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LOSS, DURING STORAGE, OF VITAMIN A
FROM ALFALFA LEAF MEALS FED
TO CHICKENS

By Bear W. Hevwaxe, associate poullry husbandnan, aud Repoops B MoRrgax,
Jundor ponltry fiusbandman, Burerw of ~tnimal Jndustry
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INTRODUCTION

Although alfalfa leaf menls ave commonly nsed as one of the sources
of vitamin A tn diets for pouliry, little atiention is ordinarily paid to
the age of the meals used.  However, the subjeet has reeclved some
scientific consideration.  Fraps and Treichler® stated that the loss
of vitumin A in alfalia leaf meal stored at room temperature in mason
jars for 11 months may be 50 percent of thie vitamin A griginally
present. Smith ? reported that leaves of baled aifalfs stored about
14 months in 2 Iiay barn contained 50 percent less vitamin A\ than the
leaves of freshiy baled alfaifa,

1t seemed desirable to obtain data on the loss of vitamin A from
alfalin leaf meals during storage in paper-lined burlap bags, inasnuch
as alfalfa leal meals are now commonly packed and stored in sucl
bags. Accordingly, a series of feeding trinlz with ehicks was conducted
at.the Southwest Poultry Experiment Station of the Burenu at Glen-
dale, Ariz., for the purpose of studying the offect of the length of the
storage period on the relative vitamin A content of alialla leal meal
thus packed and stored.

_ EXPERIMENTAL PROCEDURE
by . - -
oThe first trial was begun on November 16, 1934, when the meals
were about 1 mouth old.  The remaining trials were begun when the
meals were of about the following ages: Second trial, 4 months; third
trial, 7 months; fourth trial, 14 months; fifth, and last, trisl, 24 months.
! Submitied for publicazlon July ¢, 1938,
? FRaps, (i 8, and TREICHLER, LAY, EPFECT OF STORMGE ON VITAMIN A IN DRIED FooDs. Indus
and Engin. Chem. 95: 465986, 1933,

2 SyiTa, MARGARET CAMMACE. TUE EFFECT OF STORAGE UPOY THE VITAMIN 4 CGNTENT OF ALEALFA
EaY. Jour. Agr. Hesearch §3: Gul-G4d. 1046,
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Rhode Island Red chirks were used in all five {rials. At the be-
ginning of each tria} there were 45 chicks on each diet.  They were 1
day old when first fed the experimental diets. The chicks were
weighed individually on the first and fourteenth days after haiching
and at 14-day intervals thereafter until they were 70 days old. The
quantities of feed consumed during the initral 13-day period and the
subsequent t4-dav peviods were recorded. The chicks were confined
%n houses similar ip all respeels and were brooded under similar electric
10VETS.

The following hasal dict lmown to be deficient in vitamin A but
adequate in all the other known nutritive factors was used. This
diet was emploved by Heywang and Titus ? in previous experiments
with alfalfa ieaf meal.

Porcest

Gro o white con
Wheat middlings_ L oo e naamma
Commerical easein
Pure dried yeast. . e
Grouud limesione
Sean 1 honemenld
Commion sall
Trradinteed ergostorel iu oil (2,080 inlernational unils of vitamin D

pel A

The following eight diets were fed in cach of the five trials:

Triet 1—Basal dict ontv .negat’ve control dief}.

it 2-—Basal diel exeept that {he iveadiated evgosterol in oil was replaced,
weight for weight, by eod-liver oil "positive control diet).

Dict 3—99!¢ pereent of ihe basal diet and one-half percent of dehydrated
alfalia leaf meal.

Dict 4—0914 percent of {he basal diet and onc-hall percent of sun-cured
alfalfs Jeal neal

Dict 588 pereent of the basal diet and 1 percent of dehydrated alfalin leaf

R meal
Diet 6—89 pereent of the basal diet and 1 pereent of sun-cured alfalia Jeaf

meal.

Diet 708 porf(‘nt of the basal diet and 2 porcent of debydrated alfalfn leaf
wieal.

Diet 8—98 pvr;-ent of the hasal diet and 2 percent of sun-cured alfalfn leaf
el

The sun-cured and the dehvdrated alfelin leal meals were prepared
hv a manufacturer in Van Nuvs, Culif. Both meals were from the
Aith cutting of alfalfa in October 1934, although the havs from which
the menls were prepared had been grown in different ficlds and were
not cut on the same doy. The debydrated meal was cured in an
Arnuld drver operating at a temperature of approximately 1,160° E.
The hay {rom which the sun-cured meal was made was cured 4 days,
during which there was no rain or fog. Both meals were stored af
room temperature.

