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A RUTRITIVE STUDY 0F VIGHA SIHLLELS
{ BLACEZ~ZYED FPEA VARIETY)

I. INTROGDUCTICH

Por many centuries the blackeyed pea heag been
cultivated for domestic uses. 1t is & lecume that will
flourish where cther crops fall, and even on poor soil
it can be sown broadeest with reasorable expectancy of
good growth. «hen planted on pood soll snd properly
cultivated it produces & crop thet hes long been recognized
&8 & foodstuflf for man and anlmals, and a3 a green nenure
for enriching the scil on which it is grown.

Sipnce in this country no extensive study of the food
value of this material hss been mede, sspecially with regard
to that portion of ihe meterial consumed by man, this project
was initisted. The blackeyed variety was chosen for this
work since it is considered to be the most pslatsble and

heornuse it is cultivsted in thise country as a foodstulf for

man.,

liost authorities (iorse, 1919, Cates, 1919, riper,
1913, lerman, 1919) agree that the cowpea is a native of
Central ,friea snd that it hes spread from there throughout
8 large portion of the civilized world., It was cultivated
in ancient times for human food cohlefly in .frieca, .sla,

and also iu the lediterraneen countries of Lurope. It was
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brought to this country from the last named region sarly in
the eighteenth century, being reported as cultivated in
Forth Cerolina in 1714. It has been stated by Carver
{1917) that Crlethorpe Introduced it into Jeorgla when he
Tounded this cgolony in 1722, Thomas Jeffersonl writes of
its eculture in Vircinila us early ss 1775 and he, hinmself,
was enthusiastic about its palsatabiliiy s a food.

buring Colonial times, and in the first oalf of the
ninetesnth century it was spperently grown mainly for human
consumption. However, following the Civil .er it was a
great boon to the south, a8 & means of recovering the
fertility of the socil, lost 8z & result of previous egricul-
tural practices. In fact, the reconstruction days misht well
be called the "Cowpea XZra™ (Cates 191¢) of southern
agrioulture. Ag late as 1220 it was the best known and most
extensively cultiveted leguminous erop in the Southern states,
but during the psst fifteen vesrs the soybesn hes more or
less usurped this position.

According to Beiley (1938) there are three specles of
Vigna: (1) Sinensis {(averican Cowpea); () Catjfang ialp
{(Indian Cowpea); (%) sesguipedelis (asparasus bean). Zeech
of these species represente & group of varieties having much
in common and related 10 sagl other throush internediate

varieties. The nomenclature of ithe cultlivated varieties of

1. The writings of lhomas Jefferson, kopticello edltion, V.10,



the cowpea and catjang is hopelessly confused, FPiper
(1918) enumerating 220 sgricultursl varieties of the former
and 50 of the latter,

The nume "bleckeye™ is a group name clessed under
the ecwpeg#applyiﬁg in zeneral to all white types with a
blackeye. In some cases the varieties of thies group can be
satisfactorily ildentified. Lxtra Kerly Blackeye and
Yirginle Plackeye are two forme which are perticularly adapted
to this region. The Californie Blackeyve is grown quite
extensively throughout the interior walleys of the state
from vhich 1t receives 1its neme, and only recently a strong
wilt resistane strain of this variety has been developed.
{(v“hitney 1936]),

The blackeved cowpea may bhe prepared as s food in
many weys. It is freguently eaten =8 a sreen vegetable,
either in the pod or shelled., However, the pee is mostly
eaten after it 'ms been shelled und dried, in whieh case it
is prepured in a similer menner to navy beans., In the old
gsouth it is especially well liked as & food, and has even
been used Lo prepere such widsly differing dishes as

eroquettes, pea soup, custard ple and cowpea coffes,

Historical Chemical

In the litersiure, very few references are found whieh

denl with the chemical constitution of the cowpea. In general,
the ususl velues for protein, fat, carbohydrate, fibre, ash

and molsture on various portions of the plsnt ere sll the



data that are glven, There may be found in Table I &
compilation of these variocus values, all saleulated to
10% moisture for ourposes of cgomparison. In Table II
may be found & ecompllatlion of the velues reported for

minersel constituenta,

Froteln

The proteln of thie cowpea has perhaps been more
widely studled thuw apy cother ccustlituent of the plant,
especlally by workers in India, China and to s certain
extent in .irica. However, most of these gtudlies are
ot directly appilosble from a nutritive siundpoint as
they are mainly concerned with the properties of the
individual protelins and do not glve an}éﬁgiﬁy to the
reactions of the total mixture of proteins present.

Gsborne and Campbell (1887} Tirst studled the
proteins of the cowpea (Vigns Catjang) using e variety
with a black seed coat, they separated a zlobulin which
they named Vignin, e zlobulin whieh was similer to
‘?haaeolinwfram tne kidney bean, snd & third zlobulin of
unknown status. Osborne and larris (1503) tried more or
less unsuecessfully to ldentify the constituents of these
separated proteins. liowever, Csborne snd ieyl (1908) were
suecgessful in obtaining & Talrly complete umino acid
analyses of the Vignin., Osborne and lendel (19%1Z) reported
experiments on reedling Vignin as the maln protein constituent

of the diet. fihelr results indicated that this protein was



satisfaotory for maintenance, but was eble to produce only

very slight growth. Brewster and Ulsberyg (1919) reported

4%& .

