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& (57) Abstract: A stabilized carotenoid-based pigmenter free of synthetic antioxidants for the addition to animal feed to add color
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to tissues of animals fed the animal feed. The carotenoid-based pigmenter contains free-form carotenoids obtained from natural
sources through a saponification reaction. A natural antioxidant, such as grape seed extracts, green tea extracts, clove bud oil, clove
leaf oil, Vitamin C, cinnamon leaf oil, oleoresin turmeric, tocopherol, tocotrienol, rosemary extracts and gallic acid or salts thereof
combined with a diluent, preferably glycerol or a glycerol-like substance, is added to the pigmenter after the saponification reaction.
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CAROTENOID-BASED PIGMENTER

[0001] This application claims priority to United States Patent Application Serial No.
60/876,942, filed December 22, 2006.

Background of the Invention

[0002] The present invention relates generally to carotenoid-based pigmenters and, more
specifically, to a carotenoid-based pigmenter that is stabilized against oxidation by a natural
antioxidant.

[0003] Appearance is one of the important criteria for the selection of foods by consumers. The
enhancement of the color of dressed chickens and egg yolks :s a tesult of increasing the
carotenoids in the feed. Pigmenter products, including carotenoid-based pigmenter products, are
subject to oxidation. Synthetic antioxidants such as ethoxyquin, butylated hydroxyanisole
(BHA), and butylated hydroxytoluene (BHT) are often introduced into the final pigmenter
product for stabilization purposes, Ethoxyquin is one of the most common synthetic antioxidant
used in food and feed applications. A popular carotenoid-based pigmenter uses ethoxyquin as the
antioxidant to protect the carotenoids against oxidation. Howeyver, the use of ethoxyquin remains
a controversial subject due to the purported health concerns especially on pets. Recently, the
Japanese government has started efforts looking at possibly replacing the ethoxyquin with -

alternative antioxidants preferably from natural sources.

Summary of the Invention
[0004] Novel carotenoid-based pigmenter compositions were developed using gallic acid

combined with glycerol or glycerol-like substances as the antioxidant. The new compositions
were compared against an existing carotenoid-based pigmenter product which used a synthetic -
antioxidant for the stability of the carotenoids and maintenance of pigmentation efficacy. The
new pigmenter compositions were found to be as effective on the stability of the carotenoids, and
specifically trans-capsanthin, as the pigmenter product stabilized witil a synthetic antioxidant

(P>0.05). The pigmentation efficacy of both products was comparable.
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Detailed Description of Preferred Embodiments

[0005] Virtually all carotenoid-based pigmenters in the commercial market place contain
carotenoids extracted from natural sources. Most carotenoids are present in natural sources in
esterified form where the carotenoid is combined with an ester, To obtain the free form of the
carotenoid, a saponification step is performed, typically using a strong alkali, In the process for
forming the improved pigmenter products from natural sources using gallic acid as the
antioxidant, the gallic acid must be added after the saponification step. Further, it is necessary
that the gallic acid be added together with a diluent, preferably glycerol or a glycerol-like
substance, to assist in dispersal of the gallic acid through the Pigmenter product and improve the
efficacy of the gallic acid in protecting the carotenoid-based pigmenter product against
oxidation, Another benefit of the improved pigmenters is that the efficacy of the pigmenter in
adding color to animal tissues is not adversely affected by the use of the natural antioxidant
system,

