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li^iTRODUCTION

Much tiae has been spent in an attempt to stabilize caro-

tene against ataospherio oxidation. Oxidized carotene cannot be

converted by the animal body into vitamin A. Dehydrated alfalfa

meal is a rich source of carotene and is the chief source of

vitamin A for many mixed feeds. Hence the question of stabilizing

carotene in dehydrated alfalfa meal is a problem of great

econonic iiaportanoe.

Early atterapts to stabilize the carotene of dehydrated

alfalfa seal involved (a) storage in refrigerated warehouses

(b) high moisture storage in air tight cant or bags and (c)

storage In an inert gas. Other studies have been concerned with

the use of antioxidants for inhibiting carotene oxidation.

Silker, Schrenk, and King (7) Inhibited the destruction of caro*

teiie in alfalfa by the addition of diphenylaiaine, thiourea,

hydroquinone, and sodium cyanide. Bickoff, Williaias, and

Sparks (1) found that nordihydroguaiaretic acid improved the

stability of carotene v^iich had been added to edible oils.

Kephart (4) sprayed alfalfa meal with certain aryl aiaines, in-

cluding N,i«»-diphenyl-p-phenylen0diaiuine, and obtained a marked

increase In carotene stability, Thompson (9) evaluated a series

of oonpounds as antioxidants for carotene in dehydrated alfalfa.

He reported that alkyl substitution in the benzene ring of

hydroquinoue greatly increased the antioxidant effect as compared

to hydroquinone itself. Thus, he found the 2,5-dit0rtiarybutyl

derivative of hydroquinone to be a very good antioxidant.



However, Bickoff (E) found that bydroquiaone was a better stabilizer

for beta-carotene dissolved in mineral oil than was its methyl

derivative, toluhydroquinono, and that the 2,5-ditertlarybutyl

derivative was actually a pro-ozidant. More recently, Bickoff,

Coppinger, Livingston, and Campbell (3) reported certain pyrogallol

derivatives to be effective antioxidants for carotene dissolved in

oils, but ineffective for the stabilization of the c&rotene in

dehydrated alfalfa meal. Thus^ the activity of a given antioxidant

is influenced by the system into which it Is incorporated. The

ease of penetration of the antioxidant into the site of the caro-

tene in the meal may be involved. The work herein reported an

attompt to clarify some of the problems involved in the use of

antioxidants for the stabilization of the carotene of dehydrated

alfalfa meal.

HDPSRIMENTAL

Effect of Solvents

In studying the effect of antioxidants applied to alfalfa

a«al, Kephart (4) dissolved the oheaicals in cottonseed or soy-

bean oil and sprayed the resulting solution on the aieal.

Thompson (9) used Cellosoive as the solvent. However, he re-

ported that the stabilizing properties of an antioxidant x&ay be

influenced by the solvent.

In the work presented herein the substances to be tested

ir»r« applied to the meal in three different forxas to detenaine

the effect of solvent. Each antioxidant was used at the rate

of 0.45 g per one-half pound of meal ( 4f7ton) , The first foim
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consisted of the antioxidant dissolved in 20 ml of acetone.

The second form consisted of the antioxidant and 1.8 g of Wesson

oil in PO ml of acetone. The third fom consisted of an eaxulsion

of the antioxidant and 1.8 g of Wesson oil in 40 nl of a 4 per cent

solution of Triton X-100 in water. These "ijitariais were sprayed

on the meal by means of a DeVilbiss wo. 15 nasal atomizer con-

nected to a source of air pressure by means of a rubber tube.

The spray was applied to the meal while the latter was being

tumbled in a mixer rotating at 37 r.p.ia. The mixing chamber was

a cylindrical metal can 10 Inches in diameter and 12 inches high.

The lid of the can contained a amall hole through which the

sprayer nozzle was inserted during the spraying operation. «iixing

was continued for about ten minutes after the spraying operation

was completed to insure uniformity of sample. The treated meal

then was placed on papers to allow the solvent to evaporate.

