumptions even when effects of juniper consumption (or volatile oil drench) on animal health
was not directly evaluated or when invalid experimental designs were used, e.g., no control
group, no statistical analysis, and/or confounding factors. Even though there is not a single
documented case, in a properly designed trial, in which consumption of fresh J. pinchotii or J.
ashei leaves by ruminant animal negatively affects health, a few authors have suggested that the
volatile oil contained with juniper leaves is “toxic.” However, these authors failed to recognize
that:

1. Dosing an animal at a single point in time with a plant secondary compound equal to the

amount the animal would consume over the course of a given day, does not represent
normal meal patterns, especially in ruminant animals. Further, Boyle and Dearing (2003)
stated, “It is possible that the differences among studies are a function of the disparate

species examined (woodrats, voles, sheep, ...)” and “... it is plausible that the disparate
results stem from the use of secondary compounds in foliage versus purified
compounds.”;

2. Toxicity is not defined solely on a reduction in DMI (when compared to control animals),
especially when ADG is positive, when DMI for control animals also declines, when total
daily DMI (basal diet + juniper leaves) is not reduced, or when in vitro methods are used
to evaluate effects of volatile oil but the in vitro volatile oil concentrations were much
greater than those found in fresh juniper leaves and/or greater than what an animal would
ever possibly consume within a given day, especially at a single point in time;

3. “A central concept of toxicology is that effects are dose-dependent; even water can lead
to water intoxication when taken in too high a dose” (Wikipedia). Thus, even though
juniper volatile oil could “technically” be defined as “toxic,” so could all other substances
when the dose is in “excess” for a particular biological function;

4. When only a few selected indices “suggest” potential toxicity, this does not confirm
toxicity. This is especially true when these indices are not specific to the organ in
question (e.g., liver) or when other indices remained within normal physiological limits
and/or were either less than or equal to control animals.
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Additional problems were discovered during the literature review for this proposal include
authors not citing all of the needed information to determine consumption of juniper leaves (and
thus, volatile oil) as a percentage of total DMI or on a g/kg of BW basis such as:

(1) animal BW;

(2) ingredient DM;

(3) percentage of volatile oil in the juniper leaves;

(4) basal diet DMI;

(5) if intake data is reported on an as-fed or DM basis.

Literature summary:

Table 14 and Appendices C, D, E, and F report consumption of various feeds that contain CT,
volatile oil, or both, when those plants are mixed with other feed ingredients.

Table 13 and Appendix G report consumption of various feeds that contain CT, volatile oil, or
both, when those plants are not mixed with any other feed ingredients.

Dry matter, nutrients, and secondary compound concentrations of juniper and all other feed
ingredients were based upon most relevant literature, data from Dr. Whitney’s Nutrition
Laboratory, or both. When needed to calculate intake (g/kg of BW) NRC (2000; cattle) and
NRC (2007; small ruminants) was referenced to determine animal BW and approximate DMI
according to information provided by the authors, e.g., 6-wk old goats fed to meet maintenance
protein and energy requirements.

In regards to safety assessment, the most relevant trials from those listed in Tables 13 and 14
and from those discussed in detail in the Appendices are summarized below. No research trials
were discovered that evaluated ADL or LD50 values for ground juniper, CT, or volatile oil in
ruminant animals. However, in research trials completed by the TX A&M AgriLife Research
Nutrition Program, in which ground juniper was mixed with other feed ingredients and fed to
ruminant animals, no apparent animal health issues have been directly observed; determined
mainly by daily visual appraisal of the animal and ADG. For example (see below and Appendix
C for more information), Whitney et al. (2014) did not report any negative health effects (daily
visual appraisal and negative ADG were positive; ) when feedlot lambs consumed mixed diets
containing juniper leaves and small stems, which resulted in approximately 22.9 g of CT
consumed/day (0.76 g/kg of BW); these lambs also consumed 1.12 grams of volatile oil/day
(0.037 g/kg of BW). Whitney et al. (2013) also did not report any negative health effects (daily
visual appraisal and negative ADG) when feedlot lambs consumed mixed diets containing
juniper leaves and small stems, which resulted in approximately 19.2 g of CT consumed/day
(0.86 g/kg of BW); these lambs also consumed 0.55 grams of volatile oil/day (0.02 g/kg of BW).
Stewart et al. (unpublished data from Dr. Whitney’s Nutrition program) fed supplements
containing ground whole redberry juniper trees (up to 54% juniper) to pregnant ewes from day
56 to parturition. Maximum CT intake was 19.5 g/day (0.23 g/kg of BW) and volatile oil intake
was 6.18 g/day (0.07 g/kg of BW). In this trial, collective evaluation of ewe ADG, daily DMI of
the basal hay diet and juniper-based supplement, and lamb birth weight and ADG, suggested that
consumption of juniper (thus, CT and volatile oil) was not detrimental to animal health.
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Others have also reported that goats can consume up to 69 g CT/d (1.7 g CT/kg of BW, DM
basis) when consuming Sericea lespedeza hay (6.5% CT, DM basis), with no reported health
problems (visual assessment or negative ADG; Terrill et al., 2007). Chafton fed lambs Sericea
lespedeza hay (10.7% CT, DM basis), resulting in 128 g of CT intake/d (3.74 g CT intake/kg of
BW, DM basis) with no reported health problems (visual assessment, or negative ADG). In
addition, DMI and ADG increased when kid goats were fed a diet containing 75% Sericea
lespedeza (6.5% CT, DM basis) vs. 75% bermudagrass hay, resulting in 62 g CT intake/d (3.28 g
CT intake/kg of BW; Moore et al., 2008). Most literature reports that juniper contains 5 to 8%
CT (DM basis). If juniper contains 5% CT, then a 40-kg goat would have to consume
approximately 2,992 g of juniper/d to consume 3.74 g CT/kg of BW [see above for Serecia
lespedeza hay intake]), which equals juniper being consumed at 7.46% of BW, which is
impossible. Even if juniper contained the maximum reported concentration of 10.2% CT (DM
basis; Adams et al. (2013b), the same 40-kg goat would have to consume approximately 1,466 g
of juniper/d to consume 3.74 g CT/kg of BW), which equals juniper being consumed at 3.66% of
BW. This is highly unlikely, especially when at least 1 other feed ingredient is mixed with the
ground juniper.
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Consumption of target plant when mixed with at least one other feed ingredient

Whitney et al., 2014. Effects of using ground redberry juniper and dried distillers grains with solubles
in lamb feedlot diets: Growth, blood serum, fecal, and wool characteristics. J.
Anim. Sci. 92:1119-1132.

*  This study was completed by Dr. Whitney’s TX AgriLife Research Nutrition Program, San Angelo.

This trial evaluated effects of using ground redberry juniper (J. pinchotii: leaves and stems)
in Rambouillet wether lamb (n = 45) feedlot diets on growth, blood serum, fecal, and wool
characteristics. In a randomized design study with two feeding periods (Period 1 = 64%
concentrate diet, 35 d; Period 2 = 85% concentrate diet, 56 d), lambs were individually pen-fed
isonitrogenous corn DDGS-based diets where 0% (0JUN), 33% (33JUN), 66% (66JUN), or
100% (100JUN) of the oat hay was replaced by juniper (Table 6).