[0006] This invention consists of an antioxidant system, which incorporates natural antioxidant
compounds (such as grape seed extracts, green tea extracts, clove bud oil, clove leaf oil, Vitamin
"C, cinnamon leaf oil, oleoresin turmeric, tocopherol, tocotrienol, rosemary extracts and gallic
- acid) into solid and liquid formulations. As the natural antioxidant molecule may have limited
solubility in the pigmenter products, natural diluents such as benzyl alcohol, glycerol and water
were selected as the carrier to enhance the dispersion of the natural antioxidant molecule into the
pigmenter products. Our results have indicated that when gallic acid is used as the natural
antioxidant added to the pigmenter, the amount of gallic acid is between 0.01 and 5 weight
percent, preferably between 0.1 and 3 weight percent, and more preferably between 0.5 and 2
weight percent. The diluent is added to the pigmenter in an amount between 0.5 and 15 weight
percent, preferably between I and 10 weight percent, and more preferably between 2 and 8
weight percent. The combination of approximately 1% of gallic acid with 4% glycerol exhibited
the best antioxidant potency. In addition, the stability data revealed tpat this product was stable
up to 9 months, In our studies, we discovered that the sequence of adding the natural antioxidant
into the process is very critical. The natural antioxidant has to be dissolved in the diluent for
dispersion into the saponified pigment to act as the antioxidant. Furthermore, when using gallic
acid in glycerol, the solution has to be added after the saponification step to avoid neutralization

of gallic acid by the alkaline and to maintain the requisite degree of saponification.
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[0007] In addition, the semi-synthetic antioxidants such as propyl gallate, octy! gallate, dodecyl
gallate and ascorbyl palmitate exhibit similar antioxidant properties with gallic acid and can be
used within the scope of this invention, Other synthetic diluents can be used are monopropylene
glycol, polyethylene glycol and alcohol-like solvents. Glycerol-like compounds include
compounds wherein one of more of the hydrogen moieties of glycerol are substituted with a
different moiety and wherein the substituted compound still exhibits good dispersion of the

antioxidant when added to the carotenoid-based pigmenter.

[0008] EXAMPLE
[0009] Materials and Methods

[0010]  All chemicals and reagents used in the analytical protocols were of analytical reagent

grade. Commercial food grade gallic acid, ethoxyquin, glycerol, propylene glycol, potassium
hydroxide, wheat bran and silica were used in the product development studies.

[0011]  Carotenoids Assay. A sample of 0.5 g (+/--0.1 mg)-is added to a 100 ml brown
volumetric flask. The flask is filled with HEAT (hexane:ethanol:acetone:toluene — 10:6:7:7) as-

the extracting solvent and stirred with a magnetic stir bar for 15 min. Five ml is transferred by
pipette to a 50 mi brown volumetric flask, diluted to the mark with HEAT, and shaken to mix the
contents. A cuvette of a UV-visible spectrophotometer is filled with the solution and absorbance
is measured at 460 nm against the extracting solvent. Note that the amount of the sample may
need to be adjusted if the absorbance is not between 0.3 and 0.7, The total carotenoids is given

by the following formula, where Aug is the absorbance at 460 nm:
Total Carotenoids (g/kg) = [A4go x 4.426)/Sample weight

[0012]  Trans-capsanthin Assay. A sample of 0.4 g (-+/- 0.1 mg)} is added to a 100 ml brown
volumetric flagk. To the flask is added 30 ml HEAT (hexane:ethano}:acetone:toluene - 10:6:7:7)

as the extracting solvent and the flask is sonicated for 1. min. One ml distilled water and 2 ml of
40% KOH-methanol are added to the flask. An air condenser is connected to the flask and the
flask is heated in a 56°C water bath for 20 min. The contents of the flask are transferred to a first
300 ml separating funnel and washed with 30 ml of extracting solvent and 40 ml of 3% Na;SO,

solution. The first separating funnel is shaken for 30 sec and set aside for separation. When
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separation has occurred, the lower aqueous layer in the first funnel is transferred to a second 300
ml separating funnel and 30 ml of the extracting solvent is added. The second separating funnel
is shaken for 30 sec and set aside for separation. When separation has occurred, the lower
aqueous layer in the second funnel is discarded and the upper, organic layers from the two
separating funnels is combined in one of the funnels. Fifty ml of 3%NaCl is added and the
funnel is shaken for 30 sec and set agide to allow separation. The lower aqueous layer is
discarded. The remaining layer is washed with 50 ml of distilled water and the lower aqueous
layer is discarded after separation, An extra wash may be required if the lower layer is not
neutral, as determined by a few drops of 1% phenoIphthalein{solution. The top organic layer is
transferred to a 100 ml brown volumetric flask and the flask is filled to the mark with the -
extracting solvent. Two ml is transferred by pipette to a 50 ml round bottom flask and the
solution is evaporated to dryness in a rotary evaporator, A mobile HPLC phase is created by
adding 63 ppm analytical grade a-tocopherol to HPLC grade hexane and combing the hexane
with HPLC grade acetone is a ratio of 81:19 hexane:acetone. Two ml of the mobile phase is
added to the round bottom flask and the solution is again evaporated to dryness. Two ml of the
mobile phase is added and the solution is injected into the HPL:.C (Shimadzu CL.C-SIL(M); 1.1 -
ml/min flow rate; detection at-474 nm; 20°C; 20 pl injection volume). The amount of trans-