Samples of the treated meals were put in eight-ounce screw cap

bottles, with an inch of headspace remaining to insure the presence

of oxygen. The samples were stored in a dark room maintained

at Z5^^, The oerotene content was .determined at the time of

storage and at monthly intervals thereafter by the method of

Silker, Schrenk, and King (8). The results are shown in Table 1.

In general, the solvent had no marked effect on the anti-

oxidant activity of a given compound. One compound, hydroquinone,

was slightly more effective in the water-oil emulsion thp,n when

applied in an acetone solution with or without oil. Tivo com-

pounds, monomethylaniline and propyl gallate, were more effective

when applied as an oil-acetoue solution. 2,5-Ditertiarybutyl-
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hydroquinone shov/ed almost an equal ciaount of stabilizing activity

regardlesa of the form in wfcich it was applied. The data concQmiug

the form in which K,K«-diphenyl-p-phenylenediai&iue waa applied

is not reliable. Froa a ooiaparlsor^ ^-5 initial carotene values

of the various saaples, it will be e ,... ohat all samples treated

with this oonpound were appreciably higher. Since all samples in

this exporiment were prepared from the saae lot of laeal, it is

obTious that the compound interfered with the deterainatiOK of the

carotene. This analytical difficulty virill be considered later.

The application of oil only in -'oetone proved slightly

adverse to carotene stability. Lo .aw--, in previous experiments

In this laboratory, oil hus ??omQtl£jies improved carotene stability.

Thus, perhaps the quality of Wesson oil which was used varied

because of differences in processing, iige of the oil, or content

of natural antioxidants.

Compurison of the Efficiency of Antioxidants on
Carotene Concent:- ' r; and on Alfalfa Meal

To study further the possibility that penetration of the

antioxidant to the site of the c; rotene in the meal may be a

factor, a serie? of compounds v.us ..ipplied to both solid carotene

concentrates and to dehydrated alfalfa meal. Also, since the

antioxidant prob^ibly would be applied ooiBuieroially to the hot

meal as it came from the dehydrator, the effect of a heat treat-

ment was studied.

Solid carotene concentrates were prepared by the procedure

of Mitchell, Schrenk, and King (5). This procedure consists of
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erti^actlng alfalfa meal vdth Skellysolve B, removing the chloro-

phylls and xanthophylls by adsorption on trlcalciuia phosphate, and

concentrating the resulting solution on a steam plate. Carotene

content of the solution was deternxinod hy the nethod of Silker et

al. An aliquot containing approximately 75 mg of carotene was

placed in a 600 tal beaker and xaost of the Skellysolve B removed

by evaporation on a steam plate. Acetone was added to bring the

total volume up to about 15 ml, and 0.15 g of the chaitdoal to be

tested was added. fcJeventy five grams of Cerelose were added, and

the contents of the beaker were thoroughly mixed with a stirring

rod. The liiixture was spread on a sheet of paper and placed in a

dark cabinet to allov; the solvent to evaporate. The concentrate

was thoroughly blended with a spatula, and a portion was placed in

a 4-ounce screw-cap bottle with an inch of head space r^aainlng.

Carotene determinations were made at the tixae of storage and at

weekly intervals by the method of Silker et al. The results are

shovm in Table ?•

The dehydrated alfalfa meal samples were prepared by the

spraying procedure previously described. However, the compound

to be tested as an antioxidant was applied in only one fona. This

consisted of a solution of the compound and Wesson oil in acetone.

The rate of application was the same as previously described. Two

portions of each treated meal were placed in 4-ounce screw-cap

bottles. One bottle of each treated meal was given a heat treat-

ment. This consisted of heating the bottle of meal for 1 hour at

100*^ C. The samples were stored in a dark room maintained at 25*^ C.
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Carotene determinations were made at the tiiae of storage and at

moatiily intervals thereafter. The results are shown in Table 5»

Cex'otene stahillty varied markedly, deiiendiag on the com-

pound used as an antioxidant. In th' series of hydroquinon© ooia»

pounds, there seemed to he a relationship between the structure

of the compound and its antioxidant properties. This was true

with both the concentrates and the weal sasiples, Hydroquinoae

itself had some stabilising activity. Its methyl derivative,

toluhydroquinonej was considerably more effective, while its

2,5-ditertiarybutyl deri'r tn'e v/us the best antioxidant tested,

not only of the hydrotiulnouoa but of all of the 20 conipounds#

It seems, th-srofore, that alkylation of the benzene ring of hydro-

tiuinone increases the effectiveness both for the concentrates and

for the alfalfa meal.