During the spring, redberry juniper branches < 3.6 cm diameter were cut from mature
redberry juniper trees. Within 2 d, branches were mechanically chipped and dried and fine-
ground to pass a 4.76-mm sieve; oat hay was ground to pass a 6.35-mm sieve. During Period 1,
lamb DMI, ADG, and G:F quadratically increased (P < 0.01; Table 7) as juniper increased in the
diet. During Period 2, DMI was similar (P > 0.19), ADG increased linearly (P = 0.03) and G:F
tended to decrease quadratically (P = 0.06) as juniper increased in the diet (Table 7). Serum
urea N (SUN) increased quadratically (P = 0.01) and fecal N increased linearly (P = 0.01), which
was partially be attributed to greater dietary urea and CT intake (Table 8). Most wool
characteristics were not affected, but wool growth/kg of BW decreased quadratically (P = 0.04)
as percentage of juniper increased in the diet. A treatment x day interaction was observed for
BW (P = 0.004; Fig. 6) and within the DDGS-based diets, lamb BW increased quadratically (P <
0.01) as percentage of juniper incrementally increased in the diet. Results indicated that
replacing all of the ground oat hay with ground juniper in lamb growing and finishing diets is not
detrimental to animal performance or health (assessed by visual appraisal and ADG).

Conclusions:

“... Results also indicate that ground juniper leaves and stems can effectively replace all of
the oat hay in corn DDGS-based growing and finishing diets without negatively affecting animal
health, performance, or wool characteristics. However, using a combination of juniper and oat
hay during the growing period (Period 1; high roughage diet) increased growth performance and
reduced total feedlot costs as compared to using juniper or oat hay as the sole roughage source.
The economics of processing, storing, and mixing two roughage sources will need to be
considered, but it appears that the most economical feeding regimen in this trial would have been
to feed 66JUN during the growing period and then feed 100JUN during the finishing period.”

Summary Notes:

e 9 total CT in ground juniper 6.0%

e 9 total CT in ground sorghum grain = 0.55%

e No adverse effects on animal health were reported in either feeding period.

Period 1:
e Values reported below are on a DM basis.
e tIVDMD: ground oat hay = 57.4%; ground juniper = 55%
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e Average total daily DMI for lambs fed 100JUN = 1,020 g/d

e Ground juniper daily intake for lambs fed 100JUN =
367 g of juniper/d = 12.2 g of juniper/kg BW

e 9% ground juniper in 100JUN diet = 36%

e Estimated total CT intake for lambs fed CNTL, 0JUN, 33JUN, 66JUN, and 100JUN =
3.5,0.8,11.0, 19.8, and 22.9 g CT/d, respectively, which =
0.10, 0.02, 0.32, 0.58, and 0.76 g CT/kg BW, respectively.”

e Estimated total volatile oil intake for lambs fed CNTL, 0JUN, 33JUN, 66JUN, or 100JUN =
0.04, 0.42, 1.56, 0.94, and 1.12 g oil/d, respectively, which =
0.001, 0.013, 0.046, 0.027, and 0.037 g oil/kg BW (BW at d 35), respectively.”

Period 2:
e Total daily DMI for lambs fed 100JUN = 1,380 g/d
e Ground juniper daily intake for lambs fed 100JUN =
207 g of juniper/d = 4.73 g of juniper/kg BW
e 9% ground juniper in diet = 15%
e Estimated CT intake for lambs fed CNTL, 0JUN, 33JUN, 66JUN, and 100JUN =

5.58, 2.47, 6.6, 11.5, and 15.1 g CT/d, respectively, which =
0.118, 0.057, 0.143, 0.247, and 0.345 g CT/kg BW, respectively.

Whitney et al., 2013. Effect of using redberry juniper (Juniperus pinchotii) to reduce Haemonchus
contortus fecal eggs and increase ivermectin efficacy. Vet. Parasitol.
197:182-188.

*  This study was completed (in part) by Dr. Whitney’s TX AgriLife Research Nutrition in collaboration
with the Agricultural Res. Station (VA State Univ., Petersburg, VA) and the Dept. of Biomedical Sci.
and Pathobiology (VA Tech, Blacksburg, VA).

Paraphrased abstract:

Objective: determine if a redberry juniper-based diet can reduce fecal egg counts (FEC) and
increase ivermectin (IVM) efficacy in IVM-resistant Haemonchus contortus. After natural
infection was established, cross-bred lambs (n = 64; 6 mo old; BW ~ 22.3 kg) were randomly
assigned to pens and fed a pelleted treatment diet (4 pens/treatment and 8 lambs/pen) consisting
of traditional feed ingredients mixed with either 30% hay (CNTL) or 30% ground juniper leaves
and stems (JUN; Table 11). Redberry juniper branches < 3.6 cm diameter were cut from mature
redberry juniper trees, chipped, dried, and fine-ground to pass a 4.76-mm sieve. Sorghum
sudangrass hay was ground to pass a 6.35-mm sieve. Lambs were fed during two periods: Period
1 (d 0 to 28) and Period 2 (d 28 to 42). On d 28, half of the lambs from each treatment and pen
were treated with VM orally (0.2 mg/kg), creating four treatment groups: lambs fed CNTL or
JUN and either not treated (CNTLn, JUNN) or treated (CNTLi, JUNi) with IVM. During Period
1, lambs fed CNTL had greater (P < 0.001) ADG than lambs fed JUN (0.09 vs. 0.04 kg/d),
which was probably caused by the CNTL diet having greater protein and less ADF, lignin, and
CT than the JUN diet. During Period 2, CNTLi lambs had greater (P < 0.05) ADG than JUNn
and JUNi lambs.
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Summary Notes:

Values reported below are on a DM basis.

Total average daily DMI for a 22.3-kg goat = 910 g/d

% ground juniper in diet = 30%

Maximum daily juniper intake for lambs fed JUN =

273 g juniper/d [910 x 0.3] = 12.24 g juniper/kg BW [273g/22.3 kg BW]

% total CT in ground sorghum sudangrass hay = 0.91%
% total CT in juniper material = 5.66%
% total CT in CNTL diet = 1.06%
% total CT in JUN diet = 211%
% total volatile oil in JUN diet = 0.06%

Average CT intake for lambs fed JUN =

19.2 g/d [910 g total intake x 0.0211] = 0.86 g/kg BW [19.29/22.3 kg BW]
Maximum volatile oil intake for lambs fed JUN =

0.546 g/d [910 g total intake x 0.0006] = 0.02 g/kg BW [0.0546¢/22.3 kg BW]

Average daily gain was low, but positive, for lambs in all treatment groups.