capsanthin is given by the following formula:
Total Trans-capsanthin = Total Carotenoids x % area from the chromatogram

[0013] Ethoxyquin Assay. Add 1 g (+/- 0.1 mg) into a stoppered 50 ml conical flask. Add 10

ml of solvent (0.1 g BHT in 1 | methanol) and sonicate for 30 min. Filter the solution using No.

4 paper and collect the filtrate in 100 ml round bottom flask. -Thoroughly rinse the conical flask
and the filter paper with 50 m] of the solvent. Collect all of the filtrate in the round bottom flask
and dry using a vacuum distillation apparatus with two gas traps, the first filled with silica and
the second with anhydrous calcium chloride. Dissolve the dried sample in 5 g of a second
solvent (1:1 acetonitrite:methanol; 0.05 g BHT per liter). Filter the sample through a 0.2 pm disc
filter. An ethoxyquin standard is prepared by dissolving 0.01 g of ethoxyquin in 10 g of the
second solvent and using serial dilution to reach 0.1 ppm ethoxyquin.. The sample and the

ethoxyquin standard are injected into the HPLC (C18, 5 pum, 4.6 x 250 mm; 40°C; CH3CN:H,0
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(75:25) mobile phase; 1 ml/min flow rate; 20 pl injection volume; spectroﬂuorometer, Ex 360
nm, Em 435 nm) using the sequence standard, sample, standard. The amount of ethoxyquin is
given by the following formula, where SA,,. is the average of two standard peak areas from the
HPIL.C chromatogram, Sample Area is the area of the sample peak from the HPLC

chromatogram, and EQgq is the amount of ethoxyquin (ppm) in the standard:
Ethoxyquin in sample (ppm) = Sample Area x EQgq /5 X SAaye

[0014])  Antioxidant Assay. The screening of antioxidant Ipolecules was done using the DPPH

(2,2-diphenyl-1-picrythydrazyl) method. A standard 0.1mM DPPH homogencous solution was
prepared in ethanol under sonication. The absorbance of this standard solution was measured in a
Shimadzu spectrophotometer (Model UV-2401PC) at 517 nm against the ethanol blank. A 100-
ppm homogeneous test sample solution was prepared by dissolving the sample in ethanol. The
solution was sonicated for five minutes to ensure the complete dissolution of test sample in
ethanol. 1 ml of this sample solution was pipetted into a test tube and diluted to 10 ml using
ethanol. The absorbance of this test solution was measured at 517 nm against an ethanol blank. 2
ml of the standard 0.1 nM DPPH solution was taken into a test tube and 0.1 ml of the test sample -
was added. The mixture was vortexed for 1 minute and left to stand for 15 minutes before the ’
absorbance was measured at 517 nm against an ethanol blank. The percentage oxidation .

inhibition was célculated as below:
% Oxidation inhibition = [(1-{Ag — Awkg))/Acu] x 100;

- where Agy is the absorbance of test sample-solution after 15 minutes of reaction with DPPH,
Apkg is the absorbance of 100-ppm test sample solution, and Ay is the absorbance of standard
100 ppm DPPH solution.

