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HOP ACDS AS AREPLACEMENT FOR 
ANTIBOTCS IN ANIMAL FEED 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. provisional 
patent application Ser. No. 60/413,246, entitled HOPACIDS 
AS AREPLACEMTN EFOR ANTIEBIOTICS IN ANIMAL 
FEED, filed 23 Sep. 2002. 

BACKGROUND OF THE INVENTION 

0002 The present invention is directed to an organic food 
Supplement and an animal feed. In particular, the invention 
is directed at replacing antibiotics in animal feed with hop 
acids. 

0003 Livestock, such as cattle, chickens, and pigs, are 
fed some of the cheapest foodstuffs that farmers can pur 
chase. Animals that graZe and eat low quality feed are 
Subject to a diet contaminated with bacteria and protozoa. 
The rumen of farm animals is a complex system composed 
of a variety of bacteria and protozoa. Most of the gram 
negative bacteria are beneficial to food and energy uptake, 
commonly referred to as 'good” bacteria and protozoa, 
while gram-positive bacteria and protozoa reduce food and 
energy uptake, commonly referred to as “bad” bacteria and 
protozoa. Antibiotics in animal feed can kill bacteria and 
protozoa which negatively impact animal growth. However, 
high levels of antibiotics can sterilize the rumen causing the 
animal to become sick, and in Some cases, die. Therefore, 
very low levels of antibiotics are used to control harmful 
bacteria in the rumen. 

0004 High levels of microorganisms within the animals 
digestive track can reduce food intake efficiency and cause 
the animal to become sick and even die. Inefficient utiliza 
tion of feed also adversely effects the environment by 
increasing production of animal waste products containing 
high nitrate levels and increasing animal methane emission. 
Horses and Zoological animals also experience digestive 
disorders due to bacteria and protozoa infection. 
0005 Ionophores are a class of antibiotics commonly 
used in animal feed. Ionophores are polyether antibiotics 
that transportions across biological membranes. Ionophores 
are molecules which have several oxygen atoms spaced 
throughout the molecule. The positions of the oxygen atoms 
create a cavity that can entrap cations. Ionophores have polar 
and non-polar regions that enhance cation entrapment and 
interaction with bacteria cell membranes. Ionophores are 
effective against gram-positive bacteria and protozoa but not 
gram-negative bacteria. By killing or controlling the growth 
of these microorganisms, animal feed efficiency and the 
health and well being of the animals can be improved. 
0006. Many people desire the ability to purchase and 
consume organic meat and poultry products. For example, 
Europe heavily regulates the sale, use and importation of 
non-organic meat and poultry products. Meat and poultry 
products containing antibiotics are not considered organic 
products. The use of ionophores in animal feed causes the 
meat from those animals to be considered non-organic. 
There is a strong desire to discover alternatives to antibiotics 
which can be used in animal feed. These and other limita 
tions and problems of the past are solved by the present 
invention. 
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BRIEF SUMMARY OF THE INVENTION 

0007. A composition and a method of using hop acids as 
an organic food Supplement is shown and described. 
0008. A method of using hop acids as an organic food 
Supplement for livestock is described including delivering 
the hop acids for oral ingestion by mixing the acids with 
livestock feed. The acids are mixed with the feed in an 
amount to inhibit certain types of undesirable bacteria in the 
livestock's digestive system. In one aspect, the amount of 
hop acid to inhibit certain types of undesirable bacteria in the 
animal's digestive system is from about 1 ppm to about 30 
ppm. The composition and method described allows for the 
production of antibiotic free livestock. 
0009. The invention will best be understood by reference 
to the following detailed description of the preferred 
embodiment. The discussion below is descriptive, illustra 
tive and exemplary and is not to be taken as limiting the 
Scope defined by any appended claims. 

DETAILED DESCRIPTION OF THE BEST 
MODE 

0010 The hop plant, Humulus lupulus, produces organic 
acids known as alpha acids (humulone) and beta acids 
(lupulone). These hop acids include but are not limited to 
alpha acids and beta acids but also their isomerized forms, 
reduced forms and salts. Beta acids include lupulone, colu 
pulone, adlupulone as well as other analogs. Alpha acids 
include humulone, cohumulone, adhumulone, posthumu 
lone, and prehumulone, as well as other analogs. They 
consist of a complex hexagonal molecule with several side 
chains, with ketone and alcohol groups. Each different 
humulone differs in the make-up of the side chain. Alpha 
acids are known to isomerize when exposed to heat to form 
isoalpha acids. Isoalpha acids and its reduced forms, namely 
rho-isoalpha acids, tetrahydroisoalpha acids and hexahy 
droisoalpha acids are hop acids commonly used to flavor 
beer. 

0011 Ionophore antibiotics are effective at killing and 
inhibiting the growth of many gram-positive bacteria and 
protozoa but not gram-negative bacteria. Like ionophore 
antibiotics, hop acids are also known to be effective at 
killing and inhibiting the growth of gram-positive bacteria 
and protozoa but not gram-negative bacteria. U.S. Pat. No. 
6,379,720 discloses that beta acids are known to kill and 
inhibit the growth of algae. U.S. Pat. No. 6,352,756 and U.S. 
Pat. No. 6,423.317 disclose that some hop acids such as 
alpha acids, beta acids, isoalpha acids and tetrahydroisoal 
pha acids are known to kill protozoa commonly found in 
rivers and lakes. Algae and protozoa are in the same king 
dom, Protoctista, and both are unicellular organisms. Both 
ionophores and hop acids work by disrupting the pH levels 
within a bacteria cell eventually causing it to stop growing 
or die. Hop acids are also known to have a polar and a 
non-polar region and are very good at trapping cations. 
0012. The major gas excreted by farm animals is carbon 
dioxide (CO), which is a fully oxidized carbon source. 
Methane (CH) an unoxidized carbon source is considered 
lost energy to the farm animal and is an environmental 
pollutant. It is estimated that about 2-12% of farm animal 
energy is lost due to methane gas excretion. As a result of 
this lost energy, the cost for feeding animals is increased. It 



US 2006/0269.588 A1 

is believed that farm animals are responsible for about 
15-20% of the methane found in the atmosphere. This 
increase in methane is responsible in part for global warm 
ing which negatively impacts the environment. 

