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(54) Title: USE OF DIHYDROXYQUINOLINE COMPOUNDS TO EXTEND THE SHELF LIFE OF PRODUCTS OF MAMMALS

The shelf life of a meat product derived from an animal selected from the group consisting of ruminant mammals, swine and fish is
extended by feeding to the animal a diet of feed comprising a substituted 1,2-dihydrequinoline compound, the diet heing continued for a
period of time, and the feed comprising the substituted 1,2~dihydroguinoline compound in an amount, sufficient to increase the shelf life
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USE -OF DIHYDROXYQUINOLINE COMPQUNDBS TO EXTEND

THE SHELF LIFE OF PRODUCTS OF MAMMALS AND FISH

Background of the Invention

{1) Field of the Invention

The present invention relates to technigues for
improving the quality of meat products derived from certain
animals, namely ruminant mammals, swine and fish, and more
particularly to extending the shelf life of such‘prcducts by

supplementing the diets of such animals.
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(2) Deséription of the Prior Art

Many meat products derived from ruminant mammals (such
as, cattle and sheep), swine and fish have very limited shelf
lives. After a relatively short period of time, the meat may
turn color and become rancid (that is, develop an unacceptable
smell or flavor or both). 1In short, it spoils. Shelf life
for beef is typically measured as the length of time for the
meat, in plastic trays, overwrapped with an oxygen-permeable
pelyvinyl chloride film, and displayed under fluorescent
lighting (150 foot candles) at 4(C, to discolor; to turn brown
or grey. This definition will be used herein to apply to
other meat products as well.

By this measure, shelf life for beef, even 1f sealed
from exposure to air, is about seven days from slaughter,
after which it may turn from red to brown or grey and spoil.
And, as limited as this shelf life is, because of shipping
delays, less than ideal storage conditions and increased
surface area resulting from cutting the meat into steaks, the
typical marketable life of steak in the display case is
substantially shorter -- closer to twelve hours. Moreover,
while the quality and freshness of steak or other meat is
commonly evaluated by the coler of the meat, color is not a
reliable indicator of quality or freshness. Meat can turn
brown or grey significantly prier tc spoilage. Thus, large
guantities of high guality, fresh meat becomes unmarketable
and thus is wasted because of deceptively premature color

change.
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The resuiting food waste and loss from spoilage
associated with shelf life limitations amounts to billions of
dollars in the U.S. alone. In fact, it has been estimated.
that increasing shelf life of beef in the supermarket by just
two days could save the U.S. beef industry up to %175 million
through increased beef sales. See Schasfer et al., Proc.
Holstein Beef Prod. Symposium (1991}, p. 175. The total value
to the U.S. beef industry of increasing the shelf life of beef
by just one to twe days has been estimated at $1 billion.

Hill, GA Stocker-Finnisher Conference {(1992).

Thus, many efforts have been made toward increasing
the shelf life of beef. O0ften the effeorts have involved
direct treatment of the beef, for example, with preservatives.

Other efforts, however, have been directed to
treatment of the cattle themselves, such as supplementing
their diets with chemical additives. With respect to cattle
treatment by dietary intervention, research from the
Universities of Wisconsin and Georgia indicates that adding
1200 to 1300 IU Vitamin E daily (100 ppm alpha-tocopherol
acetate in the feed) to the diet of feedlot cattlelextends the
shelf life of several cuts of beef from a maximum of about
seven days to about fourteen days or more. Williams et al.,
California Nutrition Conference (1933}, pp. 23-42. It is
believed that the Vitamin E increages the shelf life of beef -
-that is, maintains the meat color-- by retarding the aging
process by which metmyoglobin gradually replaces the red