No adverse effects on animal health were reported.
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Table 11. Ingredient and chemical composition (DM basis) of sorghum sudangrass hay,
dried juniper material, sorghum grain, and treatment supplement

Ingredient Diet
Item, %° Hay Juniper Sorghum grain CNTL JUN
Ingredient
Sorghum sudan grass hay 30 0
Redberry juniper 0 30
DDGS 20 20
Cottonseed meal 2 2
Sorghum grain 40.76 41.38
Molasses 3 3
Limestone 1.95 1.06
Ammonia ClI 0.54 0.81
Salt 0.85 0.85
Mineral premix 0.6 0.6
Pellet binder 0.3 0.3
Chemical composition, %
CP 8.7 7 11.4 19.1 16.8
Crude fat 1.2 7.2 6.4 5.9 6
ADICP 14 14 1.3 1.8 1.8
NDF 71.2 43.6 9.6 30.2 29.6
ADF 48.5 33.6 4.6 18.2 22.8
ADL 7.3 17 1 5.6 9.1
Ash 14.7 6.2 1.9 8.5 7.3
Ca 0.5 1.8 0.07 0.9 1
P 0.2 0.1 0.5 0.7 0.5
CT, total 0.91 5.66 0.53 1.06 2.11
extractable 0 3.35 0 0 0.71
fiber-bound 0.55 0.54 0.26 0.68 0.68
protein-bound 0.36 1.77 0.27 0.38 0.72
Volatile oil, total 0.43 0.01 0.06

'Supplements were pelleted and contained either ground sorghum sudan grass hay (CNTL) or ground
redberry juniper leaves and stems (JUN).

2Sorghum sudan grass hay = ground to pass a 6.35-mm sieve; redberry juniper = ground leaves and
stems, fine-ground to pass a 4.76-mm sieve; DDGS = corn dried distillers grains with solubles; ADICP =
acid detergent insoluble crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL =
acid detergent lignin; CT = condensed tannins.
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C. Stewart et al. Unpublished data. Effects of using ground redberry juniper in ewe supplements

on growth, blood serum, wool characteristics, and on lamb birth and weaning

weights.

*  This trial was recently completed by Dr. Whitney’s TX AgriLife Research Nutrition Program, San
Angelo in collaboration with NM State Univ., Las Cruces; thus, data have not been statistically

analyzed or submitted for publication.

Approximately 56 d after conception, mature, pregnant Rambouillet ewes (n = 28) were
randomly allocated to individual pens, fed a basal Sorghum sudangrass ground hay diet, and

assigned to 1 of 4 pelleted treatment supplements that contained either 0% (CNTL), 18%

(18JUN), 36% (36JUN), or 54% (54JUN) ground juniper (Table 9); supplements were fed until
lambing. Mature redberry juniper trees were cut, chipped, and allowed to air-dry under cover for
7 to 12 d to approximately 78% DM. Chipped material was then fine-ground in a hammermill to

pass a 4.76-mm sieve. Sorghum sudangrass hay that was used as the basal diet and in the
supplements was ground in a hammermill to pass a 6.35-mm sieve.

Summary Notes:
e Values reported below are on a DM basis.

e Maximum juniper intake for ewes supplemented with 54JUN =
463.3 g juniper/d = 5.5 g juniper/kg BW

% ground juniper consumed in relation to total daily DMI = 19.4%

e 9 total CT in the ground juniper = 4.2%

e 9 total CT in 54JUN supplement (based solely upon CT in the juniper) = 2.27%
e Maximum CT consumed/d =19.59gCT/d =0.23 g CT/kg BW
e Maximum volatile oil consumed/d =6.18 g oil/d = 0.07 g oil/kg BW
[ ]

[

birth weight, or lamb weaning weight were observed (Table 10).

No adverse effects on ewe health (daily visual evaluation, change in BC), lambing, lamb
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Consumption of target plant when it is not mixed with any other feed ingredients

When juniper leaves were fed without being mixed with other feed ingredients, the maximum
percentage of juniper (as part of the total daily diet) has been reported to be 86.4% (22.2 g/kg of
BW; Campbell et al., 2007). In Campbell et al. (2007), goats (37 kg) were fed fresh juniper
leaves and a supplement and consumption of volatile oil and CT was estimated to be
approximately 0.405 and 1.21 g/kg of BW (DM basis), respectively. These authors did not
report any negative animal health issues. However, the validity of some of the conclusions made
by these authors is questionable and discussed in detail within this section and Appendix G.

In Riddle et al. (1999), 40-kg goats consumed an average of 56.9% fresh juniper leaves (14.1
g/kg of BW) as part of their total daily intake (fed with hay). This amount of juniper intake
resulted in volatile oil and CT being consumed at approximately 0.405 and 1.21 g/kg of BW
(DM basis), respectively. These authors analyzed DMI, feces, urine, DM digestibility, and N
balance and did not report any negative animal health issues. They stated, “Nitrogen balance
was... positive for juniper for spring and fall” and that “During fall, DMI of juniper ... were
significantly lower than alfalfa and CBH.” They concluded that “blueberry juniper... foliage can
provide nutrients for goats but only as portions of diets.” They also stated, “... ashe [blueberry]
juniper is of sufficiently high quality (i.e., 50% DMD) to significantly contribute to the diets of
grazing animals that have access to other forages and/or supplemental feeds.”

Campbell et al. (2010) evaluated the effects of a monoterpene dose (0.27 g/kg of BW) given
to female goats. Using various assumptions (explained in detail below), this dose equated to
juniper being approximately 59% of the goat’s daily DMI, resulting in approximate consumption
of 0.27 g of volatile oil/kg of BW and 0.81 g of CT/kg of BW. No adverse effects on animal
health were reported. However, the validity of some of conclusions made by these authors is
questionable and discussed in detail within this section and Appendix G.

Campbell et al., 2007. Effects of supplementation on juniper intake by goats. Rangel. Ecol. Manage.
60:588-595.

Paraphrased Abstract:

The first experiment evaluated the effect on juniper intake of either no supplementation
(negative control) or supplementation with corn, alfalfa, or CSM fed at an isonitrogenous CP
level of 1.5 g/kg BW for 12 d. Redberry juniper consumption by individually penned goats was
measured on d 11 and 12. Each goat received each supplement in a complete 4 x 4 Latin square
design. Juniper intake increased for goats supplemented with alfalfa and CSM (P = 0.001), but
not for those supplemented with corn (P = 0.94). A second study investigated the effect of either
no supplementation or SBM supplementation on juniper consumption by free grazing goats.
Forty goats were assigned to four pasture groups by breed and previous juniper intake, and
randomly allocated to either the treatment (supplementation) or control (no supplementation) in a
complete block design. Juniper intake was highest for goats supplemented with SBM (P = 0.03).

Experiment 1 (Pen Trial):

Feed treatments included a negative control (NC, no supplemental feed), corn (C), alfalfa
(A), and CSM. At the target rate, all animals were fed CP to 100% of maintenance protein
requirements (NRC 1981). Two breeds and two crossbreeds of goats received 4 feed
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treatments in a complete 4 x 4 Latin square design with four replications/treatment. Goat breeds
(4 animals/breed) were Angora (28.6 kg), Spanish (33.3 kg), Angora x Spanish (29.7 kg), and
Spanish x Boer (37.0 kg) for a total of 16 mature (> 2 yr old) nannies. Each trial was 12 d long,
with the first 10 d representing a preconditioning period. Each d, supplemental feed was offered
from 0800 to 1200 h. Fresh juniper foliage was harvested daily and goats were offered redberry
juniper ad libitum by attaching branches in each pen.