& ﬁ&tanminatiun o’ the amino acids anéd nitrogen distribu-~
tion in the whole pes and compared them with the velucs for
corn and wheat., FFink, Joneg and Johns {lYZg) reported the
growth of rats on cooked and uncooked cowpea meal (Groit
end Brabham variety) with and without & supplement of cystine,
These workers found that only slight growth was obtsined when
the meal wag uncooked, but that when it was cooked and
supplemented with cystine normael growth ensued. They believed
that the differences in results between cooked and uncooked
meal could be accounted for entirely on the bhasis of differences
in divestivilicy.

fucsh work hns been done on the cowpea proteln during
the past five yvears. Niyogl, larsysna and Desail (1833)
separated the slobulins of Visna Catjang and determined the
amino acid content of them, They also determined the
digestibility snd the blologlical values on the whole pea
{including the seed coat) at 10» level of protein inteke,
using rets as experimental animuls., However, these last two
velues were obtained only on the cooked mesl snd furthermore
the dally 1ntgke‘of brewer 's yeast was not taken into
censi&eratianvié %p@ caloulations,

Bhagvat (1938) preparcd the total globulins of the
cowpea (7igna Cantjlang alp) by four different methods and

found these preparations eould be seporated into five definite



fractions by heat coapulation, and three deflinite fractions
by (%3%}250& precipitation. They reported the emino aeid
distribution on all frections prepsred and conclude that
these fractlons were differeut protelians, not caly becsuse
ef differences in anino aeid content but also because of
chenges in optical rotation of the residusl solution after
renoval of one or more of the fractions.

Adolph snd Vsien-Ching Chiang (1935, separated the
proteins of the cowpea (Vigns sesquipedalis; end found them
to contain 457 Vignin and two other globulins, 5 and 10%
respecotively, as well as an albumin 15% and & slutelin 25k.
They reported the nitrogen fractionmtion of eacl of these
preparations,

In Teble 111 may be found the values reported in the
literature for the amino seid composition of the cowpea

proteina,

Carbohvdrate and ¥Fat

50 far as the writer caen find there Las been reported

no detailed study of the carbohydrstes or fets in this wvaterial.

Yitanins
Some work has been reported on the vitamin content of
the cowpea. Indian Cowpeas (dried and powdered) present to
the extent of & in the dlet, were found by Jensen and Donth
(1824) to be sufficient for a cure of asvitaminosis ., IHermano

(1930) claimed 5% of the green cowpea pods in the dlet were



necessary for recovery from aviteminosis a. Fraps (1933),
using smell groups of rats found three Vitamin -~ units per
gram of Bleckeyed peas snd that after seven, nine and
fourteen months of storage 30, 50 snd 75% respsctively of
the Vitamin & content was lost from the pea.

Goldberser and “heeler (1927) proved that there was
some pellegra-preventative factor in the cowpee by Pfoeding
experiments on twenty-one inssne @ﬁnienta who hed previous
histories of pellegra,

acuna (1823) found that five rrams of fresh cowpeas
{(Vigna Siunensis) were necessary to promote normal zrowth in
rats suffering from a lack of the Vitemin B complex.
Bankston and Giddings (19%4) using blaskeyed peas,obtained
from a lLoulisiana feed store, found & value of l.4 cherman

units per gram of Vitamin G or the lactoflevin factor.



p TLBLE X
Alimentary Acsalyses of the Cowpea

Protein Holsture

Reported Holst~ Hx H froe an
m:wamity}‘s United sBlack- s 108  11.79 :3.63 12.97 s 25. 3 = s 1l.41
of Haryland: States :aye pea : 3 3 t ' t :
Hew York 3 « ¢ ot 8 - 3l. 3 - 3.4 1 19.8 1 S54.5 : -
S5tate(1916): : given 1 t s 3 s t 3
Hobater :  ® : @ t 108 11.8B 1 o 12,99 ¢ P - : 8.84
{1928 s 2 s : : s : 3 :
Hitehell & 1 s s g t H $ 1 3
attison " i ® t 107 11.7h 15.02 13,62 s 21.34 : 58.20 1 9.4
(1933} t : 1 s s 3 : : :
Bowers © 1 iaverage 3 - tlef 2 = 1 = 3 218 : 60,8 1 e
{1919) s sof groupt : s ' P ' 5
Pradhoume 3 Indeo- 3inensis: 10T 31.17 18011 13415 ¢ 28.1 1 44441 ¢ 12.14
{1922; ¢ China s 3 ¢ t 3 s : :
French s Tanzanyika: " 3 Ol 1 298 55.57 $3.92 ¢ 25.49 3 635.67 3 =

{1932) : territory: ' ' P : : ' :

wvan Rosen : Duboh Re ¢ ® s 10 $2.97 304.87 1366 ¢ 28.3 & 452 1 13.1
(1927 Indies i : : : s $ 3

Bhagvat : India tOatjang ¢ 10 12,71 1267 12495 5 2694 « 40443 3 11.03
{1935 1 ¢t Yalp 3 : : 3 P 3

Hiyogd, 3 : s H 3 3 s i t

Haruyyana & : India tCatjang ¢ - 11.25 14.38 13,99 &+ 26.62 ¢« 6. ST 2+ =~

Desat(1931): : 1 % : 3 $ $ 3

1 -~ Senple submitted to Marylend State Chemlist for analysis 1933.
2 - Reported s fuel walue of 15.5 per pound.



TABLE XX

¥ineral Analysea of the Cowpea

%ﬂ«u»aouw Frenck  wan Rogen’ g«m Bowers

(1933 Q32 (227

205 99 1.49 1.2
1275 66 0sl

g0 037 0.3

a0y 0056

Fegty 085 0.3

AlpCq 0128

12
-05
3-44 Be5
Eal 1.8
HagC 01
o2
810, .21 Ol

Y dm e
.532 473
.93
22 cww.ﬁw
Yy
.013
.280
.o47
316
1.636°
.1896
05
.00}

1. Zalewlated as moisture free basis

2+ Salculated on alr dry dasis

3« Hoported as Ca
as g

.Wc . ag K
as Na
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Ta8LY IXY

anino Aoid Dstridution in Protelns
Extracted from the Jowpea

Glyoosoll i 00 3 § $ s s
'R 3 ' % ' s t
Alanine s W97 4 3 E : $ 3
1 : $ : t 3 3
Yalins s <34 % 3 H 3 H
H 4 H H H H H
Leusine s To82 1 s $ 3 ¢ 3
H H H 3 4 H H
Proline 1 K25 s s s 3 s s
H H H 3 3 H H
Fhenylalanine 1 5.27 ; : s : 5
F : H $ i 3 ¢
sapartic ioid 1 3.97 : 3 1 : 1
H 1 3 3 H H H
Glubsmic Anid :16.89 : : 2 5 5

W?ﬂﬁﬁw H 2025 3 H §3¢¢31 $ t 3 215’? - &-%
3 3 s 3 3 : ?