oxymyoglobin, causing the meat to become brown. However, the
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cost of this Vitémin E supplement is about 1.5 cents per
animal a day, or $2.50 additional cost per animal. Because
this cost is not recovered directly by the producer, it can be
prohibitive. Nevertheless, completely satisfactery
alternative dietary supplements are unknown. In fact, dietary
techniques face long odds of success, at least in part with
respect to ruminant mammals because many dietary ingredients
are extensively destroyed during passage through the rumen.
Even measurements with various commercial sources of Vitamin E
indicated that intestinal availability was only 36 to 52% of
that being fed. Shin and Owens, Ok, State Univ. Animal
Research Report, 154-158 (199%0). Because shelf life extenders
are so beneficial and alternatives are so limited, the use of
Vitamin E is increasing dramatically despite its cost.
Although ﬁhe addition of 6-ethoxy-1,2-dihydro-2,2,4-
trimethylquinoline (commonly referred to as "ethoxyquin") te
animal feeds as a dietary supplement to improve the shelf life
of food products derived from animals consuming the feeds has
nowhere even been suggested in the current art, its use as a
feed ingredient for various reascns is well known. Feor
example, because ethoxyquin is an antioxidant, it has been
added to certain animal feeds to preserve the feed itself;
that is, to prevent the feed constituents from spoiling. See,
for example, U.S. Patent Nos. 5,066,498 and 5,000,964, both to
McCauley, III, which teach the use of up to 1.5% Santoquin(r)
{an ethoxyquin cemposition sold by Monsanto, Co.) to prevent

oxidation and breakdown of certain components of a horse feed
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composition desiéned for treatment of the horse's hooves and
coat. However, it is not clear that this use in feeds has
resulted in ingestion of the ethoxyguin by the animals. It is
reported in the background section of U.S. Patent No.
4,986,996 to Barlow et al., that although ethoxyquin has been
widely approved for use in animal feed and is the most
commonly used anti-oxidant in fish meal intenéed for that use,
within hours of the additicn of the efhoxyquin to the feed,
analyses of the feed no lenger detect any trace of ethoxyquin.
On the other hand, when ethoxyguin is ingested, tissue levels
of ethoxyquin have been found to be similar whether calves had
developed their rumen or net. deMille et al., Can. J. Anim.
Sei. 52:351-361 (1972). Thus, even though many dietary
ingredients are extensively destroyed during passage through
the rumen, research to date suggests that ethoxygquin is not
destroyed in the rumen. Indeed, it has been reported that
addition of ethoxyquin to diets of dairy cattle has resulted
in the appearance of ethoxyguin in the fat of the resulting
milk, Dunkley et al., Supplementing Rations with Tocopherol
and Ethoxyquin to Increase Oxidative Stability of Milk, J.
Dairy Sci., vol. 50, No. 4, pp. 492-499 (19%67); Dunkley et
al., Compounds in Milk Accompanying Feeding of Ethoxyquin, J.
Dairy Sci., Vol. 51, No. 8, pp. 1215-1218 (1968).

Ethoxyguin also has been reported te have been used in
a concentration of 0.05 to 0.1% (500 - 1,000 ppm) in a feed
composition for breeding cattle with N3 fatty acid-accumulated

beef. See Canadian Patent No. 2,087,722. According to page
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10 of that Canadian patent, the ethoxyquin is used as an anti-
oxidant and "also plays an anti-oxidation activity in the
cattle's body, as well as in the feed composition, to prevent
the oxidative decomposition of N3 fatty acid in spoilage of
feed during long-term storage." And, in U.K., Patent No.
144,024, the possible candidacy of ethoxydquin as an anti-
oxidant component of a food or feed supplement to prevent the
occurrence of or to retard cancer is reported. It is
suggested there that the ethoxyguin concentration should be
sufficient for the daily consumption to be about 0.01 to 500
mg.

Dietary ethoxyquin also has been applied to animals
other than cattle. For example, it has been reportéd to
reduce or to prevent certain maladies associated with a
deficiency of Vitamin E, in particular, encephalomalacia,
exudative diathesis in chicks, muscular dystrophy in chicks
and lambs and fetal resorption in rats. It is unclear whether
these éffects have been direct effects on the target tissues
or indirect effects through preventing lipid oxidation and
reducing Vitamin E usage or by preventing Vitamin E
destruction in the diet or the gut. Miller and White, Hutr.
Rep. Ini 1..745-252 (1975); Whanger et al., Nutr. Rep. Inst.
13:159-173 (1976). However, dietary ethoxygquin has been
reported to prevent lipid oxidation in muscle tissues in
broilers and layers. Bartov and Bornstein, Br. Poultry Sci.
18:59-68 (1977); Combs and Regenstein, Poultry Sci. 59:347-351

(1980) . The ethoxyquin concentration in the feed in the
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broiler study waé 75 to 150 ppm by weight, and 150 ppm of
ethoxyquin was found to be as effective as about 15 ppm alpha-
tocopherol acetate. In the layer study, the ethoxyquin
concentration was 500 ppm. Ethoxyquin was detected in the
muscle tissue of poultry and lambs, suggesting that the effect
is directly in the tissue. deMille et al., Can. J. Anim. Sci.
52:351-361 (1972).