The monomethyl ether of hydro<iuinone shov;ed less stabilizing

action than hydroauinone and the dl-ethers such as dimethyl and

dibenzyl ethers showed no stabilizing characteristics. Thus,

blocking of the hydroxyl groups through ether linkages was detri-

mental to carotene stability.

Of the other hydroxy compounds studies, l,5-dihydroxynaphthalen«

possessed the greatest stabilizing ability, both on the concentrates

and on alfalfa meal. During the storage of the concentrate treated

with this compound a deep brown color developed. Possibly it was

a condensation product of the antioxidant with Cerelose. It seemed

to offer no analytical trouble, however. Propyl gallat© was more

effective with the concentrates than it was with the alfalfa meal.

Bickoff et al. {5) also reported this to be true. From the data
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It would appear that g,5«dltertli?.rybutyl-p-cresol Improved the

stability of both the concentrates and alfalfa meal, but analyti-

cal difficultias prevanted a reliable evaluation of the conpound.

During the chronatograpblo operation a yellow band moved ahead of

the carotene. Frequently this substance was not entirely eliminated

before the carotene was eluted, thus leading to high carotene

values, Alpha-iaethylbenzylphenol mixture, 4-tertiarybutyl-2-

( alpha-nethylbenzyl) -phenol , 4-( alpha-meth^rlbenzyl) -S-phenylphenol,

and p-alpha-cumylphenol showed no stabilizing activity with either

the concentrates or the alfsLlfa meal.

Of the nitrogen containing co:Qpounds tested, the most effective

were monomethylaniline on the aeal and tetramethylthiurom disulfide

on the oonoentrates. However, noriomethylanlllne imparted but

little stability to the oonoentrates, and tetramethylthluram di-

sulfide but llttla stability to the meal. Thus, the antioxidant

properties of a compound may vary depending on the carotene-

containing system Into which the compound is incorporated*

Three of the other nitrogen containing oaapounds, ?-mercapto«

4,6,6-trimethylthiazine, N,KSdi-beta-napthyl-p-phenylenediamlne,

and trimethyl-dihydro iuinoline polymer were moderately active on

both the meal and the concentrates. 2-ii4ercapto 4,6,6-tririethyl-

thlazine was very effective on the concentrates during the first

month of the storage period, but quickly lost its antioxidant

properties thereafter. In contrast, the concentrate containing

the trlmethyldihydroquinoline jvolymer lost the greater part of

its carotene content during the first two weeks of the storage

period, but the loss of the r«aaining carotene was spread over
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a 15 week period. S-Aalnopyridine reduced carotene loss in tho

concentrates but not in the meal. K-liitrosoaiplienylazaine imparted

no stability to the concentrates, but behaved aa a pro-oxidaat with

the unheated saiaple of meal*

Heating the meals after application of the cheiuioals ici-

proved carotene stability to soiae extent in all oasiss. These data

indicate t'mt if penetration is a factor, the application of heat

did not greatly improve it. It is interesting to note that heat

Bisrkedly improved carotene retention '.vhan N-nltrosociiphenylamiue

was used, the effect of the heat partially counteracting the pro-

oxldant activity observed in the unixeatoa oaiiple.

A possible explanation for the effect of heat may be that

with additional heating the carotene is isoaerized to a greater

extent. The isomerized fonas laight be oxidii:ed at a slower rate

than beta-carotene, A study of the rates of oxidation of the

carotene isoiaers would be of value in this respect.

Still unother possible explanation may be that the oil con-

tained sone peroxides, and that these were destroyed by the heat.

Such an explaiifction would be consistent isith the results of

Rlejaensohneider (6), who found that the peroxide number of lard

was reduced by heating, and that the stability of the lard was

greatly improved.