The cod-liver oil used in the positive control diet was prepared for
buman consumption and was guaranteed to contain not less than 700
internationnl units of vitamin A per gram. TIresh batches of the
positive control diet were prepared every 6 or 7 days to gnard against
undue losses of the vitamin A supplied by the cod-liver oil.

§ FIRYWaANG, TontT W, and Tirvs, FIenny W. AIFALFA LFAP MEAL AS A SOURCE OF ViTAMIN 4 FOB
SROWING LHICRENS. Jour, Agr. Research 54: Ba0-60D, ilius. 1937,
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EXPERIMENTAL RESULTS AND DISCUSSION

Tables 1 to 5 give the resulis obtained in the series of trials. T the
various groups of chicks there were a few deaths from aceidents and-
other couses not attributable to the diets: Therefore, in ovder to
have comparuble data on the average number of chick dnys repre-
senting survival on each diet tested, the data shown in tebles 1 and 2
were caleulated for the 40 chicks that lived longest on ench diet.

TanLr 1.—Number of chichens living on the varipus diels al end of cuch irial of 70
days' duralion |

Chiclkens nlive pfter consyming iels eontaining alfalfa lea
weal supploments of the inllawing anpraximosee nges {at be-
clnning of trinls) for a perlad of 7t days

Suppiemont in diot

1 month A njonths | T mont!-s 1 months 1 2§ months

e 13 | geal 2 boeind s | (eeial [ {Lrinl 5)
r

r
Number Number MNumber | Number Nurmber
Xaone (neunlive rontroll o ... o 5 2 | a
2 parcent of cod-liver of] fpositiva

contru!l._ e 10 0 40

1 perenpl of dch} dratecd alfti Ton

meal_. .. 4q 0 l I

i 3o pereent of siut-cured nlfalfn Yeal

ol ... ... . 40 40 365

i ] pereegl of tic]:\’dmted alfulta lear

et oL 40 At At

1 percent of sun-cured alilfn foafl

mial. . 40 0 40

'Dt‘ﬂ‘i‘nt o deh\ drated alfaifa leaf

mosl...... . ® o 1t
2 pereant of sun-enretl altalf toal

| 40 40 40

t Hnsis of 40 chicks on encl dict ot beginning of ench trial,
1 Dals not used beenuss of mertsdity from fuetors other thon dist.

TasLe 2.—Tolal number of chick-days Hved on (he various dicls
[2,800 posstbie chiek doys]

' Chick-days Hved by Lhe birds elter eonsemiog, for 70 ays,
diets cuntain(ag alfmlfy Jenl mesl ‘-I:Ip[]l(‘llll'lll_s of the follaw:
ing upr-oximiate ages (ag beginning of teials)

Suprlement in diet
Tmenth | dmoaths | 7reonths | 14 manchs { 24 months
{trial 1} {trinl &) {trial 3) (irinl 4} (trind 5)

MNumber MNuher Nuuther MNumber Nimber
one (negative cqutrol} oo .ooo. 1,Ms 1, 7iB 1,440 0id 1, 256
2 perecntl of cad-liver oil {positive
eontrol ... 2, BOD 2, 50D 3, 500 I, 500 2,800
14 pereent af dehydmtud aifatta lont
FEETLY g, 500 2, £00 2778 L, an2 1, 309
Ly pureent of sut-etteed aifalin leat
ment 2, 500 2 500 2700 2,07
1 pereent of dehydreated abiulfa leofl
T ) IR 3, &00 3,800 2, Bl 1,570
1 pereent ol sun- ~etradt obialfe lead
meal e 2, 500 9, 800 2. 500 2,653
2 pereenl, of dalrvdented aifuli Jonr
L1701 D, ) Q) 2,500 2, 03¢
2 pereeni of sun-cored alfaify Jeul
meal 2,800 2,501 2, B00 3 2, Boo

| Dain eot used beepuse of morinkity from factors other than dlet.
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The total number of chick days for the negative control diet in the
several trials was varinble but was nearly the same in trials 1 and 5.
Some of this variability was prebably caused by differences in the
‘quantity of vitnmin A stored in the chicks when they were hatched,
which, in turn, is attributable to differences in the vitamin A intake of
the parent stock,