Systine tnot det: 1.23 «53 11.89 la35 $ 5»53 $ M - 1.82
: 3 : s ' : :

&?;;iﬂw H ?«20 31?-53 315;2 l?u? H ?tﬁ 3 6&33 : 10,09 "13&&3
s s H 3 : $ :

Hi=tidine $ 3»&3 s 3&% S 303 $2.21 1 5&?7 H &:5}. 3 2953 - &-3?
s ' i 3 : : 3

iysine t 4028 1 593 & 9.1 £5.96 1118 1 5.839 ¢ 85.31 - 7.39
s 3 s i s s 3
Ammonde t 2432 3 s % : 3
: ' ' 3 3 $ $

Tryptophane  tpresenis 3 LY g : : 51 = .59
$ 3 3 3 3 3

411 resultes, except those noted, expresszed as porecent total
aitrogen in the material examined.
1+ Reported by Osborne and Heyl {(1908). 3erine snd Cxyprolins not found.
2. Reported by 3rewster and Alsberg (1919).
3« Reported by Hiyogi, Harsyana and Desaf (1931).
Ipe Gemulis expressed as porcent ash and moisture free protein.
5« Reported by Adolph and Chiang (1935)«
6. Huported by Fhagvat (1935).
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IXI, PERINEETAL

As previouely mentioned, the cowpess used in this
investigation vere members of the bleckeyed group. Tour
different lotes were used during the course of the investi-
sation., Lot (ne was obtained through & deshington seed
store from some southern state, probably Scuth Csreolins or
Georgle. Iot Two was obtained through & Baltimore seed
house from the tidewster section of Virginis. Lots Three
and Four were cbtalned throush the University of Larvland
Extenslon Service diresctly from the lastern Jhore of Harviand
Just after the crops were harvested. In senersl, the peas
were stored at roon tesperature in burlap bsgs to simulste
commercial conditions, For the determination of Vitamin A
by direct feeding of the oll, a certsiu portion of Lot Three
wag stored et 003 in order to protect the Vitemin » content.

For nost of the experiments the pess were ground to
pags & twenty-mesh siev%‘aither by mechanical grinding in a
coffee mill or by hand in & small corn mill. The whole pea
vas used, snd in no feeding experiments was any attempt made

to separate the pea into constituent parts.

Protein

The protein of the blackeyed pea was studied from a
chemical stendpoint only to the extent of determining the
approximate isoelestric point of the total proteins extiracted
by water and sodium chloride, ss well us the approximate

guantities of nitrosen extracted by the ususl protein solvents.
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To determine itlie isoelectrlic point, samples of the
meal ~ere szhaken with both dlstilled water and 10% sodiunm
chloride in s mechanliesal shsker for an hour. The suspension
obtained in this manner wus eonirifuced and the c¢lear super-
natent licuid was used in the determination. Lasoh of these
solutions was wixed with su equal amount of one uormal sodium
aocetate and then treated with various lucrements of acetioc
scid in soparate test tubes., Distilled weter was then added
to bring the volume of eseh soclution up to 10 milliliters., 4
series of solutions were thus obtained whiech were observed
for dsgree of precipitetion. Finally, the pll was determined
upon those solutions whieh showed the best precipitation. The
results Indiasted that a pH range of .28 to H.4 was beszt for
preclpitating the water soluble proteins while pi 2,97 - 4.89
was best for the 10% Kall extractions.

Distribution studies were confined to the determination
of total nitroren extructed by variocus solvents froz the
petroleum ether free nesl. These extractions were made with
70% aleolrol, (Frolamines), 5o sodium ohloride (Globulins),
gnd 1% sodlum hyvdéroxide (Glutelins).

The 70, aloohiol-soluble nitropen was determined by the
officisl metnod of the associatlion of Offieiel .aricultural
Cremists (1935)1 for cereal foods.

The 5% modium chloride-soluble nitrogen was determined
by placing 5 gms. of petroleum ether extracted mesl in & 50 co.
centrifuge bottle and adding 40 cc. of 55 sodium chloride.

l. Ghﬁptﬁr XX Ko. 1?, ?é‘;. £209.
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The container was then corked and shaken in a continuous
shoaker for one hour, centrifuged fifteen minutes and the
supernetent liquild trsnsferred into a 250 ge. volumetrie
flesk. The extrnction was renested four times. The
gxtract was made up to volume with 574 Hall, shaken,
filtered throuzh 4ry paper and a 10U ce. allguot egual to
two prams of the origlnal omsterial taken for the nitrogen
determinstion.

The proecedure was then repesated cu the residual 55
snlt extracted meal using 1% sodliun hydéroxide as the
solvent., Blanks were run on the reszents. Litrosen was
determined by the i Jeldshl method.

The above determinstlions were made on Lot Two,
gontaining 3.57% totel nitrogen.

The results, expressed as percentage of the totsal

nltrogen, are piven in Teble IV.