[0015] The pigmentation efficacy of the new product was tested using 44-week old Lohman LSL

N

Classic layer birds. There were 20 birds per treatment. The duration of the trial was 24 days. The
dose of pigment products in the feed was 0.14%. Ten eggs per treatment were collected after the

24-day trial and analyzed for the Roche color fan (RCF) score.
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[0016] GraphPad Prism (San Diego, US), Version 3.02, software was employed for the statistical

analysis.

[0G17] Results and Discussion

[0018] Four experimental pigmenter formulations containing 2.55 g/kg trans-capsanthin were

made with 0.8%, 1.1%, 1.5% and 2.0% gallic acid, respectively, using Kem GLO®, a dry
stabilized source of red carotenoids, including trans-capsanthin, from saponified paprika extract
and sold by Kemin Industries (Asia) Pte Limited (Singapore}. The stability of the carotenoids in
these formulations was tested both at 75°C and at room temperature in open bags.

100191 Table 1 gives the stability of carotenoids of these experimental formulations in the
stressed condition at 75°C. The results showed no significant difference between the

formulations with different gallic acid concentrations (P>0.05).

[0020] Table 1; Retention of carotenoids in experimental carotenoid-based pigmenter

formulations with different gallic acid (GA) concentrations stored at 75°C

Time/ | Pigmenter with | Pigmenter with Pigmenter with | Pigmenter with | Pigmenter with
hrs | 0.8%GA 1.1% GA _1.5% GA 2.0 % GA -~ EQ

Total % Total % Total % Total % Total %%

Carot- | Reten | Carot- | Reten | Carot- | Reten | Carot- | Reten | Carot- | Reten
enoids | -tion | enoids | -tion | enoids | -tion | enoids | -tion | enoids | -tion
(g/ke) (g/ke) (g/kg) (g/kg) (g/kg)

Initial | 6.64 100 6.85 100 7.09 100 | 6.66 100 6.72 100 -

24 559 8419 | 584 | 8526 | 6.03 85.05 1 5.50 82.58 | 6.52 | 97.02

48 435 16551 | 454 | 6628 | 459 |64.74 | 430 | 6456 | 579 | 86.16

72 316 | 47.59 | 349 | 50.95 | 3.65 5148 | 3.32 | 49.85 520 | 77.38

[0021] In the other stress test, conducted at room temperature but in open bags, the results
showed no significant difference (P>0.05) between the gallic acid and ethoxyquin formulations
(Table 2).
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[0022] Table 2: Retention of carotenoids and trans-capsanthin in pigmenter formulations with

ethpxyquin and gallic acid at room temperature in open bags

Pigmenter with 4% ethoxyquin Pigmenter with 0.8% gallic aCld
Days Total % Total % Total % Total Y%
carote- | Reten- | Capsan- { Reten- | carote- | Reten- { capsan- | Reten-
noids tion thin tion noids tion thin tion
(g/kg) (g/kg)
Initial 7.21 100 3.16 100 6.72 100 3.12 100
16 7.45 10330 | 3,08 97.47 6.31 93.90 2.9 93.00
32 7.21 100% 3.04 96,20 6.27 93.30 2.89 92.63

[0023] Another pigmenter composition was formulated havirig 3.8 g/kg trans-capsanthin and

stabilized with 1.1% gallic acid. This compesition was subjected to a real-time stability study in

closed bags along with regular Kem GLO® (stabilized with ethoxyquin) and a similar

formulation without an antioxidant. The results (Table 3) showed that the stability of total

carotenoids and trans-capsanthin in the Kem GLO® formulation without antioxidant was -

significantly lower than the other two formulations containing either ethoxyquin or gallic acid

{P<0.05), and that the latter two products were not significantly different in stability (P>0.05).