0013 The introduction of low levels of beta acid, alpha 
acids, isomerized and reduced alpha acids into an artificial 
rumen shows positive effects in barley and corn (starch) 
fermentation and alfalfa (fiber) fermentation. Beta acids as 
low as 2 ppm increased propionate levels in barley fermen 
tation by 97% and 56% in alfalfa fermentation. An increase 
in propionate concentration is significant since propionate 
makes-up about 50% of the carbon source used by animals 
for growth. 

0014. Also, a beta acid concentration of 2 ppm in the 
artificial rumen caused a reduction in butyrate levels by 84% 
in barley and 35% in alfalfa. Butyrate is an intermediate 
toward the production of methane. Reduction of butyrate 
means a reduction in methane. The reduction in methane 
provides the added benefit of helping the environment by 
reducing greenhouse gas emissions. Bacterial purine assay 
shows a 60% reduction in bacteria content in barley fer 
mentation. Overall, beta acids significantly enhanced the 
carbon Source build-up via propionate and increased energy 
uptake by the animal by reducing butyrate production. 

0015. In another embodiment, hop acids may be added to 
nutritional Supplements for livestock animals. The following 
test procedures were utilized in each of the in vitro examples 
set forth herein. Barley and alfalfa feeds were fermented in 
an artificial gut using rumenal fluid containing a bacterial 
mixture commonly found in cattle. The rumen is made-up of 
a complex mixture of bacteria and protozoa. Gram negative 
bacteria are generally considered beneficial since they con 
tribute to the break-down of cellulose into compounds 
beneficial for animal growth and energy. Gram positive 
bacteria and protozoa are generally not beneficial since their 
digestive byproducts are not beneficial to the animal. The 
gram positive organisms that need to be controlled include 
Ruminococcus albus, R. flavefaciens and Butyrivibrio fibri 
solvens. Controlling these micro-organisms has the benefi 
cial effect of decreasing fermentation thus allowing more 
energy nutrients to go to the animal. Controlling the bacte 
rium Methanobacterium ruminatium reduces the conversion 
of H2 to methane gas. Controlling the various species of 
Streptococci and Lactobacilli also reduce the undesirable 
use of H and allows more to be used in the desirable 
formation of propionate. Proprionate is largely responsible 
for animal growth. Isotricha and Entodini are two protozoa 
which commonly infect the rumin. Again they take away 
energy and nutrients from the farm animal. During the 
fermentation, “good” and “bad” bacteria were allowed to 
compete for starch and fiber within these two feeds. Fer 
mentations with low levels of alpha acids, beta acid, isoal 
pha acids, rho-isoalpha acids, tetrahydro-isoalpha acids and 
hexahydro-isoalpha acids were tested as well as a control 
that contained no hop acids. After rumenal fermentation was 
completed, end products were assayed to determine the 
effects of these hop acids. 

EXAMPLE 1. 

0016 Table 1 shows that as little as 1.25 ppm of beta acid 
reduces gas production by about 40% in Barley and 30% in 
Alfalfa. Slow gas production rates generally mean the rumen 
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is converting more of the valuable foodstuffs into energy and 
carbon for animal growth. High gas production rates usually 
means higher levels of methane in the gas, thus low food and 
low energy uptake. In Table 1 below, SE means standard 
eO. 

TABLE 1. 

In Vitro Gas Production 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Barley 

Rate of Production 9.1 9.1 8.9 8.6 O.1 

%r 

Total Gas, mL/72 h 404.3 242.3 273.0 265.2 8.0 
Alfalfa 

Rate of Production 96.hr 9.1 8.9 8.8 8.8 O.O 

Total Gas, mL/72 h 431.3 312.7 303.0 3O8.3 5.2 

EXAMPLE 2 

0017 Table 2 shows the amount of fiber in barley and 
alfalfa feed. This test method is used to measure fiber in 
feed. The fiber is generally cellulose, hemicellulose and 
ligan. 

TABLE 2 

In Vitro Substrate Disappearance 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Barley 
Disappearance, 96 

Dry Matter 68.2 60.3 64.8 59.8 O.9 
Starch 87.8 75.0 82.4 77.6 0.7 
Alfalfa 

Dry Matter 51.9 47.2 44.6 42.8 O.6 
NDF 32.O 28.4 40.O 25.6 O.9 

NDF = Neutral Detergent Fiber. 

EXAMPLE 3 

0018. In example 3, lactate was shown to be an end 
product of in vitro fermentation of barley and alfalfa with 
beta acids. Table 3 shows an increase in lactate in the 
artificial rumen. Lactate is an intermediate in the formation 
of propionate. One concern with increasing lactate levels is 
a drop in pH. Lactate is a fairly strong acid and low pHs in 
the rumen reduces food and energy uptake. In this example, 
the fact that the pH did not drop was an unexpected benefit. 
The beta acids are able to control harmful bacteria, thus 
allowing the formation of more lactate, an intermediate for 
the production of propionate. 
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TABLE 3 