Experiment 2 (Grazing Trial)

Effects of a SBM supplement, goat breed, and propensity to graze juniper, on juniper intake
by free-grazing goats was investigated during a 16-d period in midwinter. Soybean meal was
used instead of CSM to prevent gossypol from possibly interacting with other allelochemicals
and affecting consumption of juniper. Percentage juniper in the diet of goats for calculating
genetic merit was estimated using near-infrared spectroscopy (NIRS) predictions of fecal
samples collected when they were free-grazing on juniper-infested pastures. Goats were
preconditioned to juniper by grazing on a 16-ha, juniper-infested pasture for a period exceeding
10 d before separating them into 4 pastures. Ten goats were assigned to each pasture by breed.
Animals were allocated to either the treatment (supplementation) or control (no supplementation)
for 4 d. Goats within a pasture grazed freely together but received supplementation individually.
For supplementation, goats were placed in individual stalls at 1000 h for a 3-h period and
released back to the pasture. Soybean meal was fed to half the animals at 0.33% BW/d.
Supplemental feeding rate was calculated to provide 0.24 g N/kg BW. After 4 d, fecal samples
for NIRS estimation of percentage juniper in the diet were collected manually at 1600 h.

Summary:

e |tis not apparent if feed intake data is presented on a DM or as-fed basis (not stated by the
authors). Compared to other trials related to fresh juniper leaf intake, juniper intake/kg of
BW data reported by the authors seems to suggest that it is on an as-fed basis; supported by
the fact that these authors have published other literature in which intake is reported on an as-
fed basis. However, assuming that authors reported juniper intake on a DM basis results in
the greater juniper consumption vs. if they the intake is actually reported on an as-fed basis
and is then converted to a DM basis. Thus, the following assumes that the intake data is
reported on a DM basis.

e Introduction section: authors state, “Researchers using pen studies measuring juniper intake
by ... goats have reported maximum intake values of 33.5% (6.7 g/kg BW) of diet
composition (Pritz et al., 1997).”

o Itis unclear how 33.5% of the diet was calculated, even if it was incorrectly calculated on an as-
fed basis.

e Introduction section: authors state, “Even though juniper species can represent an important
part of goat’s diets, the overall intake of juniper tends to be self-limited when juniper
consumption is higher than 30% of the diet (Pritz et al., 1997; Bisson et al., 2001; Straka et
al., 2004).”

0 The literature does not support this statement.

e Introduction section: authors state, “The restriction in juniper intake appears to be an attempt
to regulate consumption of monoterpenes and avoid negative postingestive consequences of
monoterpene exposure at higher levels.”

0 The literature does not support this statement; e.g. restricting juniper intake could be due to initial
sensory characteristics such as smell, taste, and texture and could be due to CT.
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Introduction section: authors state, “Toxic monoterpenes in juniper deter goat browsing of
juniper plants by reducing nutrient assimilation (Riddle et al., 1999)...”

(0]

The literature related to juniper leaf consumption does not seem to warrant the statement that the
monoterpenes in the juniper are “toxic.” For example, Riddle et al. (1999) report that N balance
was positive when blueberry juniper was consumed and at times, similar to the N balance of goats
that consumed coastal bermudagrass hay and no juniper. In addition, Riddle et al. (1999) did not
evaluate the correlation of DMI with nutrient assimilation and (2) authors stated that blueberry
juniper “is of sufficiently high quality to significantly contribute to the diets of grazing... animals
that have access to other forages and/or supplemental feeds.”

No negative effects on animal health were reported.

Trial 1 Results:
CP of juniper leaves assumed to be = 6.5%

(0]

e.g. [(0.777 g/kg BW)/(11.953 g/kg BW)*100]

Goats consumed (on average; authors’ Table 3) 11.95 + 10.2, 10.4 + 4.7, 6.52 £ 5.5, and 6.39 *
3.8 g/kg BW of juniper, respectively (assumed to be on a DM basis; not reported by the authors).
Thus, maximum juniper intake (DM basis) =

o
o

o
o
o

22.15 g/lkg BW [11.95 g/kg BW + 10.2] = 819.6 g of juniper [22.15 g/kg BW x 37 kg BW]
Average supplement intake/d = 3.507 g of supplement /kg of BW = [1.473 g/0.42 CP] = 129.8 g
of supplement [3.507 g/kg BW x 37 kg average BW]

Total DMI/d = [819.6 + 129.8] =949 g

Juniper intake as % of total diet = 86.4% [819.6 g/949) x 100]

Assume redberry juniper volatile oil concentration = 1.83% (Owens et al., 1998): then maximum
daily juniper volatile oil consumption =

15 g/d [819.6 g juniper x 0.0183] = 0.405 g/kg BW

Average juniper consumption (DM basis; authors’ Table 3) of the CSM treatment =

Juniper intake/d = 11.953 g juniper/kg of BW = 382.5 g [11.953 g/kg BW x 32 kg BW]
Supplement intake/d = 3.507 g supplement/kg BW = [1.473 g/0.42 CP] = 112.23 g [3.507 g/kg
BW x 32 kg average BW]

Total DMI/d = [382.5 + 112.23] = 497.73

Juniper intake as percentage of total diet = 77.3% [382.5/497.73) x 100]

Assume redberry juniper volatile oil concentration = 1.83% (Owens et al., 1998): then maximum
daily juniper volatile oil consumption =

7 g/d [382.5 g juniper x 0.0183] = 0.22 g/kg BW

Discussion: authors state, “This study showed that protein supplements increased juniper
consumption by goats.”

(0]

This conclusion is speculative considering that (1) goats in the negative control group were fed
only juniper and (2) goats in the corn group were fed only corn when juniper was offered. In the
Methods section, the authors report that “protein sources selected for this study reflected three
winter supplements commonly used to correct seasonal forage nutrient deficiencies.” In addition,
authors conclude the paper with, “The current study was designed to utilize and evaluate typical
winter supplementation practices ...” However, treatments in Trial 1 do not represent traditional
practices and do not represent a supplementation program because they were fed as the sole diet.

Discussion: Authors discuss high-protein diets affecting detoxification, etc.
0 The study was not designed to evaluate detoxification mechanisms; the main effects of the

treatment diets, as discussed by the authors, were probably mainly due to rumen physiology and
not toxicology.
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e Discussion: authors state, “Monoterpenes have the potential to exacerbate the negative
effects of a high starch diet. Oxygenated monoterpenes in sagebrush inhibited cellulolytic
bacteria populations in deer (Nagy and Tengerdy, 1968). In goats, VFA profiles of microbial
populations before and after dosing with juniper oil shifted, implying a decrease in
cellulolytic in favor of saccharolytic species (Straka et al., 2004).”