TABLE IV
Hitrogen DListribution in the Blackeyed
Pea

703 Bthyl aleohel 5% HaCl soludle L1% Na(H soluble Residue

gsoluble nitrogen nitrosen nitrogen by differ-
ence
74, 704556 18.4% 4.35

Thesae velues sgree in the main with those reported
by Bhagvat (19328) for Vigne Zatjeny walp. Tris worker found
68% of the totel nitrogen soluble in 55 scodium chleride, &and

£3.45% soluble in .15 sodium hydroxide. Ilowever, he found
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only l.25 nitrogen extracted by 705 ethyl aleohol as

gompared with our value of 7% for this fraction.

gsrbohydrates

In sll the literature og cowpeas, no reference is
mtade to any determinstion of the various types of
carbohydrates present. an attempt was made, therefore,
to find some of the more common values using the methods
a8 outlined for grain and stoeck feeds in the A, 0. 4, Ca
Officianl lethods of /nalyses (l%&&)l. Ten gram samples
of meal were extrascted with 50% aleoohol, the sleohol
removed, the resulting solution clarified with neutral
lead ccetate and excess lead removed with anhydrous
sodium carbonste exactly as presoribed in the Offieial
#Hethod,

Ten milliliter alicquots of the resulting solution
were subssquently tested for reduclns sugar by the losles
Hethod {(A.CiieCe 1935 3, while other portions were
hydrolyzed with hydrochloric acid and their redusing
properties exemined. The results of these determinations
are given in Table V.

an indication of the biolozical svallablillty of the

blackeyed pea carbohydrate was oblained by studying the
amount of reducing sugsrs produced by hy.irolysis of the

meal with teka-disstase, followed by treatment with

1. Chapter XXVII, lNo. 28-30, Pg. 341
2, Chapter XXXIV, los. 34,35, Pg. 478
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hydroehloriec scld., 7The method used was essentially that
proposed by Ulmestead (1920) whieh inecludes the following
steps: Cooking the meal, NDacerating the sediment, ine
cubating for nineteen hours at 37°C in the presence of

ol gm. of taka-diastese, using toluene as & preservative,
clarification with neutral lead acetate, hydrolysis with
hydrochloric aeid, and determination of the reducing sugars
by sceles Method., The results ss shown in Teble V were
reported as starch, These values indieute that by "in
vitro™ methods the bioloslesl svailability 1s approximstely
58 or,in other words, that 52 % of the total carbohydrate
is hydrolyzed by enzymes to simple sugers. This result is
probably low compared with thst to be expeoted with "in
vivo® experiments for these conditions do not sven
approximately duplicete conditious in the animal body and
taka-dlastese ia an enzyme thut does not hydrolyze the

polysaccharides quite as completely as the body enzymes.
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TABLE V

Reducing Sucar and Suerose in the 3lackeyved Psa

educing  ooluble carco- rolyeeconarides
Lugar hydrates repori- hydrolyzed dy
éd vs sucrose teka~-diastose
_ reported as starch
pareant percent percent
lot 3 o119 4.7
«11l9 4.9
Lot 2 «119 4.0 z1.2
Petroleum
ether extraoted ,146 Se9 20.9
Fat

A brief investigstion of the chsracteristics of the
0ll obtsined from the blackeyed pes was m&ﬂel. The o0il
wag obteined by petroleum ether extraction of the nmeanl.
The solvent was resoved over steam and linslly by
desiceation over paraffin and paraffin oll. all snalyses
were nede acocording to The Officlal Lethods of analysis of
the A.0.4.C, (1832).

The extracted oill was slightly visecous,light yellow
in color and possessed an odor similsr to the cocked bean,
The physical constants determined were: Upesecific arsvity
0.915(25%/25% ) end refractive index 1.4727 (at 409C.).
The chemical determineticns included: laponificetion number
179.5 {mg/im Koettstorfer number), soluble acids l.1llp (as
butyric seid¢), insolubls acids 9%.9% (delner nusber), soluble
volatile acids 3.98 (ieichert-iieissel nu.), insoluble volatile
acids .55 (Polenske number), unseponifiable residue 7.98%

x

Iodine number 29.1 {(Hanus),Set.acids 28%,Unsat. iAcids 57 .7%.

1. sxperimental work done by %, B, Lanhamnm,
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. SICLOGICAL ASSAY

Preliminary Experiments

In order to obtain some indicetion of the nutrltive
properties of the hlacskeved ner, the following dlets were
fed to rroups of two rats eseh and thelir resctions, smount
of food eaten and smount of growth as evidenced by change
in welrht noted.

et (1) oteek Diet (see Materials Used).

(2) Blackeved rea alone.

{(4) Blackeyed Fea 98 parts + salt mixture
{r¥ioCollumte Lo. 185) 4 parts.

(5] dismckeyed rea 95 parts + butterfat U parta.

{6) Dluckeyed rea 91 parts + butterfat 5 parts
+ salt mixture 4 parts.

At the end of forty-five days esasch diet, except
number one, was changed by the addlition of five perts
crude casein 1n place of an egual amount of the blackeyed
nea, to determine the effect ol supplementing the rations
with & protein material of high bilolorical velue. The
diets conteining casein are charsocteriged by the letter "AW,
Tinally, on the seventy-second day the diets were again
altered by the aﬁﬁiticﬁfﬁithar 10 parts dextrin and 10
parts lard or 2 parts veast in plece of egqual amounts of
the pes meal, while one of the rats on Dlet 24 snd one on
64 was piven the stook diet.

The lard sand dextrin were added to determire the effect

of ineressing the energy content of the diet while the yeast
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supplement was supplied to dsternine the effect of in-
creasing the Vitamin Z-conplex of the diet ags well as the
protelin content.