End Products of In Vitro Fermentation 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Barley 

pH S.1 4.9 4.9 4.9 O.O 
Lactate g/mL 82.9 317 319 257 19.1 
Alfalfa 

pH S.6 6.0 5.9 5.8 O.O 
Lactate g/mL 22.8 26.1 27.7 30.6 3.2 

EXAMPLE 4 

0019. In Example 4, barley was allowed to ferment in an 
artificial gut to which 1.25 ppm, 2.5 ppm or 3.75 ppm of beta 
acids were added and the volatile fatty acid end products of 
the in vitro fermentation of barley were measured. Beta 
acids are effective at killing and inhibiting the growth of 
gram-positive bacteria and protozoa but not gram-negative 
bacteria. Since acetate is formed by the gram-negative 
bacteria, B. ruminicola, it is not expected that beta acids 
would control the formation of acetate. However, a slight 
reduction in acetate levels is expected if propionate levels 
increase. Table 4 clearly shows that beta acids aid in the 
formation of propionate. As the amount of beta acid 
increases in the synthetic gut, the amount of proprionate 
increases. A 97% increased in propionate concentration is a 
very significant and positive increase since propionate leads 
to animal growth. An 84% reduction in butyrate is also very 
good since butyrate is eventually broken down by the 
gram-positive bacteria, Methanobacterium ruminantin, into 
methane, which is lost energy. Thus it appears beta acids are 
controlling the gram-positive bacteria Ruminococcus albus, 
R. Flavefaciens, Butyrivirio fibrisolvens, which are respon 
sible for butyrate production. The results in table 4 show an 
increase in propionate (carbon Source) and a decrease in 
butyrate, which results in lost energy to the farm animal. 

TABLE 4 

End Products of In Vitro Fermentation-Barley 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Total VFA 213.8 146.0 195.5 1888 3.8 
Imol/mL. 
Acetate 36.3 53.4 44.3 40.2 0.7 
Propionate 25.9 36.3 50.7 51.2 O.S 
Butyrate 3S.O 8.3 S.6 5.7 O.6 
moles 100 moles 

EXAMPLE 5 

0020. In Example 5, alfalfa was allowed to ferment in an 
artificial gut to which 1.25 ppm, 2.5 ppm or 3.75 ppm of beta 
acids were added and the volatile fatty acid end products of 
the in vitro fermentation of alfalfa were measured. As in 
Example 4, it is not expected that beta acids would control 
the formation of acetate, which is formed by gram-negative 
bacteria. Yet, as the acetate levels decrease, table 5 shows 
that 1.25-2.5 ppm of beta acids is responsible for a 56% 
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increase in propionate production. Butyrate levels are also 
reduced by 35%. Consequently, methane emission is 
reduced, energy efficiency is enhanced, and animal growth 
is increased. In Table 1 below, SE means standard error. 

TABLE 5 

End Products of In Vitro Fermentation-Alfalfa 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Total VFA 232.5 2O6.9 1982 204.7 6.7 
Imol/mL. 
Acetate 61.4 52.7 52.4 514 O.3 
Propionate 24.3 36.7 38.6 38.8 0.4 
Butyrate 10.1 7.9 6.5 6.4 O2 
moles 100 moles 

EXAMPLE 6 

0021. As shown in Table 6, beta acids significantly 
decrease protozoa such as isotrichia by 86% and entodini 
omorph by about 25% in barley fermentation. Bacterial 
purine, which is a measurement of total bacteria, shows a 
significant decrease in barley fermentation by 60%. There 
appears to be no effect on alfalfa protozoa and alfalfa 
bacterial purine by the beta acids. Again, reduction in 
protozoa and bacteria levels means more food and energy for 
animal growth. 

TABLE 6 

In Vitro Microbe Measurements 

Level of Beta Acids, ppm 

Item O 1.25 2.5 3.75 SE 

Barley 
Protozoa x 10 

Isotrichia, no./mL. 14.0 9.7 2.0 1.7 3.4 
Entodiniomorph spp. no./mL 1O.O 11.7 7.7 4.7 2.7 
Bacterial purine, mg. tube 6.3.3 28S 25.9 23.7 5.7 
Alfalfa 
Protozoa x 10 

Isotrichia, no./mL. 1.O 1.O 4.0 2.7 0.7 
Entodiniomorph spp. no./mL 1.7 1.7 3.3 1.7 O.9 
Bacterial purine, mg. tube 49.8 44.1 33.1 38.1 5.7 

EXAMPLE 7 

0022. As shown in Table 7, the effect of hop acids on gas 
production, end product production, and microbial growth in 
in vitro fermentation was shown in alfalfa. The tests 
included a control group C treated with no alpha acids or 
beta acids, group A given 2 ppm of alpha acids, group B 
given 2 ppm of beta acids, group H given 2 pm hexahy 
droisoalpha acids, group I given 2 ppm isoalpha acids, group 
R given 2 ppm rho-isoalpha acids, group T given 2 ppm 
tetrahydroisoalpha acids, and group M given 6 ppm of the 
antibiotic monensin available from Eli Lilly of Indianapolis, 
Ind. The rumen is the primary site for the action of monensin 
in the cow. Monensin is available in various forms for use 
in cattle and has been available for use in beef cattle and 
heifers for about 20 years. It can be incorporated into feed 
as a powder or given as a rumenal bolus by the use of a 
variable geometry device, also called a controlled-release 
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capsule. The capsule consists of a plastic cylinder with 
folding wings at one end, which allow the capsule to be 
retained in the rumen. These capsules, which contain 32 gm 
of monensin released over 100 days, have proved to be a 
useful means of conducting large randomized controlled 
trials. A typical inclusion rate for monensin in feed is 10 to 
30 mg per kg of finished feed. 
0023 Monensin acts to selectively decrease populations 
of certain rumen bacteria. It does this by modifying the 
movement of ions across cell membranes. Gram positive 
bacteria from the rumen produce hydrogen, ammonia, lac 
tate, acetate, and methane and are more sensitive to mon 
ensin, while the gram negative bacteria which produce 
propionate and Succinate are less Susceptible. Differences in 
cellular membrane structure between gram-positive and 
gram-negative bacteria are chiefly responsible for the dif 
ferent sensitivities of bacteria to monensin. Some species of 
gram-positive bacteria, however, adapt over time to the 
presence of monensin and some gram-negative species are 
sensitive to high concentrations of monensin. Gram positive 
bacteria produce less methane when monensin is added to 
the diet. 