0 A reduction in cellulolytic and an increase in saccharolytic bacteria would actually be beneficial
when consuming a high starch diet. In addition, in a previous publication (Straka et al., 2004, p.
437), the author states, “Juniper consumption within 30% of diet may also result in a favorable
shift of VFA production towards lower acetate:propionate ratios, thus improving feed efficiency.”

0 Straka et al. (2004) was a review paper that makes a general inference related to effects of
terpenes on microbial species composition; they did not evaluate microbial species composition.

o0 Even though Nagy and Tengerdy (1968) make references related to a decrease in certain types of
bacteria, they state that “Identification of the microorganisms appearing in the rumen of deer was
not the objective of this investigation.” In addition, Nagy and Tengerdy (1968) evaluated the
effects of volatile oils and not specific oxygenated monoterpenes.

e Discussion: authors state, “When feed refusals were compared in order to compare gross
intake levels, the corn treatment group had the highest level of feed refusal. The most
plausible explanation for the decline in feed intake in this study was due to attempts by goats
to “*correct’” imbalances in the ruminal environment through their feeding behavior (Cooper
etal., 1996).”

0 This seems to contradict the paragraph preceding this statement (within the authors’ article).

Trial 2 Results:

e Greatest level of juniper intake was by supplemented high-consumer goats =
31.4% + 2.7% of diet

Riddle et al., 1999. Intake of Ashe juniper and live oak by Angora goats. J. Range Manage. 52:161—
165.

Paraphrased Abstract:

Angora mutton goats (BW = 40 kg) were fed diets of either live oak, alfalfa hay, Coastal
bermudagrass hay (CBH) or female blueberry juniper plus Coastal bermudagrass hay during the
spring and fall of 1991 in a digestion and metabolism study. Nitrogen concentration of CBH was
nearly equal to that of alfalfa hay; N concentration of the juniper and live oak were much lower
than those of the hays and higher in fall than spring. Average DMI and dietary N intake were
highest for alfalfa hay, intermediate for CBH, and lower for blueberry juniper and live oak.
Goats retained more N when consuming alfalfa and CBH than juniper or live oak during fall, but
differences were smaller (P > 0.10) during spring. Nitrogen balance was... positive for juniper
for spring and fall. During fall, DMI of juniper ... were significantly lower than alfalfa and
CBH. We conclude that both blueberry juniper... foliage can provide nutrients for goats but
only as portions of diets.
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Summary (all reported on a DM basis):
e Authors stated (Results/Discussion section; authors’ Table 1) that average juniper intake/goat

555 g/d, which was part of a total intake of 975 g/d per goat. Thus, juniper intake was
approximately 56.9% of total DMI.
e Maximum daily juniper consumption (authors’ Table 1) =
564 g juniper DM/d = [564 g juniper/40 kg BW] = 14.1 juniper intake/kg BW
e Assuming: 1 mL of oil =0.825 g; 3% volatile oil in the juniper leaves
0 Average daily volatile oil consumption = [555 x 0.03] = 16.65 g/d per goat = 0.42 g/kg BW
0 Maximum volatile oil consumption = [564 x 0.03] =16.92g per goat = 0.42 g/kg BW
e Summary/Management Implications section, authors stated: “... Pritz et al. (1997) reported
that N balance of goats may be negatively affected when substantial amounts of juniper are
consumed.”

0 As previously discussed in this proposal, “substantial amounts of juniper” were not consumed in
the cited study and the negative N balance reported Pritz et al. (1997) could have been due to
basal diet consumption, which was not reported.

e Authors also stated: “However, ashe juniper is of sufficiently high quality (i.e., 50% DMD)
to significantly contribute to the diets of grazing animals that have access to other forages
and/or supplemental feeds.”

Campbell et al., 2010. Pharmacokinetic differences in exposure to camphor after intraruminal dosing
in selectively bred lines of goats. J. Anim. Sci. 2620—2626.

Paraphrased Abstract and Methods:

A pharmacokinetic dosing study with camphor was used to determine whether selection lines
of high-juniper-consuming goats (HJC, n = 12) and low-juniper-consuming goats (LJC, n = 12)
differed in disposition kinetics. Post-dosing plasma camphor concentrations were used to
examine whether a timed single blood sample collected after intraruminal administration of
camphor would be a useful screening test to aid in the identification of HIC. Yearling female
goats (n = 24) received a single intraruminal dose of monoterpene cocktail (0.270 g/kg BW)
containing 4 different monoterpenes that represented their composition previously reported for
blueberry juniper. Camphor, the predominant monoterpene in blueberry juniper, was 49.6% of
the mix and was the monoterpene analyzed for this study. Blood samples were taken at 15 time
points after dosing and camphor was measured in plasma. Maximal plasma concentration of
camphor was greater for LJC than HJC (P = 0.01). Total systemic exposure (area under the
curve) to camphor was 5 times less in HJC goats. Conclusions: 1) HIC goats possess internal
mechanisms to reduce bioavailability of camphor, and 2) a blood sample taken at 45 min or at 60
min after intraruminal administration of camphor may be useful for identifying HJC individual
animals from within large populations of goats.

e Methods: Authors state, “The dose was chosen to represent the concentration and
composition of monoterpenes present in blueberry juniper leaves (Riddle et al., 1996)... The
dose was chosen to be biologically relevant to the monoterpene concentration present in a
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diet of 30% juniper, which is a quantity of intake identified through previous research as

eliciting differences in juniper intake between breeding groups (Campbell et al., 2007).

o0 Comment: It is unclear how 30% juniper intake was calculated from data presented by Riddle et
al. (1996). Others have shown that maximum intake can exceed 56% of DM (Riddle et al., 1999).

0 Comment: Campbell et al. (2007): During Trial 1 (pen trial), intake by breed did not differ and
juniper DMI, on a DM basis and as a percentage of the total diet was 77.3%. During Trial 2,
maximum juniper intake as percentage of total diet was 31.4%, but breed differences were not
apparent.

Methods: Authors reported that the volatile oil dose “provided (0.270 g/kg BW).”

o Comment: If the volatile oil content in J. ashei = 2.15% (DM basis; Owens et al., 1998), then
daily consumption of J. ashei leaves (as % of DMI) by a 23.64-kg goat would have to be =
296.87 g/goat [(0.27 g oil/kg BW x 23.64 kg BW)/0.0215] = 12.56 g/kg BW [296.87/23.64]

*Assuming total daily DMI of this 23.64-kg goat = 591 g [0.25 BW x 23.64 kg BW x 1000
g], then % juniper in diet = 50.2% (DM basis) [(296.87/591) x 100]

o Comment: If volatile oil content in J. pinchotii = 1.83% (DM basis; Owens et al., 1998), then
daily consumption of J. pinchotii leaves (as % of DMI) by a 23.64-kg goat would have to be =
348.8 g [(0.27 g oil/kg BW x 23.64 kg BW)/0.0183] = 14.76 g/kg BW [348.8/23.64]

*Assuming total daily DMI of this 23.64-kg goat = 591 g [0.25 BW x 23.64 kg BW x 1000
g], then % juniper in the diet = 59% (DM basis) [(348.8/591) x 100]

Discussion: Authors state, “Anti-herbivory properties of monoterpenes in juniper appear to

be associated with negative postingestive consequences specifically related to central nervous

system triggers for cessation of feeding behavior or satiety.

o Comment: As reported in this proposal, the link between juniper consumption and post-ingestive
consequences is not substantiated.