Analytical Difficultiet

During chromatography of the extract of the meal treated

with K,N«-diphenyl-p-phenylenediainine, it was observed that the

eluate remained colored for a longer period of time than did th*



•Xuate froa untreated samples* l^ormally the eluate becomes

colorless alter about 175 ml of elating agent (4 per cent acetone

in Skeilysoive B) have pasaeu tbrougJi the ooluiiin. However, iftlth

the ii,i<i*-uiplaenyl-p-.pheiiylenealaiaine treated sample, the eluata

was not entirely colorless even after ^bO ml had passed through

the ooluim. This resulted in high carotene values, which can be

seen by comparing the initial carotene values of the saiaples as

shown in Table 1. In subsequent analyses this difficulty was

observed consistently in connection with the N,i<»-aiphenyl-p-

phenyienediaaine sample. Experiments were conduotec to etudy

this phonomenon*

Alfalfa meal was sprayed with an acetone solution cf .4,N»-

uipbonyl-p-phenylenediamine as described previously. Duplicate

determinations were made on this sample and on the untreated

^-u^i by the methou of Silicer et al. After the extracts were

placed on the coluxim, ZZb ml of the eluting agent were used to

wash each column. These eluates were made to a volume of £50 ml

and were designated as the "initial eluates." Each eoluian then

was washed with an additional 35 ml of the eluting agent. The

duplicates of the latter were combined and the volume was reduced

to 25 ml under reduced pressure. Absorption curves were obtained

both from the initial eluates and from the concentrated tailings.

These curves are shown in Fig, 1,

It will be observed that the optical density of the initial

eluate of the treated fiieal was greater at any given wavelength

than the optical density of the initial eluate of the untreated
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n;©al# Kov/ov©r, the gei^erctl aliapoa of the two curves or© aiiail&r.

This iudioatea that the use of the uixtioxidunt resulted lit ex-

traneouB color but siot to a ciirf^ciexit degree to alter the gexieral

:.....j,c of -urve. The taili..,-^^ of the untreated guciple die

not contu-ii uuy color, una hence sA\ i-.b;jorptioii ou:. ve \^ti8 uot ob-

tained. The tailings of the treated meal was yellow, but its

ubeorption curve differed Kuirkedly froia ttiat of the iititial cluate

of the untreuted seal. Kei:ce, tho pigatftxt in the t&iliuge was not

cai'oteixe. It v.lll be noted thiit tho abaorptlon cux-ve Lus only one

siQxlntu:.., which coincides wi^h oae of the peaks of carotene.

The source of the extraneous color ^-^as realized v-heii a

sioall ajaouut of the K,I^*-dipheiiyl-p-pbenyienediamint» was dissolved

in a solutio;: of 4 per ceut acetoue iu Skellyeolve B and a analX

ainount of the aotlve oota^onent of the adsorbent, ciiAgneslun oxiae,

waa added to the solution. A yellow color developed. It was found

that the Skellysolv© B could be left out of the reaetion Bdxtur©

uad the color st-ill vxjuld be produced. However, uceton©

neoesaury for the reaction to occur, loasibly tho aubetanoe pro-

ducing the color is a condenaation product of the acetone and the

diajidne, the condensation taking place under the influ.enoe of the

magnesium oxide*

An attempt vm Bade to estimate the amount of oontaminatloiL

from this source which would result during an actual carotene

determination. £ighty ailligraciij of the K,H»-diphenyl-p-pheDylene-

dlaaine wore dissolved in 40 ml of acetone and thic solution ma
diluted to 1 liter vdth Skeilyflolv© B, A £5 al aliquot of this
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solution W"aa cliroiiititogiaplied oi*. a a&gue&ium oxide colujiiii. The

eoaouiit Qt XLe coiipound (2 mg) tiiue was eviUivtilent to the asiount

which was present ou a one graiu eaiupXe cf the tre&teu aueel analyzed

previously. Tho chro-^ .tutirsja was developed with LIO or 4 ter

cent u.cetone in iikeiiysolve B, This eluatt: v,as:i Liade to a voluid©

of £50 JSil and deslgxiated as the "initiui eluate." The optical

density of thia eolution measured at 4560 A*' corresponded to 6.8 mg

of carotene per 100 g of alfalfa ideal. Tailings were obtained by

further developing the ohrofiiatograiii with 35 ml of the elutiiig agent.