Despite these reports of uses of ethoxyquin in feed,
there is no indication that the ethoxyquin has had any effect
on the shelf life of meat products derived from the animals.
In fact, ethoxyquin has been reported to be a direct food
additive, but even that has been for purposes other than to
increase shelf life of the food. For example, U.3. Patent No.
4,079,1%3 to Coleman, U.S. Patent No. 4,087,561 to Bharucha
and Coleman and U.S. Patent No. 4,088,793 to Bharucha, Rubin
and Cross disclose methods for reducing formation of
nitrosamines by applying ethoxyquin directly to the meat.

Thus, the livestock industry and particularly the
cattle industry, is still searching for inexpensive and simple
techniques for exten&ing the shelf life of animal-derived food
products, such as beef and milk.

Moreover, it is noteworthy that these industries
encounter several other problems as well and if a further
benefit of the shelf life treatment is to alleviate some of
these problems as well, the value of the treatment would be
enhanced even more. Among these problems may be noted the

cffensive odor asscciated with animal waste (e.g., cattle
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manure). In addition, cattle and sheep, 1in particular, have
been afflicted with high rates of liver abscesses.
Commercially, about 15-30% of livers from feedlot cattle are
discarded, primarily due to presence of abscesses. Thus, a
method that reduces the incidence of liver abscesses or
lessens their severity also would be beneficial. 1In fact, it
has been reported that in a small study 2,000-ppm ethoxyquin
appeared to increase rate of liver regeneration in rats by 26
to 34%. See Gavino et al., Life Sci. 36:1771-1777 (1985).
Also, meat from younger animals is typically more desirable
than that from older animals. Therefore, a technique that can
delay the maturity of an animal or at least the apparent
maturity, would be desirable as well. 1In addition, a certain
percentage of beef is dark in color initially and therefore
becomes unmarketable regardless of its age. As a result, that
percentage is simply waste. Thus, methods for reducing the
incident of dark color beef would be desired as well.
Finally, of course, faster and more efficient weight gain
rates are always desirable,

Summary of the Invention

The present invention, therefore, is directed to a
novel method for extending the shelf life of a meat product
derived from ruminant mammals, swine and fish. According to
the method, the animal is fed a diet of feed comprising a
substituted 1,2-dihydroquineline compound. The diet is

continued for a period of time, and the feed comprises the
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substituted l,Z-aihydroquinoline compound in an amocunt,
sufficient to increase the shelf life of the food product,

The present inventicn is also directed to meat
preducts of enhanced shelf life prepared by such method.

Among the several advantages of this invention, may be
noted the provision of a method for extending the shelf life
of meat products; the provision of such method that involves
merely simple, inexpensive and effective dietary treatment of
the animals from which the products are derived; and the
provision of such method that provides ancillary benefits as
well.

Detailed Description of the Preferred Embodiments

In accordance with the present inventien, it has been
discovered that the simple and relatively inexpensive
incorporation of a substituted 1,2-dihydroquinoline compound
into the diet of certain animals, particularly, ruminant
mammals such as cattle and sheep, swine and fish,
substantially increases the shelf life of the meat products
derived from them. Moreover, the treatment of this invention
has been found te¢ provide several other benefits as well. For
example, it also has been found that, surprisingly, the
treatment appears to retard the aging process of the animal as
well, As a result, the most desirable beef, i.e., youthful,
lean-colored beef, may be obtained from cattle that otherwise
are too old to be a source of such beef. Enother surprising
effect that has been discovered is a marked reductiocn in the

offensive odor associated with the excretions of the cattle or
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other animals upon initiation of the treatment of this

invention. In addition, it appears that the treatment of
this invention alsc reduces the incidence of and/or lessen the
severity of liver abscesses in the animals, particularly
cattle, that are subjected teo the treatment. Not only that,
but the treatment of the invention has been found to reduce
the incidence of dark color beef as well. BAnd significantly -
-and surprisingly-- the treatment has been found to lower the
feed intake rate, while at the same time increase the weight
gain rate of the animal despite the lower food intake. Feed
efficiency is therefore enhanced.