Discussion: Authors state, “Monoterpenes have been identified as initiating satiety-based

feeding cessation in ... and domestic sheep (Dziba et al., 2006)

0 Comment: Cessation is defined as “the stopping of an action.” Dziba et al. (2006) reported that
during the first week of the trial, average feeding time was less for lambs dosed with 1,8-cineole
vs. lambs not dosed; however, lambs were only observed for 1 hr immediately after ruminal
dosing with 1,8-cineole dose, which does not represent “feeding cessation.” During the second
week of the trial, DMI was not different among the lambs. In addition, the control animals in
Dziba et al. (2006) were not dosed at all (not even with water) because they stated that “we
expected no effect of vegetable oil on feeding behavior based on results of Dziba and Provenza
(2006). Two issues arise from not dosing the control animals: 1) handling and dosing livestock
can affect behavior and feed intake, especially within the first hour of observation and 2) Dziba
and Provenza (2006) did not evaluate effects of dosing vs. not dosing with vegetable oil on DMI.

o0 Comment: It should also be noted that J. ashei and J. pinchotii contain very little to no 1,8-
cineole (Adams, 2011).

o0 Comment: It should also be noted that Dziba et al. (2006) stated that the rumen was dosed with
1,8-cineole (vegetable oil was the carrier), which provided 125 mg of 1,8-cineole/kg BW.
However, this dose was actually 156.3 mg of 1,8-cineole/kg of BW [0.625 mg solution/kg BW x
250 mg of 1,8-cineole/ml solution]. This ruminal dose is between the low and medium doses of
135 and 190 mg of 1,8-cineole/kg of BW evaluated by Dziba and Provenza (2006), which did not
result in feeding cessation. Intake of diets dosed with 4 terpene compounds decreased, but intake
of diets that did not contain terpenes also decreased.

0 Comment: The “medium dose” evaluated by Dziba and Provenza (2006) resulted in 9.35 g of 1,8-
cineole being consumed (within a given day). Assuming that sagebrush leaves contained between
0.310 1.1% 1,8-cineole (DM basis; Personius et al., 1987), grazing lambs (BW = 49 kg) would
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have to consume 3,117 g to 850 g of sagebrush leaves/d [DM basis; 9.35/0.003 or 9.35/0.011],
respectively, which is impossible.

Discussion: Authors state, “In retrospect, reducing absorption rather than increasing

elimination could be a more adaptive response because monoterpenes in juniper cause mild

hepatic injury in the form of lipid vacuolation at small dosages (0.18 g oil/kg of BW) and

hepatic cellular necrosis at greater dosages (0.36 g oil’lkg BW; Straka, 2000).

o Comment: As reported in this proposal, the Straka (2000) did not use control animals, thus there
is no way to determine if juniper or some other factor caused hepatic insult.

Discussion: Authors state, “Macronutrient intake and BC can affect disposition of

phytotoxins in livestock such as ...monoterpenes in goats (Campbell et al., 2007; Frost,

2005).

0 Comment: Results from Campbell et al. (2007) do not support this statement because: 1) goats in
the negative control group were fed only juniper and 2) goats in the corn treatment group were
fed only corn when juniper was offered.

o0 Comment: Discussion: Authors discuss high-protein diets affecting detoxification, etc.; however,
the study was not designed to evaluate detoxification mechanisms.

No adverse effects on animal health were reported when dosed with 0.27 g of terpenes/kg of

BW.
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Table 12. Secondary compound composition of approved ruminant animal
feed ingredients’

Item Aspen Leaves® CSH®  SL Hay*
Extractable CT, % 3.26°
Protein-bound CT, % 2.19%
Fiber-bound CT, % 0.18?
2.4t07.9%4.7 t0 13.6"; 11
to 30; 6 to 20%; max of 4.06%
35%'; 7.6™; 5.4™ 0.7° 10.7"; 6.5°"
Total CT, % 5.65"; 5 to 22¢ 5.64% 4.4 to18.1"

Total oil, mg/g DM
Total oil, % of DM
'Source of data: * = Whitney and Muir (2010); ® = Hawkins (1955); " = Erwin
et al. (2001); ' = Mansfield et al., 1999; ! = Stevens et al. (2007); © = Stevens and
Lindroth (2005); ' = Schweitzer et al. (2008; a review paper); ™ = Schimel et al.
(1996); " = Bailey et al. (2007) ; ° = McWilliam (2004);” = Haikio et al. (2009);
= Kosonen et al. (2012); " = Chafton (2006); * = Moore et al. (2008); ' = Terrill et
al. (2007);" = Terrill et al. (1989).
2Aspen leaves; Erwin et al. (2001) evaluated fresh leaves and Bailey et al.
(2007) evaluated terminal twigs and leaves.
%CSH = cottonseed hulls.
*SL = Sericea lespedeza.
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Table 13. Maximum intake (DM basis) of various plant species, volatile oil, and CT by ruminant livestock when
not mixed with other ingredients’

Plant, as Max Max plant Max Max volatile Max CT
BW, % of total plant DMI, g/kg  volatile oil  oil intake, Max CT intake, g/kg

2 Animal kg Plant Plant description daily DMI  DMI, g/d BW intake, g/d  g/kg BW intake, g/d® BW?
a Goat 50" redberry  fresh leaves - 12.8 0.26" 0.25 0.005 0.70" 0.017
Goat 50°  blueberry fresh leaves - 35.4 0.71 0.53 0.017 1.93 0.04"

b Goat 13.6° redberry  volatile oil oral dose - - - 2.47 0.181 - -
13.6° redberry  fresh leaves 12.4 48.3 355 0.97 0.07 2.64 0.19"

c Goat 40 blueberry  fresh leaves 56.9 564 14.1 16.92 0.42 30.79° 0.77
d Goat 15  redberry  fresh leaves 207 45 3 0.82 0.055 2.46 0.16"
Goat 29  redberry fresh leaves 32.6" 87 3 1.59 0.055 475" 0.16"
Goat 15  blueberry fresh leaves 49.7° 1725 115 3.72 0.248 9.42" 0.63"
Goat 29  blueberry fresh leaves 65.6" 333.5 115 7.17 0.248 18.2" 0.63"

e Goat 30 redberry fresh leaves 19.8 100 3.35 1.83 0.061" 5.46" 0.18"
f Goat 20  redberry  fresh leaves 23.6 94.7 4.74 1.73 0.087" 517 0.26"
g Goat 37  redberry fresh leaves 86.4° 819.6° 22.15 15~ 0.405 44,75 1.217
h Goat 25.3 redberry  fresh leaves 34.6 240.4 9.5 4.4 0.23 13.13" 0.52"
i Goat 29.2 redberry  fresh leaves 3.48" 18.98 0.65 0.35° 0.012 1.047 0.04"
j Goat 54.1 redberry  fresh leaves 5.26~ 54.1 1" 0.24” 0.005 2.95 0.06"
k Goat 23.6  redberry  fresh leaves 95 53.1 2.25 0.97 0.04” 2.90° 0.12"
| Lamb 31.8 redberry  fresh leaves 16.93" 87.5 2.75 1.6 0.05" 478 0.15"
m Goat 23.6  redberry  volatile oil oral dose 59 348.8 14.8 6.38 0.27 19.0° 0.81"

'Data marked with * was calculated from the authors’ data and other references; not explicitly stated by the authors. Al
data are reported on a DM basis.