Inasmuch as the chicks in the several trisls were not from the same
parent stock and were not hatehed at the same season of the year, only
the results obtained in the same trial are strictly comparable. To
compare the relative ability of the diets to maintain life in any one
trial, an index of the ability of each diet to maintain life was computed
in the following manner:

Chick days lived on diet for}y_ {Chick days lived on

which index is being computed negntive control dict _Tndex of ability to

Chick days lived on posibiveY_ {Chick dayvs lived on maintain life,
control dict negative contral diet

As an example, the index for diet 3 in trial 5 (table 3} was computed
as follows:
1,369--1,265 114 _
5,800 "T,955 1,545 0-074
According to this method of computing the index, if 2 diet contained
an adequate quantity of vitamin A, the numerical value of the index
would be 1. If the vitamin A content was inadequate, the index
would be less than 1,

TanLr 8.—Tndices nf alnlily of the ddels to maintain Hfe

I Indiees of ahility of diets to muintain Yife after the hirds had
consnmed, for 70 dovs, dicts equtaining alfulfa leaf megl

1
1
! stppletients of Lthe foliowing approsimale ages (nt heginniog

el Supplement in diet af Lrinls)
Ko,

1 manth Ef manths ‘ T manlhs | 14 months | 24 monthy
teial 13 ! {trinl 3 | (trial 3) {trial £} telaf &)

wone (negalive rontrol) .. Lo 0.9 0.0 0.0 0.0
2 pereentn of sod-lver oil {po
eontroly ... I.ulo 1. 000 1.000 1. 00 1.000
Ly peceent of dotexdrated nlfnlfn lenf
Al . . L0 1. 0od L OB4 171 T4
14 pereent of spp-gurcd alladly Jeaf
1 INLUY 1. 0 .71 . 68T . 528
tpereunt of detesdrated abfalfn lesd
L 1. 1. Qo 1. (00 . BOL S04
1 pereewd. of sun-eored alfalfs leaf H
LT D 1008 1.000 | 1.000 . 980 . 805
2 percent of Johydratod alfntin lead
LT SR 0] 1) 045 . 502
2 pereetd of snn-cnrad alfalla leaf
0L R 1. (k0 1.000 1. 030

I ate not used heequse of mortobity from factors obhor thoo disk.

The data in tables 1, 2, und 3 indieate that both meels, even when
fed at a level of only one-Lialf of 1 percent of the diet, supplied enough
vitamin A to maintain life until those meals were about 634 months old.
By the time they were 9) months old {(end of trial 3) a slight loss in
vitamin A content became apparent, but 1 percent of both meals was
still sufficient o maintain life. However, by the thne the meals were
16} months old (end of trinl 4) the loss of vitamin A becarne more
marked, and by the time the menls were 264 months old (end of trial 5)
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the loss was very pronounced. The data in these three tables also
show that the debydrated ineal lost its vitamin A potency more
rapidly than the sun-cured meal,

The experiments of Heywang and Titus ® demonstrated that appre-
ciably more vitamin A is required fo maintain a normal rate of growth
than is requived only to maintain Hfe. This fact is also shown by
the data presented in this bulletin. Although one-half percent of
either of the two meals, when they were about 62 months old, supplied
enough vitamin A to maintain life, 2 percent did not supply enough to
maintain a normal rate of growth when the meals were only 1 to 2%
meonths old (tnble 4).

TapLE 4——doerage weight of chickens on last day of cach irinl (seveniteth day)
MALES

!

4 Averner weight of chickens alier cansiwing, for 70 davs,
! diets coutaining alfalia ieal meal suppier ents of the fol-
lnwing approxitinee apmos (ol beginning of teials)

Diot ! N
Now i Supplement in diet

1 month |i menihs | 7 mendis | 11 months | 24 months
(hrind 1) © ftrinl ) {Lrial 3) | {Lrial 1) (Lrial 53

. Grems Grawsy Grams Qroms Grams
i owone (negative controd) . __ O] {9 !

. 3] 3]
P2 perecul of cod-liver gil {positive
LA 1E 1] ) DS HT T age"
i ¥ pereent of dobydealed nifalfs '
Yenf mend_ e e i [O]
¥ peveont of sun-eared ooty Janf
B 11 1 ] 4 b L]
1 pereeni of dettydraled alfaifa Toaf | b {
L | I | ()
© 1 pereent of sen-cumd alfnlip leaf |
end
;2 pereent of delivdrated alfila loaf
mesi | N i {1}
: 2 percent of sun-enreqd alfalfs lonf
mea i

FEMALLS

Wont (negalive cantiroi) O]

2 pereent of cod-liver eil {posikive
T11% ¢! | R

3 pereent of debvdeated olfalfy leof
2T

1% perecnd of sun-cured pifalfs leaf
ment

. 1 perecni of debydrated aliaify lanl

P rmgnd

t Nosurvivors,
P Insulliciont survivers for conpristo.
 Drata ot used beesuse of morlality lrom foctors othor thuo dist.