Tl , u.:.oii two such chroraatograiac v/ere combined and con-

ucn'Uiutea to ~5 nd. as described above. Absorption curvea vrere

obtained both froiii the initial oluate and from the tailings. Thece

cuiTes are shovm in Sig,

The absorption spectruiu of the initial eluate was sitdlar

to that of the tailings, differing only in height. Eence, the

constituents of the tv/o eluates appear to be iaenticcu.. ^vlso, a

coEiparisoii of the absoz-ption spoctrua of the tailings of this

experiiaent (i'ig. 2) and the tailings of the treated meal (Fig. 1)

reveals th«3ir great siiuilarity. This is additional evidenoe that

the loaterial is not a carotenold and is not derived by inter-

action of the aa-tioxidant with soiae constituent of the laeal, since

neither carotenold uor alfalfa uecl was present at any time uuring

the course of this experiment.

It was noticed that color appeared in the ©luate very quickly

during the development of the chromatogram of the ml ali<iuot

of Il,l^*-diphenyl-^-phenylenediamine solution. Thus, it appears





that tlie suoataxioa elates continuously, uaa it would be impossible

to ©lute ourotene during an analysis of iaeal treated with tiiis

compound without also oiatinr; sora of it. In viavj of those ob-

servationa, it ".voulci sac... ^..-^..-o; j^^- ^'lo^t this ooa^jouni can be

evaluated as a caroton«j antioxidant by aethoda e^pioyin^ aaisnosium

oxide as an adsorbent, correction fuotor would be of si'^eationable

value, since its laagnituue would depend on tha oonoentr ttiou of

the antioxidant on tha aaal, the dimensions of the adsorption

coluam, and the a-aount of elutlng igont aaed.

Some of the othe.. j^,..^ ..jx'e Investigatod • / have

interfered \sith carotene deterJiination also. previousxy iuen-

tioned, £,5-ditertiarybutyl-p-cresol produced a yellow band vifhioh

could not be separated entirely frou the carotene during elution.

N,K'-di-beta-naphthyl-p-ph0nyl8nediajaine developed an oraxige band

on the coluiui above the carotene bund# Although the carotene

appeared to be eluted completely before the orange band began to

elute, there is always the possibility tbat closely adjacent bands

will not be separated sharply. With laoat of the antioxidant-

treated meal saiaples there was a tendency for the eluate to remain

colored for a longer period of time than with tha untreated samples,

£, 5-Bitertijirybutylhydroquinone especially seemed co "tail", but

evidently did not contribute sufficient extraneous color to cause

the initial carotene values of the treated and untreated saiiiplee

to differ significantly. Thus, caution should be used in evaluating

all antioxidants as stabilizers for the carotene in alfalfa meal.

Perhaps careful bioassays will be needed, in conjunction -.^ith
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chemical determinations, for the final ©Taluation of those coia-

pouuds which appear proalBing as carotene antioxidants*

Fire antioxidants were sprayed on dehydrated alfalfa maul,

eaoh in an acetone solution, an aoetoue-oil solution, and a

water->oil emulaion* The solvent system had little effect on

the carotene stahility obtained with a given antioxidant.

Twenty coapodndar were tested as antioxidants when incorpo-

rated into concentrates of carotene on Cerelose and when sprayed

on dehydrated alfalfa meal, S,5-Ditertiarybutylhydroquinone,

toluhydroquinone, and i,5-.dihydroxyii;iphthalene were effective

on both the concentrates and meal, ^onoiuethylaniiine was <iuite

effective on the meal but imparted little stability to the ooa-

oentrates. Tetramethylthiuram disulfide showed appreciable

antioxidant activity on the concentratea but was of little value

when applied to the meal. Of the other compounds tested, none

showed strong antioxidant activity on either the concentrates

or meal.