The resulis are charted in Uraph Une. ‘his chart
indicates that the blackeysd pea when fed alone {Liet £)
would malntain life and promote a very small growth in
the snim&l rfor periods up to forty deys, dbut therealter
8 gradual decremge 1ln weight resulted sven though op the
forty-fifth day the diet was suprplemented by such an all-
round protelrn materisl as caselin, In view of the fact
that most dietary deficienciss do not immedistely show
their effects on the animal the more or less flat growth
curve found in the early steses points to elther protein
defieisncy or 8 lasek of Vitemin G. DBy the forty-rfifth day
of an experiment the iscx of almost any importent item of
dlet would nmuke iftgel? felt and therefore the absenscs of
aeffect when ocusein was added Lo the diat {Liet 2-A) nmerely.
shows that thile protein was not the only food Taotor present
in insufficient quentity. By the seventy-sccond day of the
experiment the rats on this experiment developed a rachitic
gait, anég et tone same time had u tendency to lose a lot of
hair, becoming quite bald in spots. Une of the rats was
therefore given a supplement of 8 yesst te determine if
the presence of large cuantities of Vitamin & snd of
sufficient cystine would restore a normal fur. 4 slight
gain in weight did result for about ten Qaya, whieh would

indleate ithat some of the deflclencies of the pes are found



19

in yeast. However, this addition was still not enough
to supplement all the factors lacking in the diet of
this rat, for following the initisl gain he lost weight
rapidly and died twenty days after the change., The fact
that neither yeast nor casein were able to supplement
this diet would point to & major deficiency of the fat
soluble vitamins in the blackeyed pesn.

The other rat on diet 2-a was placed on the stock
diet to see if such a long period on the pea meal alone
had impaired any of the growth faculties of the animal,
This animal immediately began to grow, and the growth
was at a normal rate paralleling closely the curve for
rats on the stock diet. At the same time his hair began
to grow again and at the end of thirty-five days after the
change he was spparently perfectly normsl. His diet was
therefore sgain changed to the blackeyved pea meal alone
(Diet 2). This resulted in an abrupt decrease in rate of
growth but some increase in weight was noted for a period
of eighteen days. This was followed by a period of
seventeen days during which the weight was practically
constant. After this period a decline in weight resulted
but the animal lived for seventy-five days after being
returned to the restricted diet.

Rate receiving blackeyed pea plus salt mixture
(Diet 4) during the first ten days showed gains equal to
more complete diets, and then remained at practically

constant weight for the duration of the experiment. One
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rat remaeined when the diets were supplemented with cuaseln
{Diet 4-.) and although he geined & slight amount he died
within nineteen deys slfter the change in dlet., Consistently
more of the sslt supplemented diet was esten than that of
the nure blackeyed pea which indicates that it was nore
palateble., Comparatively lerge amounts of it were eaten

at the besinning of the gsxperiment which no doubt accounts
for early rains of thie ¢sroup. The diet did not prove to
be mueh better than the blsckeyed pes aslone; even the
Inecreased food gsonsumption 4i& not csuse encugh difference
t© prove of lugting effect. Finally both rats on this dlet
died by the sixty-fcurth dey of the sxperiment.

When the blackcved pea mesl was supplemented with
butterfet (Diet 5) better growth was obtained and wmore fTood
was eaten. This continued for the first forty-five days.
¥rom the forty-fifth to the seventy-ssoond day even though
capein (Llet H-4) was added to the diet tine growth increase
was only siight., «fter the seventy-second day cue of the
two rate on this diet was fed a8 yesst supplement while the
other received lard and dextrin. The former szhowed lmmedlete
improvement not only in growth but in appetite, although he
414 not return to normel. The other rat merely malintained
ite weight.

When the per meal wag supplemented with both butterfat
and salt mixture (Dist 6), although normal growth was not

obteined, improvement in ¢rowth and consumption was noted,
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gompared with the -reviously mentioned diets. The zrowth
was only slisghtly creater than for the rats receliving the
meal plus butterfat during the first periocd of the
experiment. Kive rats recelved this diet, all of them
lived and when given the cusein sddition (Liet 6-i) showed
a decided increase in growth, indicating their limiting
deficilency was protein in nature. On the seventy-fifth day
this set wass divided into three sub-groups. Une reat was
placed on the stock diet, two received sn 8 yeast supple-
ment and two received 104 lard and 10/ dextrin. The rat
recelving the stock dlet immedistely showed a normal rate
of zrowth. Those recelving dextrin and lard exhibited
continued :rowth, but at no faster rete than without the
supplement., Those recelving the veast showed a notable
inerease in weicht but thelr crowth was not noraal.

These npreliminary experiments seenm to point to the
following coneclusiconse: (1) The blackeyed nes meal a&jsale
dletary neaterisl will maintein life for periods of ét least
Torty-frive days after whieh the addition of casein makes
only slight, if any, iuprovement. (Z) .ddition of a
complete mixture of inorganic sslits or butterfat produces
only slightly bvetter results, the latter addition being
more effective than the former indilcsating that the fat-
soluble vitamin content and the salt content of the black-
syed pea are not sufficlent for normal growth., (Z) The
addition of large guantities of energy producing maeterials

such as dextrin =znd lard did not, in any lnstance, show
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improvement, indicating that the energy sontent of the
pea meal iz not a primary limiting fector., (4} The
addition of yeasst and gasein to the diets generally
produces improvement, indiceting that eiiher the Vitemin
B complex or protein content is a limiting factor. (5]

At the end of long periods on restricted diets the animals

are still sble to gein nermally if put on s complete dliet.

Protein sStudies

To determine more acecurately the valus of the black-
eyed pesa. uitrogen for the maintenance and growih of rats,
diets were prepared {Teble VI) contalning ten, fifteen,
and eighteen percent of the pea protein. These were fed
to three groups of nine rats as well ag to rats receiving
no protein, and to rats recelving s mixture of proteins
from wheat flour middling end casein, This last diet was

prepared g0 as to be complete in sll respects,



Tabls VI

Blackeyed rfea rroteln Diets for study
of kKaintenance and Growth

D=11 D-114 D-12 D-13 D-14 D-15 U-18

S3alt Mixture é 4 4 4 4 4 4
Butterfat 8 8 8 a8 8 &8 8
Sodium Chloride 1 l 1 1 1 1 1
Yeast 2 2 2 2 2 2 &
Cod-liver (i1 2 & 2 2 2 2 2
Dextrin 78 - 3L L E 12 - 18 -
Juerose 10 - 16 10 4.5 10 4,7
Blsckeyed Pea - B3 40,5 &1 T5el - 78,3
{lot 1){(ilot 1} (lot 1) {lot 2)