2Source of data: ® = Riddle et al. (1996); ° = Pritz et al. (1997); © = Riddle et al. (1999); °= Bisson et al. (2001); ¢ = Ellis et al.
(2005); " = Dunson et al. (2007); ¢ = Campbell et al. (2007);" = Frost et al. (2008); ' = Dietz et al. (2010); ' = Owens et al. (2010); % =
George et al. (2010);' = Anderson et al. (2013); ™ = Campbell et al. (2010).

*CT intake was not reported by these authors, thus CT was calculated by assuming that the juniper leaves contained 5.46% CT
(DM basis; Whitney and Muir, 2010).
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Table 14. Maximum intake (DM basis) of plant species, volatile oil, and CT by ruminant livestock when consuming total mixed diets®

Plant, as Max Max plant Max Max volatile  Max CT Max CT
BW, % of total plant DMI, g/kg  volatile oil  oil intake, intake, intake, g/kg
2 Animal kg Plant® Plant description daily DMI  DMI, g/d of BW intake, g/d g/kg BW g/d of BW
ground small stems
a_ Lamb 30 redberry and leaves 36 367 12.2 1.12 0.037 229" 0.76"
ground small stems
b Lamb 22.3"  redberry and leaves 30 273 12.24" 0.546" 0.02” 19.2 0.86"
¢ Ewe 84.2  redberry ground tree 19.4 463.3 5.5 6.18 0.07 19.57 0.23
ground small stems
d Lamb 475 redberry and leaves 50 89 1.87 0.383" 0.008" 488" 0.103"
e Lamb 30 redberry leaves 30 357 11.9 1.86 0.06 52.4 1.75
f Lamb 55 one-seed leaves 20.7 200.2 3.64 4.36" 0.079" 11.85 0.215"
g Goat 235 ERC leaves 22.6 84 3.57 0.719 0.03
h Lamb 25" Populus sawdust 10 84" 3.36
i Cow 635 Populus sawdust 32 4,830 7.6
j Cow 635 Populus sawdust 30 5,320 8.38
k Steer 378  Quercus sawdust 50 4,500 11.9
Steer 252  Populus sawdust 50 1,230 4.9
I Cow 595  Populus ground stems/trees 30 5,820 9.77
m Cattle 400  Populus ground stems/trees 42 2,520 6.3
Sheep - Populus ground stems/trees 42 - -
n Calf 204  Prosopis ground stems 52.2 2,570 12.6
Steer 293  Prosopis ground stems 46 4,280 14.6
Steer 396  Prosopis ground stems 50.6 6,850 17.3
0 Cow 800"  Prosopis ground stems 88 7,260 9.1
Heifer 270.2 Pinus sawdust 15 989 3.66

'Data marked with * is calculated from data from other references and/or personal experience. All data are reported on a DM basis.

’Source of data: * = Whitney et al. (2014); ® = Whitney et al. (2013); © = Stewart et al. (unpublished data); ¢ = Whitney et al. (2011); ® = Whitney
and Muir (2010); " = Giacomini et al. (2006); ? = Animut et al. (2004); " = Dinius et al. (1970); ' = Satter et al. (1970); ' = Satter et al. (1973); * =
Dinius and Williams (1975); ' = Schingoethe et al. (1981); ™ = Mathison et al. (1986); " = Marion (1959); ° = Ellis (1969); P = Slyter and Kamstra
(1974).

*Redberry = redberry juniper/J. pinchotii; one-seed = one-seed juniper/J. monosperma; ERC = eastern red cedar.
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9.4 Risks related to human consumption of the animal products

A thorough review of the literature showed that the maximum probably consumption of meat
or milk products from animals that have consumed diets containing ground juniper (as described
in this proposal) does not pose any known or extraordinary risk to the human consumer of those
products. This conclusion is based upon the following: (1) humans commonly consume products
that are derived from animals that have consumed various approved feed ingredients that contain
equal, to greater concentrations of CT and volatile oil than what has been reported in J. pinchotii
and J. ashei; (2) CT and volatile oil consumed by the ruminant animal are rapidly digested,
eructated, bio-transformed (e.g. in liver and gut wall), and excreted before they can be deposited
into animal products; and (3) the following have GRAS status and are either contained within the
proposed feed ingredient or contain 1 or more of the same chemical constituents (see FDA
GRAS Sections 582.1 [ex. basil, clover, oregano, sage]; 582.2 [ex. Cascarilla bark, Cassia bark,
basil, hickory bark, juniper berries]; 582.6 [ex. limonene]); and 582.1033 [citric acid].

Condensed tannins:

Manach et al. (2005) published a thorough review on the bioavailability of CT, which
supports the fact that consumption of products from animals that have consumed diets with CT
poses no known health risk to humans. The International Agency for Research on Cancer
(IARC) lists CT as a Group 3 carcinogen, which is “not classifiable as to its carcinogenicity to
humans” and “evidence for carcinogenicity is inadequate in humans and inadequate or limited in
experimental animals.” Condensed tannins are poorly (or not at all) absorbed in chickens
(Jimenez-Ramsey et al., 1994) or sheep (Terrill et al., 1994) and as discussed in a review by
Manach et al. (2005), polymeric CT are not absorbed through the human Gl tract; thus it would
be expected that accumulation in the muscle be “minuscule.” Manach et al. (2005) also state that
Spencer et al. (2000), “suggested that polymers could be degraded into monomers during their
transit in the stomach. However, Rios et al. (2002) clearly demonstrated that this does not occur
in humans...” Furthermore, human’s readily consume CT on a daily basis in a wide variety of
food products that are considered safe and even beneficial to human health (Manach et al., 2005;
McRae and Kennedy, 2011).