In particular, the treatment of this invention may be
applied to ruminant mammals, such as cattle and sheep, to
swine and, te fish. OF these animals, the treatment is most
particularly designed for ruminant mammals and swine,
especially ruminant mammals. ©Of the ruminant mammals, the
treatment is envisioned as having greatest application to
cattle, primarily cattle to be used for beef.

According to the treatment, the animal is fed its
standard feed, except that a substituted 1l,2-dihydroguincline
compound has been added to it. The substituted 1,2-

dihydroquinoline compound corresponds to the formula
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wherein R1, R2, §3, and R4 are independently selected from
hydrogen and alkyl groups of from 1 to about 6 carbon atoms,
preferably from 1 to four carbon atoms, and R5 is an alkoxy
group of from 1 to about 12 carbon atoms, preferably frem 1 to
four carbon atems. The most preferred 1, 2-dihydroquincline is
6-ethoxy-1,2-dinydro-2, 2, 4-trimethylquincline, commonly known
as "ethoxygquin." Ethoxygquin is a well known compound, as
discussed above, and is readily available. For example, one
form is sold under the trademark SANTOQUIN{r). The ethoxyquin
may be added in wet or dry form. For the sake of brevity, the
following description of the methed of this invention will
refer specifically to ethexyquin, but it should be understood
that it is believed that the method may be generalized to the
other 1,2-dihydroquinelines defined above as well.

Because ethoxyquin may tend to oxidize over time upon
exposure to the other feed constituents, it is preferred that
it be added to the feed shortly before the animal feeding,
preferably within a day of feeding, more preferahly within two
hours of feeding. And, whereas conventional use of ethoxyquin
to prevent rancidity or spoilage of the feed itself involved
addition of the ethoxyquin only to the fat or tallow
ingredients of the feed, such as fish meal, in the present
method, ethoxyquin is added even to-the non-fat ingredients of
the feed. While the ethoxyquin might be present in less than
all the ingredients initially, it is desired that the
ethoxyquin be dispersed through all the ingredients of the

finished feed. This addition may be in combination with the
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mixing together gf the feed ingredients to form the feed, or
after the mixing of the after ingredients. In the former
case, the ethoxyquin may be simply mixed in as another feed
ingredient. In the latter case, the ethoxyguin may be sprayed
on the feed mixture, for example, if the ethoxyquiﬁ is in
liquid form, or mixed inte the feed mixture.

The ethoxyquin should be incorporated into the feed in
an amount sufficient, that when fed to the animal for the
desired length of time, the shelf life of the food product
derived from the animal is extended. For example, in the case
of cattle, it has been found that the shelf life of the beef
derived from the cattle may be extended from a conventional
three to seven days to ten to fourteen days with an ethoxyquin
concentration in the feed of from about 25 to 1,000 ppm by
weight or mere, preferably from about 50 to about 500 ppm by
welght, more preferably from about 50 to about 200, even more
preferably from about 100 te about 200 ppm by weight, and
optimally from about 100 to about 150 ppm by weight. These
concentrations are based on the weight of feed in terms of dry
feed intake, as is standard in the industry for referring to
concentration. The particular optimum level of ethoxyquin
depends in part on the type of feed, with, for example, high
vegetable 0il level feed requiring higher levels of
ethoxyquin. Surprisingly, the ranges of ethoxyquin
concentrations found most desirable for the present method
falls between the ethoxyquin concentrations typically employed

for preservation of feed (up to, perhaps, 1,000 ppm by weight
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in the fat, whiéh in turn ordinarily makes up about 5% of the
feed, corresponding to an etheoxyquin concentration in the feed
of up to about 50 ppm by weight) and the ethoxyguin
concentration called for in practicing the method of the
Canadian Patent No. 2,087,792 ({0.05% to 0.1%, which
corresponds to 500 to 1,000 ppm by weight). Not only that,
but the optimal range, particularly 100 to 150 ppm by weight,
is well suited to the concentrations already permitted by the
U.5. Food and Drug Administration, which limits use of
ethoxyquin as a preservative in animal feeds to a maximum
concentrations up to 150 ppm by weight.

By adding the ethoxyquin to the feed shortly prior to
feeding as discussed above, the apparent disappearance of
ethoxyquin, perhaps due to oxidation, may be able to be
avoided. Thus, the desired ethoxyquin concentrations are not
just initial concentrations in the feed, but in the preferred
embodiment, the unoxidized ethoxyquin concentration of feed as
it is ingested by the animal.