[0:024] Table 3: Retention of total carotenmds and trans capsanthin in mgmenter formulations

w1thout an}lmdgnt, with gallic acid or ethoxyquin (EQ)

Plgr;:t?;c;;;:lﬁ?ou_t Pigmenter with gallic acid - Pigmenter with EQ
midiat| > | % | nitial| > % | nitial | O %
months | Retention months | Retention months | Retention
Total o
carotenoids | 10.43 | 4.41 42.28" | 10.08 | 8.67 86.01° | 10.98 | 9.84 89.62°
g/kg
Trans- ‘ ‘
capsanthin | 3.68 1.77 48,10 | 4.48 4.15 95.09" 3.87 4.02 103.88
g'kg '

"PRows with no common superscripts differ significantly (P<0.05)

o

[0025] The experimental composition containing 3.8 g/kg trans-capsanthin and stabilized with

1.1% gallic acid was subjected to a pigmentation efficacy trial along with Kem GLO® products

(with and without ethoxyquin), and a publicly available dry carotenoid-based pigmenter product

also with the same trans-capsanthin content (Kokhin, Japan). All treatments received the same
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tevel (0.14%) of pigment in the feed. The results of the RCF scores for the different treatments
showed that the yolk from layers receiving the experimental pigmenter composition containing
gallic acid achieved a RCF score of more than 13. There was no significant difference noted on

egg production, egg weight and eggshell strength among the different treatments.

[0026] Conclusions

[0027] From the present study it was found that gallic acid could replace ethoxyquin as an
antioxidant in dry carotenoid-based pigmenter product and provide a good protection for the
carotenoids, including trans-capsanthin, against oxidation. Tlge stability of carotenoids and trans-
capsanthin in the new product with gallic acid was comparable to the existing product stabilized
with the synthetic antioxidant ethoxyquin (P>0.05). The efficacy trial showed that the new
p.roduct was able to give the desired RCF score of 13 in the egg yolk.,

[0028] The foregoing description and clrawihgs comprise illustrative embodiments of the present
invehtions. The foregoing embodiments and the methods described herein may vary based on
the ability, experience, and préférén’ce of those skilled in the art. Merely listing the steps of the
“method in a certain order does not constitute any limitation on the order of the steps of the
method.. The foregoing description and dra_Wi_ngs merely ekplai’ri énd illustrate the_in{/ention, and
the invention is not limited thereto, except insofar as the claims are so limited. Those skilled in
the art who have the disclosure before them will be able to make modifications and variations

therein without departing from the scope of the invention.
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We claim;

1. A stabilized carotenoid-based pigmenter for the addition to animal feed to add color to
tissues of animals fed the animal feed, comprising:
(2) a carotenoid-based pigmenter containing free-form carotenoids obtained from
natural sources through a saponification reaction; and
(b)  anatural antioxidant selected from the group consisting of grape seed extracts,
green tea extracts, clove bud oil, clove leaf oil, Vitamin C, cinnamon leaf oil,
oleoresin turmeric, tocopherol, tocotrienol, rosemary extracts, and gallic acid or
salts thereof combined with a diluent and added to the pigmenter after the

saponification reaction.

2. A pigmenter as defined in claim 1, wherein the pigmenter contains between about 0.01%

and about 20% carotenoids by weight.

3. A pigmenter as defined in claim 1, wherein the gallic acid or salts thereof are between

about 0.01% and about 5% of the pigmenter by weight.

4 A pigmenter as defined in claim 1, wherein the antioxidant is gallic acid or salts thereof
and the diluent is glycerol or glycerol-like substances thereof and the ratio of gallic acid or salts
thereof to glycerol or glycerol-like substances is between about 0.1 to about 2, and preferably
‘between about 0.2 and 1.5,

5. A method of adding color to the tissues of an animal, comprising the steps of’
(a) extracting one or more esterified carotenoids from a natural source;
(b)  saponifying the extract to produce a pigmenter having free-form carotenoids;
(¢) ~ combining gallic acid or salts thereof with glycerol or a glycerol-like substance to
produce a natural antioxidant;
(d)  adding the natural antioxidant to the pigmenter to produce a stabilized pigmenter;
(e) adding the stabilized pigmenter to an animal feed; and

£y feeding the animal feed to an animal.
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6. A method as defined in claim 5, wherein the color added to the tissues of the animal is
equivalent to that from feeding an equal amount, on a carotenoid basis, of the pigmenter

stabilized with a synthetic antioxidant.

10
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