0024. As shown in Table 7, nearly all six of the hop acids 
tested showed positive effects on rumen fermentation. 
Although alpha acids and rho-isoalpha acids did not reduce 
the rate of total gas production, beta acids (group B), 
hexahydroisoalpha acids (group H), isoalpha acids (group I) 

Nov.30, 2006 

and tetrahydroisoalpha acids (group T) experienced a reduc 
tion in rate of gas production, total gas production, and 
fermentation. Monensin did not reduce gas production, total 
gas production, and fermentation. 

0025. With regards to end products produced, pH was 
most basic with the introduction of isoalpha acids in group 
I and remained constant with the introduction of mixed 
alpha acids. No drop in pH was shown in any of the groups. 

0026. Lactate, an intermediate for propionate, production 
increased when the alfalfa fermentation was treated with 
beta acids (group B), hexahydroisoalpha acids (group H), 
isoalpha acids (group I) and tetrahydroisoalpha acids (group 
T). Volatile fatty acid (VFA) production decreased across all 
groups and most markedly in group I. Yet, specific fatty acid 
production for acetate increased for alpha acids and rho 
isoalpha acids, propionate increased in all groups except for 
alpha acids. Butyrate increased only with rho-isoalpha acid, 
and Valerate production increased in none of the groups. 
Proprionate levels were increased significantly with beta 
acids, isoalpha acids, tetrahydroisolalpha acids and mon 
ensin. This may be a function of the increase in lactate, an 
intermediate in propionate production. With regards to 
microbial measurements, monensin was found to most 
effectively eliminate protozoa and bacterial purines from the 
artificial rumen. With the exclusion of monensin, only group 
A exhibited any reduction in bacterial purines. 

TABLE 7 

Effects of Hop Acids on In vitro Fermentation - Alfalfa 

Group C 

Disappearance 

DM, 9% 63a 
NDF, 9% 59a 
Gas Production 

Microbe Measurements 
Protozoa x 10 

Sotirichia, no/mL 2a 
Entodinia, no/mL. 20a 
Bacterial purines, 3.2be 
mg tube 

C control, 
A alpha acids (2 ppm), 
B beta acids (2 ppm), 
H hexahydroisoalpha acids (2), 
I isoalpha acids (2 ppm), 
R rho-isoalpha acids (2), 

Rate, 96.hr 9.2a 
Total, mL/72 hr 304 
mL/g fermented 238b 
End Products 

bH 5.78 
Lactate, g/mL, 52d 
VFA, mol/mL 269a 
Acetate, mole % 63b 
Propionate, mole % 2Of 
Butyrate, mole % 10b 
Valerate, mole % 2a 

Treatment 

A. B H I R T M SE 

62ab 53e 46 36f 53e 41 6Ob 1.O 
4Ob 27bc 17ed 2d 31 be 9d 32 be S.6 

9.2a 9.0 9.0 9.1b 9.0 9.1b 9.2a O.O 
328 262b 242b 150d 307a 2O2 320 12.6 
265a 246b 261ab 207b 287a 247b 263 ab 14.6 

5.7g 6.0 6.2 6.6 6.1d 6.4 5.8f O.O 
48d 63d 83b 168 46d 68 38d 5.3 
257a 184 173e 132d 184 146d 21.5b 4.9 
65a 54 61 57d 64ab 56d 60° 0.4 
2Of 38a 27d 37b 22e 39a 31e O.2 
10b 6e 10b 5d 13a 4e 6e O.2 
pa 1b 1b Oe 1b Oe 2a O.1 

pa O.3b O.3b Oe O.3b O.7b Oe O.S 
22a 14ab 13ab 22a 9b 21 a 6e 2.7 
3.1be 34abe 5.0a 4.7ab 3.2be 4.0abe 2.6e 0.4 

T tetrahydroisoalpha acids (2 ppm) and 
M the antibiotic monensin (6 ppm) 
-Means with different superscripts differ (P < 0.01) 
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EXAMPLE 8 

0027. As shown in Table 8, the effect of hop acids on gas 
production, end product production, and microbial growth in 
in vitro fermentation was shown in barley. The tests included 
a control group C treated with no alpha acids or beta acids, 
group A given 2 ppm of alpha acids, group B given 2 ppm 
of beta acids, group H given 2 pm hexahydroisoalpha acids, 
group I given 2 ppm isoalpha acids, group R given 2 ppm 
rho-isoalpha acids, group T given 2 ppm tetrahydroisoalpha 
acids, and group M given 6 ppm of the antibiotic monensin. 
0028 Table 8 shows the effects of hop bitter acids on gas 
production, end product production, and microbial growth in 
in vitro fermentation of barley. As shown in Table 8, the 
introduction of alpha acids did not reduce the rate of total 
gas production. Isoalpha acids and tetrahydroisoalpha acids 
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acids. The pH remained constant with the introduction of 
tetrahydro-isoalpha acids. All other groups became more 
acidic. 

0030 Lactate production increased in all groups except 
monensin. The most marked increase was in I, which was 
also the most basic group. Volatile fatty acid (VFA) produc 
tion decreased in groups B and T and, as in alfalfa, most 
markedly in group I. Propionate increased only in groups B, 
I and T. Butyrate decreased across all groups relative to the 
control. It appears that the particular acid which is most 
effected by the introduction of alpha acids and beta acids 
into the artificial rumen containing barley is butyrate. 
0031. With regards to microbial measurements, no effect 
was seen on the decrease of bacterial purines with the 
introduction of any of the alpha acids or beta acids. 