Wwheat {lour
middlings 45
Casein iQ

Percent Protein G 20.5 10.0 16,0 18.0 18.0 18

These results are indlented in TGraph Two. 48 was to
be expected, rats on the protein free diet raplidly lost
welpht., vhen it was thought impossidble for them to live
longer on thig diet the various carbohydrate materiels
present were repluced with the blackeyed poa mesl sund an
ismediate and repld growth resulted, whlcn for the space
of Iourteen deys wes almost egual to that of normal rats.
fhis rapid rate of growth was followed by & (readually
decresaing rate of growth until it assumed proportions
similar te the groups receiving the hizher percentages of
pea meal,

The group recelving only 105 protein sraduslly lost weight
and a1l but two were dead by the forty-first day, showlng that

the pea protein when supplied at this level is not sufficient
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even for maintenance. Nats recelving 155 sund 18% pea
protein continued to zain weisht for from {fifty to slxty
days but thereafter the r~rotein evidently was not
suffieient to support further lnoresse in growth, s the
curves level off slmost coupletely. The rats were observed
for ninetv-six days (during whieh time two in esch zroup
¢led) but, salthough thelir food intuke held up feirly well,
g maximum growth wes not melintsined., It is interesting to
note that for the first Tifty days the food intake per rat
per day for both groups averaged exactly the sume. {Table
¥1I). GHowever, the diet of greamter nitrogen content
produced more growth during this period and the increase

in welght per sram of nitrogen consumed was 8lso greeter,

TABLE VII

Pood Consumption and SGrowth on Dleackeyed
Pea Diets

- “Tood Consumed Averace  rrotein av.Lrowth AV.orowth
per rat per growth Con- per rat per gram
day 51 days suned per day protein eaten

D-13 5.15 22.8 7758 P T <573

s-14 5,18 2l.B8 . 887 L5618 586

Cystine Supplements

The effects of cooking the blackeyed pea mesal as well
as supplementing it with cystine were neat studlied, The

basal ration used in this experimeant 1s given as Liet 18
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in Table VI. Four vaeriations of this dist (L-18, D=-19,
D=20, U=21) were fed to groups of eight rats sach. oiet
20 is similar to Diet 18 but tie former contalns cocked
blackeyed pea, Ulets 19 and 21 are similar to Liets 18
and 20 respectively, but the former are supplemented with
.36% oystine whish equeals 2% of the provein present.
Feedings were continued for twenty-four days at whiech
time the diets were changed so ans to provide extra cystine
for some of the rats, The pea meal was present in a
sufficient amount to furnish 18% protein to the ration,
and was cooked by meking it lnto s paste with water wsnd
sutocleving it for three hours at fifteen pounds pressure.
The diets used in the Tirst serlies of experiments
contalned 2% veast, insuring smple smounts of the Vitamin
# esomplex, for it was thought that this vitamlin might be
insufficient in the sutcclaved meal. It i3 belleved that
the uncoocked uneal contains ample guantities of this food
essential when teken in the amounts such as cousumed during
these tests. To see the affect of no yeast present in the
diet, anoither similar set of four groups of three rats each
were fed as above, but with this constituent replaced by an
equal amount of sucrose. also, the nethod of heat treatment
for the protein was asltered in thet the peste was kept in

a2 boiling water bath for three hours rather than autoclaved.
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From the results, which sare rapcrte& in Table VIII,

a number ¢f facts concerningzg the res nmay be obizlined.
Autoelaved blackeved nea maal produces greater srowth in

the young rat than does the raw psa meal. Iiowever, the

rate of srowth on the mutoclaved meal markedly decreases

a8 the ral becomes older. This effect is not found for

the raw pea mesal nor is it found when lower temperatures

are used for cookingé%a& meal cooked in & boiling water

bath being in all instances superior to the raw mesl,even when
the letter is supplemented with eysting;

The addition of cystine to any diet conteining only
the blackeyed pea meal &8 s source of protein produces an
increase in rate of growth. With very young rets the
supplemented diet conteining the untrested pes 18 not eaten
as well as the unsupplemented diet, but in spite of this
lower inteke a grester crowth results. Ag the rats srow
clder and the difference in average wei-ht between the two
groups beeomes larger, it is nastural that the heavier rats
would consume rore then the lizshter ones, and this is
evidenced by a greater increase in average dally consumption
for the rats receiving trhe supplemented diet. The lower
level of daily intake for the supplemented diet would seem
to indicate that this diet 1s less pmlatable.

Ko such difference in deily intskes is novted when the
pea in the diet has been nested. 4 grester delly food inteke
is noted for the cystine supplemented cooked pea diet
regardless of the sge of the rat or the method of heat

treatment.

See also Graph 3.
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Hats receiving the raw pea supplemented with
cystine grew spproximately one and one-quarter times as
much per gram of protein eaten as those not recelving
cystine, while with the heat trested mesle the increase
in growth was one snd one-half times as mueh for the
oystine supplemented diet. iWhen the cystine supplement
was doubled for any of the above dlets no further inorease
in rate of growth and no greater growth per sram of protein
eaton resulted. Lone of thsse diets prodused a normal rate
of srowth, and it is evidsnt thst there is some further or
secondary anino acid deficiency in the blackeyed pea meal,
which, while it 1g present in sufflielent juantity to permit
some growtl, becomes the growth limiting fesctor when ample
guantities of gystine are added to » diet cortaining the
blesckeyed pea as the sole source of protein but complete in

all other respects.