Volatile oil:

Cluff et al. (1982) reported that monoterpenoids in the rumen of mule deer were 80% less
than what would be expected from the consumption of sagebrush and attribute differences
between in vitro trials showing that monoterpenes inhibit rumen microorganisms vs. trials which
report that “big sagebrush is a highly digestible winter forage.” Welch and Pederson (1981)
reported that the digestibility of big sagebrush was as great as 64.8% and also predicted that
monoterpenoids are lost from the rumen. These authors also reported, “This hypothesis is based
on our observations that a-pinene was lost from the in vitro digestion tubes and that camphor
formed a condensated ring ... above the surface of the in vitro digestion solution. The force that
drove these compounds out of the digestion solution was heat. Apparently 38.5°C, which is
close to the normal body temperature of mule deer, is sufficient to volatilize the monoterpenoids
(Moen, 1973, in Welch and Pederson, 1981).” Furthermore, White et al. (1982) reported that
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77% of the monoterpenoids from sagebrush were lost “in the stomach contents of ... rabbits...”

and that this was due to the volatilization of monoterpenoids during mastication and ingestion.
Malecky and Broudiscou (2009) also reported that specific terpenes are rapidly and readily

degraded by rumen microflora; out of the 9 terpenes studied, 7 terpenes were over 75% digested
and 3 were over 90% digested within the first 6 hr of incubation. Even though digestibility of
terpenes in an in vitro system differ greatly than in the animal, numerous studies have reported
that terpenes are readily degraded by rumen microorganisms (Chizzola et al., 2004; Broudiscou,
et al., 2007; Malecky et al., 2009). Furthermore, the likelihood of volatile oil (terpenes) being
deposited in ruminant animal products and consumed by humans is further decreased due to:

(1) The proposed ingredient will more than likely not be fed within 24 hr of harvesting, thus
volatile oil concentrations will decline due to air and/or mechanical drying (Utsumi et al.,
2006; Adams, 2010; Whitney et al., 2010);

(2) The majority of meat and milk products are cooked or pasteurized, respectively, which will
further volatilize terpenes and reduce human consumption;

(3) When consumed by humans, additional terpenes are lost through mastication and digestion.

Ruminant animals regularly consume terpenes while grazing because numerous plant species
contain volatile oils, e.g., terpenes (Mariaca et al., 1997; Prache et al., 2005). Even though very
little volatile oil constituents are deposited in animal products, it is not uncommon (reviews;
Prache et al., 2005). However, terpenes in animal products has not resulted in any known health
risks to humans. Terpenes can be transferred into milk (Fernandez et al., 2003; Favaro et al.,
2005; Viallon et al., 2000; Tornambé et al., 2006; Poulopoulou et al., 2012; Vasta et al., 2012)
and eventually cheese (Dumont and Adda, 1978; Viallon et al., 1999; Caprino et al., 2004);
however, at a very low level. Abilleira et al. (2011) reported a maximum of 377 pg/kg (x 393)
of raw milk in grazing ewes and that only 9 monoterpenes and 3 sesquiterpenes were identified.
In a review by Morand-Fehr et al. (2007) they reported a maximum of 480 ug monoterpenes/kg
of milk and 1,200 ug sesquiterpenes/kg of milk.

Serrano et al. (2007) stated, “The daily [volatile oil] dose administered in the present
experiment was 5-fold higher...” however, this “did not result in a drastic enrichment [of
terpenes] in their tissues...”. In a review by Vasta and Priolo (2006), they stated,

“Terpenoid molecules represent a small percentage of all the volatile compounds
of ruminant meat. ... their [terpene] presence in ruminant meat or in dairy
products can be considered as an indicator of green forage diets. The suggested
source of some terpenes (phytane, phyt-1-ene, phyt-2-ene, neophytadiene) is
through decomposition of chlorophyll by rumen microorganisms (Body, 1977). A
number of studies reported that these terpenoid compounds were present at
higher levels in the tissue of animals allowed to graze (Larick et al., 1987; Maruri
and Larick, 1992; Suzuky and Bailey, 1985; Young et al., 1997) ... Elmore et al.
(2002) found phyt-2-ene and 1-phytene at much higher levels in the muscle of
cattle fed grass silage, compared to concentrate-fed animals. It is known that
some terpenoid compounds (mono- and sesquiterpenes) are directly transferred
from grass to animal tissue. Priolo et al. (2004) found that b-cariophyllene
detected in lamb perirenal fat could allow the perfect discrimination between
animals raised on pasture and those fed a grain-based diet...”

Vasta and Priolo (2006) reviewed numerous publications and reported (authors” Table 1) that
maximum concentrations of phyt-1-ene, phyt-2-ene, and neophytadiene detected in subcutaneous
fat of ruminant animals (sheep and/or cattle) was reported to be 18.51 ppm (= 0.00185%), 38.4
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ppm, and 15.4 ppm respectively. Furthermore, Serrano et al. (2011) stated, “Most of the
terpenes for which significant differences were observed between diets were not detected or of
low concentration in the fat of calves ...”

Human’s consume volatile oil constituents (e.g. terpenes) on a daily basis in a wide variety of
food products that are considered safe by FDA, e.g. orange, lemon, mandarin, lime, grapefruit,
and wine (Bernhard and Marr., 1960; Bagchi et al., 2000; Mateo and Jiménez, 2000; Sanchez-
Moreno et al., 2003; USDA, 2004). Furthermore, even though this proposal is not claiming that
ground juniper can be used in ruminant diets to increase human health, it should also be noted
that numerous studies and reviews have reported that terpenes and CT are (or have potential to
be) beneficial to human health (reviews by: Dillard and German, 2000; Parr and Bowell, 2000;
Mittal, et al., 2003; Crozier et al., 2006; Humphrey and Beale, 2006; Lans et al., 2007; Bhalla et
al., 2013). In addition, spraying volatile oils onto meat products has been reported to enhance
shelf life by reducing aerobic bacteria counts (Viuda-Martos et al., 2010; Hyldgaard et al., 2012).
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10. How to ensure the safety of ingredient

As with all feed ingredients, during harvesting, chipping, and transporting the ingredient, care
should be taken to:

(1) Ensure that other plant species are not processed along with the juniper material. This
requires selective harvesting of the target plant and cleaning equipment of debris;

(2) Ensure that only the aerial portion of the tree is processed to eliminate roots, soil, and
rocks;

(3) Ensure that the juniper trees have not been directly or indirectly subjected to herbicide or
pesticide treatment. If indirect contact is in doubt, then: a) follow herbicide or pesticide
label regarding grazing or animal feeding restrictions; b) do not harvest the juniper trees
for use as an animal feed ingredient; and/or c) analyze samples of leaf and/or processed
material for potential residues;

(4) Use best management practices to eliminate mold and foreign contamination during
storage.
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11. Proposed Labeling

Suggested IFN categories:
a. Ground redberry/blueberry juniper
b. Dehydrated ground redberry/blueberry juniper

Product Name”: Ground redberry or blueberry juniper

Product Name: Ground redberry or blueberry juniper, dehydrated

Purpose Statement:  To be used as a dietary roughage component of any class of ruminant
animal in any stage of animal production.

Guaranteed Analysis* Ash (maximum), 12%

Feeding Directions:  The ingredient should be ground through a screen with holes not greater
than 5/8” (1.59 cm) in diameter.

“Note: Ground redberry or blueberry juniper should be classified as a “roughage product.”
*If ash > 12%, the words “sand and/or dirt” must appear in the product name. If the ground

juniper is mechanically dried, it should be labeled as “Dehydrated Ground Redberry/Blueberry
Juniper.”
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