TABLE 8 

Effects of Hop Acids on In vitro Fermentation - Barley 

Group C 

Disappearance 

DM, 9% 85a 
Starch, 9% 98ab 
Gas Production 

Rate, 96.hr 9.Obe 
Total, mL/72 hr 345a 
mL/g fermented 208 
End Products 

bH 5.1b 
Lactate, g/mL, 50b 
VFA, mol/mL 2.57b 
Acetate, mole % 32d 
Propionate, mole % 24e 
Butyrate, mole % 33a 
Valerate, mole % 8d 
Microbe Measurements 
Protozoa x 10 

Sotiricha, no/mL. 0.7 
Entodinia, no/mL. 82a 
Bacterial purines, 1.3e 
mg tube 

C control, 
A alpha acids (2 ppm), 
B beta acids (2 ppm), 
H hexahydroisoalpha acids (2), 
I isoalpha acids (2 ppm), 
R rho-isoalpha acids (2), 
T tetrahydroisoalpha acids (2 ppm) and 
M the antibiotic monensin (6 ppm) 
-Means with different superscripts differ (P < 0.01) 

experienced a reduction in rate of gas production and all 
groups experienced a reduction in the total amount of gas 
produced in a 72 hour period. 

0029 With regards to end products produced, as with 
alfalfa, pH was most basic with the introduction of isoalpha 

Treatment 

A. B H I R T M SE 

78c 74d 72e 69f 70ef 72 de 83b 0.7 
100 97 be 98ab 89 92d 94ed 99a O.O 

9.1a 9.2 a 9. Obe 8.9d 9.1 be 8.9d 9.1b O.O 
278d 246 295ed 316b 2.97bcd 303be 336a 6.5 
187d 171e 213 be 238 a 222b 218be 212 be 4.0 

4.8 4.7f 4.9d 5.2a 4.9d 5.1b 5.0e O.O 
58ed 78abe 62ed 95ab 106a 78abe 36d 9.1 

277a 227c 261b 201d 2.57b 211d 263b 3.8 
43b 37c 39e 25e 46 24e 32d O.9 
2Od 37a 2Od 29b 16 3Ob 24e O.9 
24e 14 28b 23d 29b 22d 28b O.S 
12e 11e 12e 23 a 8d 24a 14b O.S 

O.3 O O.3 O.3 O.3 O O O.3 
41b 43b 33b 50b 35b 37b 38b 6.0 
1.8b 2.0ab 2.1ab 1.7b 2.0ab 1.3b 1.5b O.1 

EXAMPLE 9 

0032. As shown in Table 9, the effect of hop acids on gas 
production, end product production, and microbial growth in 
in vitro fermentation was shown in barley. The tests included 
a control group C treated with no alpha acids or beta acids, 
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group A given 2 ppm of alpha acids, group B given 2 ppm 
of beta acids, group H given 2 pm hexahydroisoalpha acids, 
group I given 2 ppm isoalpha acids, group R given 2 ppm 
rho-isoalpha acids, group T given 2 ppm tetrahydroisoalpha 
acids, and group M given 6 ppm of the antibiotic monensin. 
0033. As shown in Table 9, the rate and total gas pro 
duction decreased in all groups except in the control and in 
monensin. 

0034. With regards to end products produced, as with 
alfalfa and barley, pH was most basic with the introduction 
of isoalpha acids. All other groups became more acidic. 
0035 Lactate production increased in all groups. The 
most marked increase was in group R. The greatest number 
of groups, as compared to barley and alfalfa, were seen to 
exhibit a reduction in volatile fatty acid (VFA) production. 
VFA production decreased in groups B, H, I, and T. Propi 
onate increased only in groups B, I and T. Only Valerate 
increased in all compounds tested. 
0.036 With regards to microbial measurements, only in 
corn compared to barley and alfalfa was any decrease in 
bacterial purines shown for all groups except monensin. 
Additionally, entodinia was shown to decrease in all groups 
except monensin. 

TABLE 9 
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turkeys, by delivering the hop acids for oral ingestion to the 
animals by mixing the hop acids with feed. The acids are 
mixed with the feed in an amount to inhibit certain types of 
undesirable bacteria in the digestive system. Mixing the hop 
acids with poultry feed may also prevent the poultry from 
Susceptibility to various bacterial and protozoan diseases. 
An effective amount of hop acids ranges from about 1 ppm 
to about 30 ppm in poultry feed may increase energy uptake 
and inhibit certain types of bacteria and protozoa. Further, a 
range of from about 1 ppm to about 20 ppm, or from about 
1 ppm to about 10 ppm, or from about 1 ppm to about 5 ppm, 
or about 2 ppm of hop acids in poultry feed may increase 
energy uptake and inhibit certain types of bacteria and 
protozoa. 

0038. As an example of poultry, the chicken has a simple 
digestive system, with few to no microorganisms living in 
the digestive system to help digest food like in ruminants 
Such as cattle. Chickens depend on enzymes to aid in 
breaking down food so it can be absorbed, much like 
humans. 