A portion of each of the meals treated with one of the

twenty compounds was subjected to a teaperature of 100** C. for

one hour. The heat treatment iniproved carotene stability sliglitly

in every ease, as compared to the non-heated portion of meal*

In the series of hydroqulnone compounds tested, alkylation

of the benzene ring Improved carotene stability both with the

concentrates and alfalfa meal. Blocking the hydrozyl groups of
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hydroquinone through ether linkagea proved detriraental to the

«tatilli£ing aotivlty of the 0(Mapouixd. Tha structures necessary

for nitrogen-contalniag compounds to function as carotene anti-

oxidants could not be ascertained from th@ compounds tested*

H,N*-Diphenyl-p-.phenylenediajQiine produced an extraneous

color during development of the cfcromatogram which interfered

with carotene determination. 2,5-Ditertlarybutyl-p-ore3ol

developed a yellow band on the oolucia below tho carotene vrhiob

could not be separated entirely froa the carotene. Other coic-

pounds had a tendency to cause "tailing," Thus, the present

method of determining carotene laay not periait an accurate

•aluatation of the stabilizing action of a compound on carotene.
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Much time has been spent in an attempt to stsbilize caro-

tene against atnospheric oxidation. Oxidized carotene cannot

be converted by the animal body into vitamin A. Dehydratea

alfalfa meal Is n rich source of carotene and is the chief source

of vitamin A for mar^ mixed feeds, nence the question of st£.bi-

lizing C5\rotene in dehydrated alfalfa meal is a problem of great

economic importance. This investigation is concerned with the

use of certain chemicals aa antioxidants for carotene.

Five antioxidants were sprayed on dehydrated alfalfa taeal,

each in an acetone solution, an acetone-oil solution, and a

water-oil emulsion. The treated samples were stored in e dark

room maintained at 25° C. Carotene content was determined at

the time of storage and at regular intervals thereafter. The

solvent system had little effect on xhe carotene stability ob-

tained with a given antioxidant.

Twenty compounds were tested as antioxidants when incorpo-

rated into concentrates of carotene on Cerelose and when sprayed

in an acetone-oil solution on dehydrated alfalfa meal. The

compounds tested included hydroquinone and its derivatives,

other aryl hydroxyl compounds, and nitrogen-containing compounds.

The treated samples were stored at £5*^ C. and carotene content

determined at regular intervals as above, 2,5-Ditertlorybutyl-

hydroquinone, toluhydro qui none, and 1, 5-dihydroxynaphthalene

were effective on both the concentrates and meal. Monomethyl-

aniline was quite effective on the meal but imparted little

stability to the concentrates. Tetramethyithiuram disulfide



showed appreciable antioxidant activity on the concentrates but

was of little value when applied to the meal. Of the other

compounds tested, none showed strong antioxidant activity on

either the concentrates or meal.

In the series of hydroq^uinone compounas tested, alkylation

of the benzene ring improved carotene stability both with the

concentrates and alfalfa meal. Blocking the hydroxyl groups of

hydroquinone through ether linkages proved detrimental to the

stabilizing activity of the compound. The structures necessary

for nitrogen-containing compounds to function as carotene anti-

oxidants could not be ascertained from the compounds tested.

The effect of a heat treatment on the meal samples treated

with each of the twenty compounds was also studied. The heat

treatment consisted of subjecting a portion of the treated meals

to a temperature of 100^ C. for one hour. In every case the

heated sample showed greater stability than the treated sa^ipie

not receiving the heat treatment.

It was found that jM,i^'-diphenyl-p-phenylenediemine produced

an extraneous color during development of the chromatogram which

interfered with carotene determination. It seems that the color

is due to the condensation of the antioxidant with acetone when

in the presence of magnesium oxide, the active constituent of

the absorbent. 2, 5-Ditertiarybutyl-p-cresol developed a yellow

band on the column oelow the carotene v;hich could not be sepa-

rated entirely from the carotene. Other compounds had a tendency

to cause "tailing." Thus, the present method of determining

carotene may not permit an accurate evaluation of the stabilizing

action of a compound on carotene.