It is believed that the concentraticns of ethoxyquin
found to be effectivevwith respect to cattle may be employed
with other animals with similar results. Moreover, it is
believed that the preferred ranges found with cattle, and
particularly the optimum range, would be desirable for other
animals as well. To the extent optimal dosages vary from
species to species, however, optimization may be readily

ascertained by these of ordinary skill in the art.
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The eth&xyquin may be used as the sole shelf life
enhancement aid, or it may be used in tandem with another
technique or additive. For example, if desired, the
ethoxygquin might be used in combination with Vitamin E, at a
relative ethoxyquin to Vitamin E ratio of choice.
Alternatively, or in addition, the resulting food product may
be treated. For instance, potassium sSorbate may be added to
meat to inhibit bacterial spoilage.

The ethoxyquin treatments preferably are applied
during the finishing stage of the animal; that is, during the
last period prior to slaughter. The treatment should be
continued for a length of time sufficient for the resulting
meat product to have an increased shelf 1ife. It has been
found that about 21 days is sufficient, but a treatment period
of at least about 28 days is preferable. The treatment can be
continued for as long as desired, but generally for meat
products, treatment would not extend more than about 150 days.

The resulting meat product has been found to have an
extended shelf life, and at a fraction of the cost of Vitamin
E treatment. For example, ground heef may have a shelf life
of ten to fourteen days as opposed to three to four days for
ground beef from untreated cattle. Similarly, it is believed
that increases in shelf life would be associated with other
meats and dairy products as well. In addition, beef treated
by the method of this invention has been found to appear
younger than the meat from cattle of the same age, but

untreated. This provides an additional significant advantage,
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as it allows desirable younger-colored beef to be obtained
from chronologically older cattle. While not wishing to be
bound to any particular theory, it is believed that this
effect may be associated with the anti-oxidant nature of
ethoxyquin, which may retard the aging process. Thus, it is
believed that similar slowing of the aging process wculd be
imparted to other animals receiving the treatment of this
invention as well.

The following examples describe preferred embodiments
of the invention. Other embodiments within the scope of the -
claims herein will be apparent to one skilled in the art from
consideration of the specification or practice of the
invention as disclosed herein. It is intended that the
specification, together with the examples, be considered
exemplary only, with the scope and spirit of the invention
being indicated by the claims which follow the examples. In
the examples, all percentages are ¢iven on a weight basis
unless otherwise indicated.

EXAMPLE 1

A preliminary study on Vitamin E was conducted.
Ninety-six steers (about 330 kg initially) were fed for 145
days diets comprising high moisture corn plus ground alfalfa.
The cattle and diets were very similar to those of many
commercial feedlots in the southern Great Plains. Once each
day, the diet was top-dressed with a corn-Vitamin E supplement
that provided either 100 IU or 300 IU Vitamin E daily fer each

of the eight steers in each pen, BRate and efficiency of gain
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tended to be greater with the higher level of Vitamin E. Rib

sections from these steers were recovered and placed in vacuum
packages, and transported to another location.

Conventionally, it is recognized that vacuum packaging tends
tc forestall discoloration to a limited degree. After aging
the rib sections in vacuum feor fourteen days, they were sliced
into steaks and one ribeye steak from each animal was exposed
under continuous cool white light in a display case for
fourteen days. Color and percentage discoloration (greying)

were visually scored each day. The results were as follows:

DISCOLORATION (% OF SURFACE}
DAY
100 IU/DAY | 300 IU/DAY
1 0 0
2 0 0
3 2 1
4 4 1
5 15 5
& 55 30
7 80 60
8 95 85
9 95 90
10 95 90

On days 4-8, the percentage of discolored colored meat was
significantly lower for steers fed the higher amount of
Vitamin E. Much of the exposed surface became grey and

discolored with either level of Vitamin E by day 9 of display.
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EXAMPLE 2

In another study similar to that described in Example
1, above, ribeye steaks and ground beef from cattle fed with
feed containing 150 ppm ethoxyguin for 28 days immediately
prior to slaughter and from control cattle were wrapped in
plastic and held in display cases. They were scored daily by
a team of assessors for color (8=cherry red, l=sbrown) and the

scores averaged, with the following results:

