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MAINTAINING THE;CAROTENE IN POULTRY FEEDS

ROLLIN H. THAYER and V. G. HELLER'
Oklahoma Agriculfural Experiment Station, Stillwater

INTRODUCTION .

Carotene, a normal consituent of most plant life and especially abundant
in rapidiy growing dark-green succulent leaves and in yeliow plant tissues,
is synthesized during the process of digestion into Vitamin A, a very im-
portant food constituent. Carotene, like vitamin A, is unfortunately a labile
compound easily subject to destruction by light and heat. A green grass or
plant when cut for hay or food often loses more than half of its caro
when left to dry in the sunshine. Itthecunngp:ooesslsprolonged by rains
or foggy weather, this destruction is increased. Hay which has been dried
and piaced in the mow continues to deteriorate owing to the action or oxi-
dative enzymes present. If the green piant can be very quickly dried with-
out exposure to sun and wind as is done in the preparation of dehydrated
alfalfa, most of the oxidative enzymes are destroyed by heat and the caro-
tene is preserved for a much-longer period of time. If this process can be
hastened by sudden steam blanching of green plant material prior to dehy-
dration, most of the destruction of carotene by oxidative enzymes present in
the plant, is prevented. Unfortunately, however, other destructive processes
that are somewhat active even in dehydrated foods result in a slow deteri-
oration.

Livestock do not need many of the vitamins required by man owing in
part to their ability to secure them from bacterial synthesis, but vitamin A
derived largely from carotene is needed for poultry and livestock in the
Southwest. This is true not only in winter when grain and dry material
make up the bulk of the feed, but also during long periods of summer drought.
Inadequate supply and high cost of fish liver oil often forbid its use, 8o that
any means of securing other sources of carotene or of preserving present
supplies becomes of great economic significance. This is especially true for
mixed poultry feeds which are used in brooders where the chickens have no
access to green feed, and, to a lesser degree, for flocks confined to dry-lot
feeding.

These statements are founded upon publications generally known and
too numerous for complete citation. Certain articles referring to carotene
(Fraps and Kemmerer 1938, Heywang and Morgan 1939, Taylor and Russell
1944, Wilder and Bethke 1941), those referring to the increased destruction
due to the presence of certain constituents (Fraps, Meinke, and Keiser 1943;
Mann 1945; Marcus 1945), and others concerning inhibition of oxidation o!
carotene (Baumann and Steenback 1933; Bethke, Record, and Wilder 1939;
Bickoff, Williams, and Sparks 1845; Holmes, Corbet, and Hartzler 1936; Lov-
ern 1944; Silker, Schrenk, and King 1944; Willlams 1943) should be men-
tioned.

Our experimental work was conducted to measure the carotene of
Oklashoma-grown feeds under local conditions both with and without in-
hibitor.

The experiments here reported were designed to determine: (1) The
carotene present in feeds; (2) the rate of destruction as influenced by temp-
erature, humidity, and air currents; (3) methods of preventing deterioration
by (a) the use of antioxidants of natural oils and chemicals, and (b) by
packaging, pelleting, or sealing.
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EXPERIMENTAL

., .. ,The first experiments were conducted during the winter months, alfalfa
" Jeaf meal being used as the natural source of carotene. Ten percent of this
‘mesl was mixed with 00 percent of & growing-chick ration (basal)* and

. W treated with glycerol monosterate, VioBin, Avenez, nordihydro-

acid (NGDA), soybean oll, and alpha-tocopherol, as shown in

Table I. One series of samples was stored at room temperature, and a sec~
ond series was stored at 100° P in m alr. The carotene was determined
at. intervals by the ‘method of Wall and Kelly (1943). The results of the
alfalfa-leaf-meal mixtures are illustrated in Chart 1.

‘Two outstanding facts that verify many previous reports: The de-
of carotene is hastened by higher temperatures; none of the
mmﬂlmma?remsgrmm%e. Severalofttll;tenatumloﬂsun~
doubtedly have some value. ybean oil seemed as satisfactory as any in
this and later experiments.

Serles I1.

The second set of experiments was made during summer months and
involved samples contalning carotene from alfalfa in a concentrate, ex-
tracted with alcohol and ether, from green succulent Sudan leaves, and from
samples supplemented with a synthetic vitamin-A concentrate. The con-
tent of these samples is listed in Table II. Chart 2 shows the results ob-
tained with the carotene and Chart 3 records the vitamin-A determinations.

TABLE I

Denydrated-alfalfc and feed miztures used for measuring the deterioration
of carotene, October 1945—January 1946

Alfalfa
(1) Commercial dehydrated alfalfa leaf meal
(3) Basic feed containing 10 percent commercial alfalfa leaf meal
Sterol
(3) Alfalfa leat meal plus 5 percent sterol dissolved In alcohol
(4) Basic feed plus 10 percent of mixture 3
VioBin Wheat-Germ Ofil
(8) Alfalfa leaf meal plus 1 percent VioBin
(6) Basic feed plus 10 percent of mixture 5
Avenex
(1) Alfalfa leaf meal and Avenex
(8) Basic feed plus 10 percent of mixture 7

NGDA
® Altal!:n leat meal plus 02 gm NGDA plus 9.08 gm purified soy-

(10) Basic feed plus 10 percent of mixture 9
Soybean Ofl

(11) Alfalfa leaf meal plus 1 percent soybean oil

(13) Basic ration plus 10 percent of (11)