0039 The crop is a pouch formed from the esophagus to 
serve as a storage area for the food until it can be passed 
along for digestion in the gizzard and intestines. The proven 
triculus is the true stomach of the bird from which hydro 

Effects of Hop Acids on In vitro Fermentation - Corn 

Treatment 

Group C A. B H I 

Disappearance 

DM, 9% 90a 85b 80° 76d 62f 
Starch, 96 91ab 89ab 8Obe 79be 54e 
Gas Production 

Rate, 96.hr 9.1a 9.0 9.0a 9.0a 8.9 
Total, mL/72 hr 368 309 283d 288d 275e 
mL/g fermented 212e 187d 187d 196d 235a 
End Products 

bH 5.1b 4.7g 4.8f 4.9 5.2a 
Lactate, g/mL, 22e 87b 73b 64 86b 
VFA, mol/mL 241 be 284a 231cd 24Obe 188e 
Acetate, mole % 35e 41a 32d 35ed 29e 
Propionate, mole % 28e 17f 39a 2Ode 37b 
Butyrate, mole % 27e 3Ob 16 3Ob 18d 
Valerate, mole % 6f 12d 12d 15e 16 be 
Microbe Measurements 
Protozoa x 10 

Sotiricha, no/mL. O.3 O O 0.7 0.7 
Entodinia, no/mL. 17d 2.7bed 22 cd 40 37ab 
Bacterial purines, 12ab 11abe 0.9abe 0.8b 1.Oabe 
Mg/tube 

C control, 
A alpha acids (2 ppm), 
B beta acids (2 ppm), 
H hexahydroisoalpha acids (2), 
I isoalpha acids (2 ppm), 
R rho-isoalpha acids (2), 
T tetrahydroisoalpha acids (2 ppm) and 
M the antibiotic monensin (6 ppm) 

Means with different superscripts differ (P < 0.01) 

0037 Hop acids can be used for increasing food and 
energy uptake from feed by poultry, Such as chickens and 

T M SE 

73e 73e 91 a 0.7 
65 de 68ed 95 a 0.4 

9.0a 8.9 8.9 O.O 
293d 313e 398 3.8 
21 Oc 224b 233ab 3.3 

4.9d 5.0e 5.0e O.O 
152 a 66b 58 be 13.2 
245be 221d 258 6.0 
38b 25f 26f O.8 
22d 36b 2Oe 0.7 
29b 18d 35a O.S 
1Oe 20a 17b O.S 

O O 0.7 0.4 
37ab 37ab 28 be 3.5 
0.6e O.9abe 14a O.1 

chloric acid and pepsin is secreted to aid in digestion. The 
muscles of the gizzard are extremely strong and are used to 
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grind or crush the food particles. This process is aided by the 
presence of grit and gravel picked up by the bird. The 
digestion and absorption of food takes place primarily in the 
Small intestine. The Small intestine is similar to mammals, 
there are two blind pouches or ceca, about 4-6 inches in 
length at the junction of the Small and large intestine. The 
large intestine is short, consisting mostly of the rectum about 
3-4 inches in length. The rectum empties into the cloaca and 
feces are excreted through the vent. It usually takes about 2.5 
hours for food to pass through the digestive tract from beak 
to cloaca. 

0040 Like cattle, chickens suffer from a diet contami 
nated with bacteria and protozoa. For example, coccidiosis 
is a common illness found in chickens. It occurs when a 
chicken consumes the protozoa coccidia. The coccidia 
causes lesions in the digestion track of chickens which later 
become infected by the gram positive bacteria Clostridium 
perfingens. This one-two punch causes many chickens to 
become very sick and even die. Low levels of antibiotics are 
used in chicken feed to kill the protozoa cocidia and the 
gram positive bacteria clostridium. Given that hop acids are 
also effective at controlling the growth of protozoa and gram 
positive bacteria, it is likely that chickens can benefit from 
a diet containing hop acids. 

EXAMPLE 10 

0041. Seven samples of hop acids were tested for mini 
mum inhibitory concentration (MIC) testing against a strain 
of Clostridium perfringens. The strain of C. perfingens 
(CP-6) was obtained from Colorado Quality Research, Inc. 
0042. The bacterial culture and all hop acids were refrig 
erated until use. The seven hop acids were assayed (identi 
fied below by trademark). All were at approximately 1% 
concentration: 

IsohopTM; 1.0% 

BetastabTM10A; 0.96% 

AlphahopTM; 0.93% 
TetrahopTM; 1.0% 

HexahopTM; 0.97% 

HHBATM; 1.0% 

RedihopTM; 1.0% 

0.043 C. perfingens CP-6 was propagated anaerobically 
in BHI (pH 7.2). Growth was for 24 h at 35-37° C. After 24 
h, the population of the stock culture was approximately 10 
cfu/ml. 

0044) Hop acids were added to 10 ml tubes of BHI to 
final concentrations of 80 ug/ml. Chloramphenicol was 
added to a 10 ml tube to a final concentration of 80 ug/ml as 
the positive control. Tubes were inoculated with 100 ul of 
the stock culture and incubated anaerobically at 35–37° C. 
for 24 h. 

0045. For the MIC study, two-fold dilutions of each hop 
acid were added to 10 ml tubes of BHI, starting at a high 
concentration of 80 ug/ml and a low concentration of 2.5 
ug/ml. Chloramphenicol at 80 ug/ml was used as the positive 
control. Culture was inoculated to a final concentration of 
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3.0x10 cfu/ml and the tubes were incubated as above. At 24 
h, optical densities were read at 405 n, and cell populations 
were determined. 

0046 For hop acids showing complete inhibition at 2.5 
ug/ml, dilution schemes were carried out further at 1.25, 
0.625, 0.312, and 0.156 ug/ml. 
0047 All hop acids showed complete inhibition of C. 
perfingens CP-6 at 80 ug/ml. The following table shows the 
MIC for all hop acids tested. 

Acid MIC 

Isohop TM 63.0 ug/ml 
Betastab TM 5.7 ug/ml 
Alphahop TM 56.0 ug/ml 
Tetrahop TM 14.0 ug/ml 
Hexahop TM 7.5 ug/ml 
HHBATM 0.39 ug/ml 
Redihop TM 53.0 ug/ml 

0048 For the propagation of C. perfringens CP-6, BHI 
(pH 7.2) was found to be adequate. Culture population 
reached 10 cfu/ml in 24 hr when incubated anaerobically at 
35-37°C. To ensure that the assay was working properly, the 
culture was challenged with 80 ug/ml of each hop acid in 
BHI. At this concentration, all hop acids showed complete 
inhibition of the culture. 