Steak Color Score Ground Beef
Color Score
Display | Control | EQ" Prob™ | Cont |EQ' Prob"
Time rol
{Days)
0 7.04 6.99 | 0.5675 [6.50 |6.50 1.000
1 7.12 6.94 | 0.0686 | 7.29 |6.58 0.0002
2 5.94 6.20 | 0.0266 | 4.54 [6.21 0.0001
3 5,79 6.02 [ 0.0808 |4.77 |6.09 0.0001
4 5,45 5.74 | 06.0725 | 3.98 [5.67 0.0001
5 5.16 5.58 | 0.0140 | 3.60 |5.63 0.0001
& B 4.97 5.33 | 0.038¢6 | 3.02 5.25 0.0001
7 4.62 4,99 | 0.0449 {2.33 [5.17 0.0001
8 4.13 4.59 10.0516 |1.52 |4.65 0.0001
9 3.43 3.82 10.1039
*Ethoxyquin treated
**Probability
EXAMPLE 3

One group of cattle was fed with feed containing 150
ppm ethoxyquin for 28 days immediately pricr to slaughter, and
a coentrol group was fed an identical diet, but without
ethoxyquin added. Their daily intake and weight gain were
monitored. Over the total length of the study (139 days), the

average daily feed of the control group was 21.4 lbs., while
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that of the group receiving ethoxyquin was 21.2 1lbs., and the

average welght gain of the control group was 4.19 lbs., while
that of the group receiving ethoxyquin was 4.24 lbs. Thus,
the ratio of feed to gain was 5.12 for the control group, but
cnly 5.02 for the ethoxyquin group. However, the difference
in diets occurred only during the last 28 days, so the
differences are muted by consideration of the entire 139 days,
the first 111 of which involved no difference between the
groups. An analysis of the last 35 days, therefore( clarifies
the difference: the average daily feed of the control group
was 22.7 1lbs., while that of the group receiving ethoxyguin
was 22.3 lbs., and the average weight gain of the control
group was 4.51 lbs., while that of the group receiving
ethoxyquin was 4.75 lbs. Thus, the ratio of feed to gain over
the final 35 days was 5.06 for the control group, but only
4.72 for the ethoxyquin group; an efficiency increase of 7.2%.
EXAMPLE 4

In another trial similar to that of Example 3, above,
in the first 105 days of the 139 day trial, the average daily
weight gain of the contrel group and the group to receive
ethoxyquin (it was not fed to either group of cattle in the
first 105 days) was essentially identical as would be
expected: 3.8 lbs. and 3.78 lbs., respectively. Over the
final 34 days, however, the average daily weight gain of the
control group was only 3.16 lbs., compared to 3.44 lbs. for
the group receiving ethoxyguin. The carcass effects were as

follows:
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Contrel |Ethoxyquin | % Difference
Dressing (%) 61.4 61.5 0.2
Rib eye area (%) 13.9 13.6 -2.2
Lean maturity 153 142 -7.2
Skeletal maturity 153 153 0
Marbling score 285 341 15.6
Rib fat thickness {(in.) 0.43 0.50 14.0
KPH fat (%) 2.17 2.26 4.0
USDA vield grade 2.27 2.67 15.0
Final yield grade 2.64 2.88 8.2
Liver abscesses (%) 6.7 4.5 -33.3
Weight (lbs.) 760 764
EXAMPLE 5

Odor offensiveness of cattle feces was graded (on a

scale from 1, representing least offensive, to 10,

representing greatest offensiveness)

by a team of assessors at

six and thirty hours of age for control cattle and ethoxyguin-

fed cattle. At six hours, the average score of the control

cattle feces was 5.19, and for the ethoxyquin-fed cattle was

4.18. At thirty hours, the average score of the control

cattle feces was 5.17, and for the ethoxyquin-fed cattle was

5.00.

In view of the above,

it will be seen that the several

advantages of the invention are achieved and other

advantageous results obtained.

As various changes could be made in the above methods

and compositions without departing from the scope of the

invention, it is intended that all matter contained in the
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above description shall be interpreted as illustrative and not

in a limiting sense.