Lambert, Ellis, Black, and Titus® have suggested the use of a
method developed by Titus and assoeiites at the Agricultural Re-
search Center, Beltsville, Md., for determining the efhiciency of feed
utilization. This method is dependent on the fact that efficiency of
feed utilization (&) is a linear function of live weight (W), and the
equation E=C—LW is an expression of the relationship involved.

+ HEYWANE.—B‘ W., atrd Titus, H. W, Ses fastuale 4,

¢ LamBErT, W. ¥, Evriis, N, R, Beack, W. IL,, and ‘T4Tus, 5. W, THE ROLE OF NUTRITION 1N GENETIC
RESEARCIL, Amer, Soo. Awinl. Prod, Froe, 2% 206-243, 1936,
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H

After one has obtained the numerical values of the constants ¢ and
k by properly fitting the above-mentioned equation to the experi-
mental date, he can readily compute the efficiency of feed utilization
st any given live weight, the average efficiency betweern any two live
weights, or the average efficiency from time of hatching to any given
live weight. '

In the present series of experiments this method was vsed for com-
paring the efficiencies of the several diets. Since the positive-control
diet contained an adequate supply of vitamin A, it was possible to
obtain a relative measure of the adequacy of the vitamin A content
of any of the other diets and, thus, to compare the other diets among
themselves.

The efficiencics of the diets when the birds had reached a live weight
of 400 g are shown in table 5. The efficiency of the diet containing
2 percent of cod-liver oil (diet 2) was considered as 100 percent in
calonlating the relative efficiencies of the other diets. The data for
diets 6 and S are of particular interest becanse of the relatively bigh
indices of ability to maintain life on those diets, as shown in table
3. At the end of trial 5, the relative efficiency of feed utilization
when the birds had reached a live weight of 400 g on the diet con-
taining 1 percent of sun-cured meal (diet 6) was approximaiely 44
percent less when it was 264 months old (end of trial 5} than when

‘it was 3% months old {end of trial 1), The index of ability to main-
tain life had decreased only 9.5 percent during the same period. The
efficiency of feed utilization when a live weight of 400 g had been
reached on the diet containing 2 percent of sun-cured meal (diet 8)
had decreased about 28 percent by the time the meal was 26} months
old, whereas the index of ability to maintsin life remained the same.

TasLe 5.—Ffficiency of the diets when tie birds had reached a live weight of 400 gt
1

Liflictzney of dicts after the birds had eonsamed, for 7 days, diets contuln-
ing nialls foal peal supploeents of Mie fellowing opproximate ages (at
baginnibg of trinds)

1 month 4 months T rognths 14 months 24 menths
Snppioinent i dist {trial 1) (trial 2) (trinl 3) {trial 4) (trial 5)

[

P |

Per- ! Caley-l Per- | Calou-,

fated { cent | Jated | cent | tated | cemt | lared | cont | Inted

offi- |afdiet, offi- {ofdiet] efli- afgiet. offi- ef{imt effi-
2 2

Caleu- Per- | Calew-| Por- | Calou-

cicooy i cieney vlency cieney gleney

3 pp]rcam a_ftzcd-livcr
gy Posve o 100.0 100, (0. 3522 | 100.0
g percent of deliv-
drated alinifn leal

88,9 7 87.7 | .2 5.4 i O]
14 peivent of sun-cured i
lﬁ?ﬂifﬂ leal meal . 9.6 . o0.1].3223 | 8L5|. . [
1 percenk uE"dqu}
I N
drated olinlla leal | 0o | so.0 | .3ose | 857 |.28¢] S5 ). 6l
1 pereentol sup-cured

alisifa iogf egl L3365 ) 9551 .3307 ; 87.1)| .35 | 90.9
2 et of sun-vurad N
g?rnfm Iz?n?lrlg?a;il_r_____ L3820 | 0.9 .3533 ! 0321 .40, 820 |, £9.7 | .2

! Datn ore not given for diet 1 heesuso no chlels survived, nor for dist 7 hecausa fu tho fizst 2 irigls there
wES musidembiegtnormlity not sitributable to the diet, and i Lo Btk tricl none of the chicks survived to
the eud.