0049) MIC assays showed that HHBATM (MIC 0.39 
ug/ml) was Superior to all other hop acids in inhibiting C. 
perfingens CP-6 at pH 7.2. It showed almost a 15-fold 
greater MIC than the next most effective hop acid, Beta 
stabTM. BetastabTM (MIC 5.7 ug/ml) and HexahopTM (MIC 
7.5 ug/ml) were the next two most effective hop acids. 
TetrahopTM showed a medium level of inhibition (MIC 14.0 
ug/ml), while IsohopTM (MIC 63.0 ugml), AlphahopTM 
(MIC 56.0 ug/ml), and RedihopTM (MIC 53.0 ug/ml) were 
the least inhibitory. 
0050. It is apparent from this particular study that the hop 
acid most effective in inhibiting C. perfringens CP-6 at pH 
7.2 is HHBATM. BetastabTM and HexahopTM were also 
strongly inhibitory under conditions of the study. 
0051 Based on the results of Example 10 above, it is 
believed that hop acids can be added to poultry feed to 
protect poultry from a variety of bacterial diseases which 
can be aquired through infected feed. Chickens, turkey, and 
other avians are susceptible to the following bacteria dis 
CaSS 

0.052 1. Coliform Infections. Problems attributed to 
coliform infections are often caused by strains of the 
Escherichia coli organism. The primary routes of invasion 
by the organism are the respiratory system and the gas 
trointestinal tract. Problems may result from a coliform 
infection alone as in primary infection or in combination 
with other disease agents as a complicating or secondary 
infection. Secondary infections commonly occur as a part of 
the classic air sac disease syndrome as a complication with 
Mycoplasma gallisepticum infections. 

0053. There are many different strains or serological 
types within the group of E. coli bacteria. Many are normal 
inhabitants in intestinal tracts of chickens and turkeys and 
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consequently are common organisms in the birds environ 
ment. A marked variation exists between different strains in 
their ability to cause disease. Some are severe and by 
themselves can cause disease while others are Supposedly 
harmless. All degrees of pathogenicity exist between the two 
eXtremeS. 

0054 2. Fowl Cholera. The causative organism of fowl 
cholera is Pasteurella multocida. Major sources of infection 
include contaminate water and feed. In the past, properly 
administered bacterins are helpful in preventing fowl chol 
era, particularly in turkeys. Their use must be combined with 
a rigid program of sanitation. Although drugs usually alter 
the course of a fowl cholera outbreak, affected birds remain 
carriers and the disease has a tendency to recur when 
treatment is discontinued. This may necessitate prolonged 
treatment with drugs added to the feed and water. Sulfa 
drugs and broad spectrum antibiotics (Penicillin) usually 
control losses. 

0055 3. Necrotic Enteritis. Necrotic enteritis is an acute 
disease that produces a marked destruction of the intestinal 
lining of the digestive tract. Common field names such as rot 
gut, crud and cauliflower gut accurately describe the con 
dition. The cause of the disease is Clostridium perfiringens, 
a spore-forming, rod-shaped bacterium. Bacterial organisms 
and their toxins are the primary cause but coccidiosis may be 
a contributing factor. Most of the damage to the intestinal 
lining apparently is due to toxins produced by the bacterial 
organisms. 
0056. In the past, bacitracin or virginiamycin were effec 
tive treatments administered in the feed. Bacitracin can also 
be given in the drinking water. Supportive vitamin treatment 
may enhance the effectiveness of the treatments. 
0057 4. Ulcerative Enteritis. Ulcerative enteritis is an 
acute or chronic infection of game birds, chickens, turkeys 
and other domestic fowl. The cause of the disease is 
Clostridium Colinum, a spore forming bacterial rod. The 
infection spreads by the droppings from sick or carrier birds 
to healthy birds. 
0.058. In the past, bacitracin and penicillin are the most 
effective drugs in the treatment and prevention of this 
disease. If bacitracin was used, incorporation was recom 
mended in the feed at levels up to 200 grams perton offeed. 
Addition of bacitracin to the water at the rate of one 
teaspoon per gallon was recommended in controlling an 
outbreak of the disease. Penicillin is also used to treat the 
disease if bacitracin is not effective. 

0059) 5. Pullorum Disease. Pullorum disease is an acute 
or chronic infectious, bacterial disease affecting primarily 
chickens and turkeys, but most domestic and wildfowl can 
be infected. The cause is a bacterium named Salmonella 
pullorum. Disease organisms may enter the bird through the 
respiratory (as in the incubator) or digestive systems. 
0060 6. Fowl Typhoid. Fowl typhoid is an infectious, 
contagious bacterial disease that is usually acute but some 
times chronic. It affects most domestic and wild fowl 
including chickens, turkeys, ducks, pigeons, pheasants and 
other game birds. The cause in the bacterium, Salmonella 
gallinarum. Disease organisms may enter the bird through 
the respiratory or digestive systems. 
0061 Prevention and control depend heavily upon basic 
disease prevention practices including the hatching chicks 
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from disease-free flocks, practicing strict sanitation on the 
farm, providing clean feed and water, and proper disposal of 
all dead birds. The causative organism can live outside the 
bird body for at least six months, thus requiring extra 
management precautions to break the disease cycle. Drugs 
cannot be depended upon as a means of typhoid prevention 
and are not recommended for that purpose. Infected birds 
may be salvaged using the same drugs as used to Salvage 
pullorum infected birds. 
0062 7. Botulism. Botulism is a disease caused by the 
ingestion of a toxin produced by the Clostridium botulinum 
bacterium. All domestic fowl and most wild birds are 
susceptible to the toxins effects. Many human deaths have 
also been attributed to the consumption of food or water 
containing the toxin. 
0063 Botulism is not a bacterial infection, but a condi 
tion produced by a byproduct of the bacteria's growth. The 
organism is common in nature and is widely dispersed in 
soils. Ingestion of the organism is not harmful. It becomes 
dangerous only when conditions are favorable for its growth 
and Subsequent toxin formation. The organism grows best 
under high humidity and relatively high temperature and in 
an environment containing decaying organic material (plant 
or animal). The organism requires an environment in which 
all atmospheric oxygen is eliminated. The organism cannot 
multiply in the presence of air. Botulism results after the 
decaying animal or plant material containing the toxin is 
consumed. 