WQ 99/04624 PCT/USI8/14389

10

21
What is Claimed:

1. A methed for extending the shelf life of a meat
product derived from an animal selected from the group
consisting of ruminant mammals, swine and fish, comprising
feeding to the animal a diet of feed comprising a substituted

1,2~-dihydroquinoline compound ¢f the formula

5
R \//:\\ o .R
T I
i | R
W -
“\»/ - N/\'

wherein R1, RZ, R3 and R4 are independently selected from the
group consisting of hydrogen and alkyl groups of from 1 to
about 6 carbon atoms, and RS is an alkoxy group of from 1 to
about 12 carbon atoms, the diet being continued for a period
of time, and the feed comprising the substituted 1,2-
dihydroquincline compound in an amount, sufficient to increase
the shelf life of the meat product.

2. A method as set forth in claim 1 wherein the
substituted 1,2Z-dihydroquinoline compound is 6-ethoxy-1,2-
dihydro-2,2, 4-trimethylquineline.

3. A method as set forth in claim 2 wherein the feed
comprises greater than 50 ppm by weight 6-ethoxy-1,2-dihydro-
2,2,4-trimethylquinoline.

4. A method as set forth in claim 3 wherein the feed
comprises at most about 1,000 ppm by weight 6-ethoxy-1,2-

dihydro-2,2,4-trimethylguinoline.
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5. A method as set forth in claim 3 wherein the feed

comprises from about 100 ppm by weight to about 1,000 ppm by

weight 6-ethoxy-1,2-dihydro-2,2,4-trimethylgquinecline.

6. A method as set forth in claim 4 wherein the feed

comprises from about 100 ppm by weight to about 200 ppm by

weight 6é-ethoxy-1,2-dihydro-2,2,4-trimethylguineline.

7. A method as set forth in claim 2 wherein the

animal is selected from the group consisting of ruminant

mammals

and swine.

8. A method as set forth in claim 7 wherein the

animal is selected from the group consisting of ruminant

mammals.

9. A method as set forth in claim B wherein the

animal is selected from the group consisting of cattle and

sheep.

10. A method as set forth in claim 9 wherein the

animal is cattle and the meat product is beef.

11. A method as set forth in claim 10 wherein the

peef has a shelf life of at least about ten days.

diet is

and the

diet is

and the

further

12. A method as set forth in claim 10 wherein the
maintained during the finishing period of the cattle
period of time is at least about 21 days.

13. A method as set forth in claim 12 wherein the
maintained during the finishing period of the cattle
period of time is at most about 150 days.

14. A method as set forth in claim 2 wherein the feed

contains vitamin E.
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15. A method as set forth in claim 2 wherein the feed
is prepared by mixing together a plurality of ingredients,
including at least one non-fat ingredient and adding 6-ethoxy-
1,2-dihydro-2,2,4-trimethylquinoline to all of the

5 ingredients, including the non-fat ingredients.

16. A method as set forth in claim 15 wherein the 6-
ethoxy-1,2-dihydro-2,2,4-trimethylquinoline is added to the
ingredients while the ingredients are bein§ mixed together.

17. A method- as set forth in c¢laim 15 wherein the 6-
ethoxy-1,2-dihydro-2,2,4-trimethylguinocline is added to the

ingredients after the ingredients have been mixed together.

18. A method as set forth in claim 17 wherein the
feed is fed to the cattle within one day of the addition of
the 6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline.

19. A method as set forth in claim 18 wherein the
feed is fed to the cattle within two hours of the addition of
the 6-ethoxy-1,2-dihydro-2,2, 4-trimethylquinoline.

20. A method as set forth in claim 15 wherein the
feed comprises greater than 50 ppm by weight 6-ethoxy-1,2-
dihydro-2,2, 4-trimethylquinoline. ’

21. A method as set forth in claim 20 wherein the
feed comprises at most about 1,000 ppm by weight 6é-ethoxy-1,2-
dihydro-2,2, 4-trimethylquineline.

22. A method as set forth in claim 20 wherein the
feed comprises from about 100 ppm by weight to about 1,000 ppm

by weight 6-ethoxy-1,2-dihydro-2,2, 4-trimethylquinoline.
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23. A method as set forth in claim 22 wherein the
feed comprises from about 100 ppm by weight to about 200 ppm
by weight 6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline.

24. A method as set forth in claim 20 wherein the animal is
5 selected from the group consisting of ruminant mammals and
swine.