t Mo survivers.
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The relative efficiencies of feed utilization, when o live weight of
800 g has been reached, were calculated for diets 6 and 8 and found
to be approximately 99 percent for both diets at the end of trial 1.
Similar calenlations showed that at the end of trial 5 the chicks fed
diet 6 would have ceased to grow at a Hve weight of about 666 g, and
that the relative efficiency of feed utilization of the chicks on diet 8
at a live weight of 800 g was only 3.6 percent. Furthermore, the
indices of ability to maintain life and the data on survival of the chicks,
the total munber of chick days lived, and the live weights at 70 days,
as well as the data on the efficiency of feed utilization, all clearly
indicate that the vitamin A content of the dehydrated meal decreased
at such a rate that, when it had been stored for 14 months, it contained
no more vifamin A than did the sun-cured alfalla leaf menl after it
bad been stored for 24 months,

SUMMARY

Debydrated and sun-cured alfalia lenf meals were stored in paper-
tined burlap bags for vse in five feeding expertments with growing
chickens of the Rbode Island Red breed. The work was earried on
at the Southwest Poultry Experiment Station of the Bureau of Animal
Industry at Glendale, Ariz., and was begun in 1834. The experiments
were of 70 days' duration snd were inttinted when the meals were
about 1, 4, 7, 14, and 24 months old, respeetively. Viability, growth,
and efficiency of feed utidization were used as relative measures of the
loss in vitamin A potencies of the meals.

Evidence was obtained that there was only a slight decrease in the
vitamin A content’of the meals after they had been stered 7 to 0¥
months, However, the decrease in vitamin A content became more
marked when the meals were 164 months old and was very pronounced
when they were 24 to 20X months old.

The vitamin A content of allalla leaf meal doliydrated at 1,100°F,
decreased at such arate that, when it had been stored {or 14 months, it <
contained no more vitamin A than did the specially sun-cored sifalfa
leaf meal after it had been stored for 24 menths.



http:l<'RO:.lI

ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Seoretery of Agriculiure Hesny A WaLLacE.
Under Sceretary M. L., Winsox.
Assistant Secrelary Hanny L. Browx.
Coordinagtor of Lrnd Use Planning and Divector AL 5. IRENHOWER,

of Trformation.
Direcior of Extension Work: oW, WanrgonTox.
Director of Finance W. AL Jome.
Direcior of Personnel } -Roy T HexprIcKsax.
Diveclor of Research James T. Janoive.
Solictlor . oo oo Aasmix G Wre,
Agricultural Adjustment Administration H. R. TouLey, Administralor.
Biureaw of Apricultural Feonomics_.________ A G Brack, Chief.
Bureau of Agricultyral Engineering. oo~ & 1, AleCrouy, Chief.
Burecaw of Anitmal I'ndustry Joux R, AlourLer, Chief.
Burcaw of Biologicnl Survey Iua N, (rapnumnsos, Chief.
Bureaw of Chemistry and Soils Hesvuvy G, Kytaur, Chief.
Conrtmodity Exchange Admintsiretion___ ... J. W, T. Dovry, Chidf.
Bureaw of Dairy Tndustry (3. 1. Rerwn, Chief.
Burenu of Entomology and Plant Querantine__ Txn A, Brroxg, Chief.
Office of Experimoent Staddons oo . Tasus 1. Janvexe, Chief.
Farm Securily Aduindsiralion W, W, Auexaxoir, Admindsiralor,
Food and Druwg Administration Warren (¢ Canmrpeos, Chief
Forest Service Frumxaxn A Suwceox, Chief,
Bureaw of Home Fronomics Lotise Brasuey, Chief.
Labrary Cranrest . Banxgrr, Librorian.
Burean of Plant I'ndustry 1L AvewTer, Chief.
Burean of Public Roads Tuaowas T MacDoxarn, Chief.
Soil Conservation Serrice . M. Bexxerr, Chief.
Weather Burcaw C. C. Crang, Acing Chicf.

This bulletin is a eontribution from—

Bureaw of Antwmal Tndustry_ oo oo _. Joux R. Mowuer, Chief.
Animal Nwlrition Dirsion . K. Mows, Priweipal Chemisl,
Chief.
8

1. 5. GAVERNMIKT PRINTING DFFICE: 1325

¥or snle by the Superintendent of Documents, Wasbingten, . C. - - - - DPrite ) cents