0064. The toxin is one of the most potent discovered by 
scientists. The toxin is relatively heat stable but may be 
destroyed by boiling. There are different types of the toxin; 
types A and C cause the disease in birds while type B 
frequently produces the disease in man. 
0065 Hop acids can be added to poultry feed to protect 
poultry from a variety of protozoan diseases which can be 
aquired through infected feed. Chickens, turkey, and other 
avians are susceptible to the following protozoan diseases. 1. 
Coccidiosis. As discussed above, coccidiosis is a disease of 
fowl caused by a microscopic animal or protozoa caused by 
microscopic animals called coccidia. There are many spe 
cies of coccidia that can infect fowl, domestic animals and 
humans. Each species of coccidia is host specific and does 
not infect a wide variety of animals. Chickens are suscep 
tible to any of nine coccidia species, turkeys are Susceptible 
to seven species and quail are Susceptible to at least four 
different species of coccidia. 
0066 Coccidiosis is transmitted by direct or indirect 
contact with droppings of infected birds. When a bird ingests 
coccidia, the organisms invade the lining of the intestine and 
produce tissue damage as the undergo reproduction. The 
number of infective coccidia consumed by the host is a 
primary factor as to the severity of the resulting infection. 
An infection may be mild enough to go unnoticed while a 
large infective dose of coccidia may produce severe lesions 
that can cause death. Coccidia are easily transmitted from 
one house to another on contaminated boots, clothing, 
free-flying birds, equipment, feed sacks, insects and rodents. 
0067. In the past, it was best prevented by addition of a 
drug, Such as coccidiostat, to the feed that controls the 
growth of coccidia in the digestive tract. But, coccidiostats 
should not be indiscriminately used and recommendations 
must be followed precisely. 
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0068 2. Blackhead (Histomoniasis, Enterohepatitis). 
Blackhead is an acute or chronic protozoan disease of fowl, 
primarily affecting the cecae and liver. Blackhead is caused 
by a protozoan parasite called Histomonas meleagridis. The 
organism in passed in the fecal material of infected birds. 
Free-living blackhead organisms do not Survive long in 
nature, but those in cecal worm eggs may survive for years. 
Therefore, most blackhead transmission is considered due to 
ingesting infected cecal worm eggs. Chickens are frequently 
infected without showing signs of the disease. 
0069 Hop acids can prevent the growth or diminish the 
growth of the above bacteria and protozoans, thereby assist 
ing in the prevention, preventing, or treating poultry Sucep 
tible to the above diseases. 

0070 The discussion above is descriptive, illustrative and 
exemplary and is not to be taken as limiting the scope 
defined by any appended claims. 

1. A method of using hop acids as an organic food 
Supplement for livestock comprising delivering the hop 
acids for oral ingestion by mixing the acids with a livestock 
feed, wherein the hop acids are mixed with the feed in an 
amount to inhibit certain types of undesirable bacteria 
commonly found in the digestive systems of livestock. 

2. The method of claim 1 wherein the hop acids as well 
as their corresponding salts are selected from at least one of 
the group consisting of alpha acids, beta acids, isoalpha 
acids, rho-isoalpha acids, tetrahydroisoalpha acids and 
hexahydroisoalpha acids. 

3. The method of claim 2 wherein the alpha acids are 
selected from at least one of the group consisting of humu 
lone, cohumulone, and adhumulone. 

4. The method of claim 2 wherein the beta acids are 
selected from at least one of the group consisting of lupu 
lone, colupulone, and adlupulone. 

5. The method of claim 1 wherein the amount of hop acid 
is 2 ppm of digestive system fluid. 
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6. A method for increasing food and energy uptake from 
a livestock feed by livestock comprising: 

administering to the livestock a feed having an effective 
amount of hop acid capable of decreasing the produc 
tion of unoxidized carbon Sources in a digestive system 
fluid of the livestock. 

7. The method of claim 6 wherein the hop acids are 
selected from at least one of the group consisting of alpha 
acids, beta acids, isoalpha acids, rho-isoalpha acids, tetrahy 
droisoalpha acids and hexahydroisoalpha acids. 

8. The method of claim 7 wherein the alpha acids are 
selected from at least on of the group consisting of humu 
lone, cohumulone, and adhumulone. 

9. The method of claim 7 wherein the beta acids are 
selected from at least one of the group consisting of lupu 
lone, colupulone, and adlupulone. 

10. The method of claim 6 wherein the amount of hop acid 
is 2 ppm of digestive system fluid. 

11. The method of claim 6 wherein the livestock is 
selected from the group consisting of cattle, poultry, horses, 
pigs, and Zoo animals. 

12. The method of claim 1 further comprising adminis 
tering the hop acid capable of increasing the level of 
propionate in the digestive system fluid. 

13. An animal feed comprising a feed plant selected from 
at least one of the group consisting of corn, barley, alfalfa, 
wheat, and Sorghum, and an effective amount of hop acid 
capable of inhibiting certain types of undesirable bacteria 
commonly found in the digestive systems of livestock. 

14. The animal feed of claim 13 wherein the effective 
amount of hop acid is from about 1 ppm to about 30 ppm of 
digestive system fluid of the livestock. 