25. A method as set forth in claim 24 wherein the
animal is selected from the group consisting of ruminant
mammals.

26. A method as set forth in claim 25 wherein the
animal is selected from the group consisting of cattle and
sheep.

27. B method as set forth in claim 26 wherein the
animal is cattle and the meat product is beef.

28. A methed as set forth in claim 27 wherein the but
has a shelf life of at least about ten days.

. 29. B method as set forth in c¢laim 26 wherein the
diet is maintained during the finishing period of the cattle
and the pericd of time is at least about 21 days.

30. A method as set forth in claim 29 wherein the
diet is maintained during the finishing period of the cattle
and the period of time is at most about 150 days.

31. A method as set forth in claim 20 wherein the 6-
ethoxy-1,2-dihydro-2,2,4-trimethylquincline is added to the

ingredients while the ingredients are being mixed together.
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32. A method as set forth in claim 20 wherein the 6-

ethoxy-1,2-dihydro-2, 2, 4-trimethylquinoline is added to the
ingredients after the ingredients have been mixed together.

33, A method as set forth in claim 32 wherein the
feed is fed to the cattle within one day of the addition of
the 6-ethoxy-1,2-dihydro-2,2,4-trimethylguincline.

34. A beef composition produced by the method of
claim 10,

35. A method for improving at least cne
characteristic of raising animals for slaughter, the
characteristic being selected form the group consisting of
feed efficiency of the animals, cdor of waste excretions of
the animals, rate of maturation of the animals, and incidence
of liver abscesses in the animals, and the animals being
selected from the group consisting of ruminant mammals, swine
and fish, the method comprising feeding to the animals a diet
of feed comprising a substituted 1,2-dihydroguincline compound

of the formula

wherein R1, R2, R3 and R4 are independently selected from the
group consisting of hydrogen and alkyl groups cof from 1 to
about 6 carbon atoms, and R5 is an alkoxy group of from 1 to
about 12 carbon atoms, the diet being continued for a period

of time, and the feed comprising the substituted 1,2-
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dihydrequinoline compound in an amount, sufficient to improve

the at least one characteristic.

36. A method as set forth in claim 35 wherein the
substituted 1,2-dihydroquinoline compound is 6-ethoxy-1,2-
dihydro-2,2,4-trimethylquinoline.

37. A method as set_forth in claim 36 wherein the
feed comprises greater than 50 ppm by weight 6-ethoxy-1,2-
dihydro-2,2,4-trimethylquinoline.

38. A method as set forth in claim 37 wherein the
feed comprises at most about 1,000 ppm by weight 6-ethoxy-1,2-
dihydro-2,2,4-trimethylquinoline.

39. A method as set forth in claim 37 wherein the
feed comprises from about 100 ppm by weight to about 1,600 ppm
by weight é-ethoxy-1,2-dihydro-2,2,4-trimethylquincline.

40. A method as set forth in claim 38 wherein the
feed comprises from about 100 ppm by weight to about 200 ppm
by weight 6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline.

41. A method as set forth in claim 36 wherein the
animals are selected from the group consisting of ruminant
mammals and swine.

42. A method as set forth in claim 41 wherein the
animals are ruminant mammals.

43. A method as set forth in claim 42 wherein the
animals are cattle.

44. A method as set forth in claim ¢3 wherein the at

least one characteristic is feed efficiency of the cattle.
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45. A method as set forth in claim 43 wherein the at

least one characteristic is odor of waste excretions of the
. cattle.

46. A method as set forth in claim 43 wherein the at
least one characteristic is rate of maturation of the cattle.

47, A method as set forth in claim 43 wherein the at
least one characteristic is incidence of liver abscesses in
the cattle.

48. A method as set forth in claim 47 wherein the
improvement in the incidence of liver abscesses in the cattle
is a reduction in the fregquency of absescesses over what is
encountered by cattle whose diet does not include the

5  substituted 1,2-dihydroquinoline compound.

48, A method as set forth in claim 47 wherein the
improvement in the incidence of liver abscesses in the cattle
is a reduction in the severity of absescesses over what is
encountered by cattle whose diet does not include the

5 substifuted 1,2-dihydroquineline compound.

50. A method as set forth in claim 43 wherein the
diet is maintained during the finishing period of the cattle
and the period of time is at least about 21 days.

51. A method as set forth in claim 50 wherein the
diet is maintained during the finishing period of the cattle
and the period of time is at most about 150 days.

2 52. A method as set forth in claim 1, wherein the

feed is free of added N3 fatty acids.
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