Alpha-Tocopherol
(13) 964 gm alfalfa leaf meal plus 6 gm alpha-tocopherol

. In these mixtures of alfalfa leal meal and basal ration approximately
only 18 percent of the original carotene was retained. The use of VioBin
'mmzmmmmmmammmmmmmmn
carotens potency. It will be observed that destruction during the summer
.months was greater than during the winter. )

*Baspl ration (percentages) : Ground yellow corn, 23; wheat shorts, 20; wheat bran,
-mmmm.m;umnmmm;mms:mms;
264t and bone acrap, 10; dried buttermilk, 5; calclum carbonate, 3; and salt, 1.
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Decrease in Carotene Content of Alfalfs |
Leaf Meal at Stated Intervals

Micrograms Carotene Fer Gram Feed

~ Winter Storage : Closed Room at 75°F
== Winter Storage : Closed Room at I105°F

Owc. 3
Dec. 17
san. 7

:

Nov. §

The vitamin-A samples stored under identical circumstances likewise
deteriorated, and the destruction took place in all mixtures. Sample 7, con-
taining soybean olil, retained vitamin A slightly better than the other mix-
tures. The effect was so small, however, as to be of doubtful significance
from an economic standpoint.

Series 111. . .



TABLE II T
Mlstisres weed in he of varions -
the preservation of carotene and A, June 1946-—Septemder 1946
1) 200 gm alfalfa leaf meal
(2) 200 gm alfalfa leaf meal + 50 gm VioBin
(3) 600 gm bran flour + 400 gm vitamin-A mixture
(4) 000 gm bran flour + 400 gm vitamin-A mixture 4 100 gm VioBin
(8) 600 gm bran flour + 400 gm vitamin-A mixture + 100 gm VioBin +
- 850 gm glycerol monosterate—glycerol monosterate was dissolved in
‘ Vtoatnapdheaoed
(6) 800 gm bran flour + 400 gm vitamin-A mixture 4 100 gm Avener
() 500 gm bran flour + 400 gm vitamin-A mixture 4+ 100 gm soybean oil
(8) 930 gm bran flour + 70 gm carotene concentrate®
(9) 930 gm bran flour + 70 gm carotene concentrate + 18 gm VioBin
(10) 830 gm bran flour 4+ 70 gm carotent concentrate + 18 gm Avenexr
(11) 50 gm concentrate mixture 8 + 860 gm basal feed
(13) 580 gm concentrate mixture 10 + 860 gm basal feed

-AVitamin-A mixture: 2600 gm bran flour 4 1 gm vitamin-A conocentrate.
¥I'he natural plant carotene concentrate was made by evaporating 400 ml of extract
oleuponzoogmorbnnnour

TABLE II1

Mized feeds containing antloxidants and inhibitors used in carotene
determination studies, January 19 to April 12, 1846

» Alfalfa
1) 1000 gm alfalfa untreated \
(Im) 910 gm feed mix + 90 gm alfalfa
(3m) 8ame as 1Im but stored in air-proof bag
(3m) Same as lm but ground finely and stored in bag

(ém) 900 gm feed mix + 100 gm of mixture 6
Avenex

(7 960 gm alfalfa + 40 gm Avenexr

(Tm) 9010 gm feed mix + 90 gm of mixture 7
VioBin

®) $80 gm alfalfa 4 20 gm Viodin

(8m) 910 gm feed mix 4+ 90 gm of mixture 8

Alpha-Tocopherol
()] 1000 gm alfalfa 4+ 10 gm alpha-tocopherol

at the higher temperature. Also, there was some inhibiting action on the part
‘'of antioxidants, n mmcmmmt;u&MVbMMnotwatho(m
cken

had previously better tion. Some of the methods used
were: Pelleting the feed; pelleting and with cellulose acetate; coating
£he meal with an oil; , and then with aocetate; coat-
ing the meal with 3 coating the meal with cellulose
atetate and The contents of thess mixtures are given in Table IV.
The decrease in the during June, July, August, and
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under open-room conditions is illustrated in Chart 5. Sample 88
ts the loss in carotene content of the alfalfa leaf meal stored under

These results indicate that carotehe deteriorates ra
feeds, especially during hot windy weather, and that to date no method is
xnown to inhibit these changes beyond storing the alfalfa in cool dark rooms
and mixing small amounts of feed as needed, or relying upon the use of green
succulent cereal grasses or leafy feed. A small amount of such natural green
feed serves to supply the needed carotene and to maintain the normal carotene
content of chicken blood and eggs.

Canhngpe Content of Feed with Added Inhibitors

n Room and Summer Temperalures
Jne to September 1946
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1§ CHART I¥
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Carofene Content of Feed Mixtures
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TABLE IV

Method of preparing feed mixtures used in carotene-retention studies,

Lot 1.
Lot 2.
Lot 3.
Lot 4.
Lot 6.
Lot 6.
Lot 7.

Lot 8.

June 13, 1947
100 1b basal
100 1b basal pelleted
100 1b basal pelleted and coated with cellulose acetate
100 1b basal (minus alfalfa leaf meal) 4 10 1b alfalfa leaf meal
coated with 2 1b soybean oil—pelleted and coated with cellulose

acetate
100 1b basal (minus alfalfa leaf meal) + 10 lb alfalfa leaf meal

basal (minus alfalfa leaf meal) 4 10 1b alfalfa leaf meal
with 2 Ib soybean oil and coated with cellulose acetate—



c‘rofmo Content of Pelleted Feeds
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OONCLUSIONS

Dry ground alfalfa leaf meal is a source of carotene but aging reduces
its potency. good

Increased temperature and aeration hasten oxidation.

vmmummmummnmmmmmmmmnu,
have been of some value but not enough to be economically useful.
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