Segondary ~mino cid Deficliency

an indlication of the nsture of the gecondary amino
geid deficiency was obtained by feeding the rets used in
the previocus expariment diets containing supplements of

protelins of known emino-sold content,

Rats thet had been receiving the above diets for
elshty-one days were rearranged inte five proups. Two
groups received Liets 18 and 19 respectively, while the
other three groups recelved Diet 18 with 85 of its black-

eyed pea content reploced by sn equal amount of caselin,



(Diet~22) yeast (Diet-24), snd gelatin (Diet-£6) respective-
ly. These nmaterials are practically pure protelns and the
effect of their addition wes to increase the altrugenous
material Iin the diet by five sercent and to aslter the blseck-
eyed pea eontent so that it furnished only 18.85 of nrotein
to the diet.

The rats continued on these dists for twenily-nine days.
The rats with the yeust ln the dlet ate the sost food during
this perlod, but those receiving casein produced the maximum
srowth increase. The rats receiving the plain pea supplement-
ed with ecystine ate more thasn those receiving the casein, but
éid rnot grow as ﬁﬁﬁ? as those receiving the yeast, Hats with
& zelstine ﬁupylement preduced no more growth than those on
the plain pea and in some instences lost welght,

A consideration of these resultis leads to the conclusion
that under the conditions of this experiment, selatin iz not
any help as & supplement to the bluckeyed pea protein but that
cusein is of decided benefit and yeast of some beneflfit,

These results would be sxpscted i tryptophane or
tyrogine was the secondsry limliting defieliency, for reports
that reletin contalns no tryptophere, snd only a sminor smount
of tyrosline whereas the other two proteins, yeust (Csonka
1935} a&nd casein, contain ample amounts of these emino acids.
¥ost velues reported for the content of these umino acids in

the gowpesa show & fair guantity of tyrosine but only slizht

guantitlies of tryptophane.



Hitroren Balasnce Studies

The bilosssays thus far reported in this paper have
been entirely concerned with food consumption and growth
on dilets varying only in total nitrosen present, or in
amino aclds present. This is5 one wary of evaluating a
protein, sanother method ls te feed it in small amounts
as the sole source of nitropen, except perhsps for vitamin
sunpplements, and, by accurate anmlyses of faeces and urine,
to cslculate the amount absorbed as well as the smount
utilized by the system. From this data there may be obtained
the so~czlled digestibility cceffliclient and the biolozical
value of the protein. These factors are represented by the

following eguations:

Absorbed Nitrogen = I Intake-{Faecal N-ketabolic X in faeces)

Utilized Hitrogen = ibsorbed N -(Urinary K-Lndogenous K in
the urine)

ALbsorbed HNitrogen
Nitrogen Intake

Digestibility =

. Utilized Nitrogen
Biclogleal Value = Thsorbed Nitrogen

Both the metabolic nitrogen in the faeces and the
endogenous nitrogen in the urine must be determined by
feeding diets practically devoid of this element (so-called
nitrogen~free dlet). The urinary anitrogen excreted by rats
regeiving sueh a diet must result from the ecatabolism of

body tissues and ls called the endogencus zitrogen. This
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value hes been proved by Pfixsen and Jackson (183Z) to bve
practieally constent for each rat, provided its weight
exceeds one hundred and fifty grams. The fsecal nitrogen
is derived from the intestimal tract and its secretions
and is called the metabolie nitrogen. according to
¥itchell (1923) this is independent of the body welght of
the rat but veries in proportion to the food consumption.
It is necessery, therefore, to ascertain the faecal
nltrogen excreted per gram of food on a nitrogen free diet
and multiply this velue by the grams of food consumed on
for any perticuler test. Thls rethod of determining protein
efficiency was propesed by Harl Thomas, but was dbrought to
its present staze of development by kitehell (123},

The apparatus used in ocur experizents has heen
deseribed by lLanham (1927) and consists in briefl of an
enimal capge with & false botitom placed over a larze parasffin
gorted metallie funnel. A4 {ine mesh wire screen was placed
near the apex of the fumnel to retain the {eseces while a
Jar conteining fifty percent sulfuric acid was placed under-
néath to catch and preserve the urine.

The tests wers run with a twoe-day preliminary period
to allow the animals to becane accustomed to their new dlet,
and at the same time to permit time for the dissipation of
nitrogenous msteriels present in the intestine at Lhe start
of the experiment. This was followed by four days during

which the faeces and urine were collected. 4an attempt wes



32

made to keep the food consumed approximately uniform for
esach animal for the duration of the experiment, and at
the seme time prevent a gain or loss in body weight.

This was in some instances difficult to do,
especially when the diet was very low in nitrogen.
(¥itrocsen-free dilets). On these dlets the animals refused
to eat sufficient cuantities cf food and senerslly lost
considerebls weight, In order to decrease to a minizmum
the possaibllity of abnormal tissue breakdown, which generally
Tollows leoes of welght, the collection peried ror these tests
was reduced to three days.

During the course of this experiment two different
series of tests were attempted. In the rirst series, using
rats "A™ to "F", the protein was fed at 104 levels and
ample quantities of the Vitaumin B-complex were present, even
in the niirogen-~free diet. In the second a&riesl, using
rats "A" to YL"™ the vrotein was fed at 55 levels and the
nitrogen present ss & vitemin supplement was grestly reduced.
Series I conmisted of four different test diets, three of
wrioh varied only in the method of Streating the hlusckeyed
pea meal. These three treatments were: (1) uncocked;

{2} autoelaved; (3) heated on a boiline water bdath. The
fourth dlet conteined casein and was fed in the nature of a

econtrol, many comparative wvalues for this protein helng

Experimentsl work for series II done by @illis . Baldwin.



published in the literature. oeries II consisted of two

test diets, one containing the raw pes mesl, the other the

asutoclaved neal. These diets are csiven in the following

teblie,
TadlE IL

Ketabolism Diets

Protein rroieim rrotein crotein Protein

at 10% at 104 at 5% Free Free

level level level Diet I Diet II1
Butter 8 8 8 8 6
Cod Liver (il 2 2 £ 2 2
Treated lextrin 10 10 - 10 -
Zelt Mixture

(U.3.Peile 1934) 4 4 4 4 4

Labeo XXX 4 4 2 & 2
Dextrin £25.7 82 80,83 72 84
Blackeyed Fea ileal 46,3 83,2
Casein 10

The resulils sre reported iun Tebvle XK. he dipestidility
is found to be approximately seventy-elsnt, none of the
averages varying enough frou one another to be statlistically
significant, althougzh the diet contalning pea meal coovked in
& water batii doss seem to be slightly more digestible as

indicated by & value of 80 M



T™he biolosical values differ with the method of
heat treatment as well as the amount of blackeyed peof
meal present. It is & well-known fact (Forbes et al,
1935, Boas-Fixsen 1935, Kitchell 1923) that an increase
in the lane of protein intake results in diminished
efficieney in the utilization of rfocd unltrogen. & lower
hioclogiesl velue for the 10% levels of feeding is thereflore
to be expscted., Tiis is found to be the case,

The ccoked nmeal was found superior to the raw peal
in every instence,but ihe blological value of the asutoclaved
meal is lower than that for meal which is heated at ordinary
atmospheric pressurs. Apparently, either the higher
temperature or the higher pressure or both of these factors
contrituted to & changing or depnaturing of the cowpea proteln
Bo that its efficiency is &iminished,
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Vitamin A Determinstion

The method of essay used was simllar to that
described by lLee and Tolle (1834j).

Tne diet used was a8 follows:

Casein (Vitamin Free) 180
Salt Hixture (U.S.P.%.N0.1) 4
Agar H4
Yeast 7.5
Yeast Irradiated 0.5
Dextrin 88,
Cottonseed 01l 2
100%

Several litters of rats were obtained from the
Sunny Hill Rabbit Farm of washington at seventeen days
of age while s5t11]l with the mother, and immediastely put
on the Vitanmin A ?rae diet, Between twenty-four to twenty-
elght days of mpe, and when they had cobtained a welght
between forty to fifty grams the rats were weened and
placed three to a cage with the diet fed ad 1ibitum. At
the end of twenty-four to twenty-eipht days the rats had
reached a constant welpght and many of them showed signs
of xeropthalmia. They were then separeted into groups so
that all groups were as nearly similar as possible with
respect to weight, sex, age snd litter.

Two methods were attempted for determining the amount
of Vitamin A in the blackeyed pea. (1) The feeding of daily
supplements of blackeyed pee mesl; (£) The feeding of
extracted blackeyed pes cil in verious dilutions with

cottonseed oil.



Method Cne - Five groups of rats were chosen. One
group received noc supplement and acted as r negative
control while another received a dally supnlement of nhe-
tenth of a miliiliter of & cottonseed 01l solutien contain-
ing three Internetional Units of Vitamin A, This solution
was prepared from the United Stetes Pharmicopoeias Jtandard
Heference oil. 7The other three groups received 0.5, 0.75
and 1.0 #m. dally of blackeyed peas regpectively.

After twenty-elght daye on test the gontrol ruatls
showed an aversge galn of 41.% gme. wvhioch is the result to
be expected from a dslily intake of three units of Vitamlin
Ao None of the rats receiving blackeyed pea supplements
showed eny gein so that no caleculations of the amount of
Vitamin & present were possible, Iiowever, the negative
controls died in shorter perlod of time and lost welght
more rapidly than any of the test animals, and of the test
groups, those receliving the larger omounts of »ea ration
lived longer and lost weight less rapidlv then those receiv-
ing smsller amounts, VWhile this test proves nothing from a
quantitative standpolint, it does indiosate that there must be
some Vitamin A in the blackeved pes, otherwise the test
groups would have paralleled the negative controls of esch
other,

Method Two - In addition to negative and positive control
groups, three sroups of rats were uscd and given a 0.1 co of

the followinr ¢ils &8s u dally supplement. Lce 1 - 1 gm.
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blackeyed pes 01l made up to 10 ce with cottonseed olly
Ko. 2 - & gns, of pea 0il made up to 10 ee with cotton-
seed o0il; No. 3 - pure blsackeyed pea oil.

The bluckeyed pea 0il was obiasined by extracting
the freshly ground meal with petroleum ether, The peas
used were purchased directly from the grower (fastern
Shore of Marvlend) snd on arrivel were placed in &
friction top can in the hardening room in the University
RDairy Building. The temperature of this room is epproxi-
mately 0°F, The veas were stored there throughout the
duration of the test and small lots removed &s needed
every week, {n removal from the cold storase, the peas
were immediately rourhly sround and extrseted with petrolesum
ether in a largss continuous extrector for two days. This
removed moet of the water which prevented thorough grinding
origzinally. The coarse messl wes then removed Ifroai the
extractor and ground s fine &s posalble in & corn mill., On
further extraction the last traces of oil were remcved, The
various extracts were then combined and the sclvent recovered
by distillation, first on & steam bath down to 300 ce. of
residue and then under reduced pressure down 1o & volume of
30 ec. Finelly the last traces of sclvent were removed by
use of 8 high vecuum in conjunctlion with & continucus stream
of CO0g. This was continued until a constant refractive index

resul ted.
The oil was prepsred fresh every week as were the
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solutions of oil which were fed to the rats. These latter
were made up by weighing out the required amount of oil

and then addineg the celculated volume of cottonseed oil

to make 10 ce. The oll was used exsctly a&s it was prepared
without further purification or separation of the solid
constituents, so that as 1ittle possible oxidation of the
¥itamin A 1in the oll mlight take plsace.

The test was continued for sixty days, and the results
as presented in Graph Four, indicsate that the blackeyed pea
0il has sprroximately £.9 Internaticnsl Unite of Vitamin &
per gram, or that there are 0.4 International Unlts of

Vitemin & per zram of blackeyed peas.

Yitamin D Determination

The method for the determinstion of Vitamin L was

carrled out as deseribed in the United Ststes irhermacopoeia

(1974).
The diet used was No. 2.
whole Yellow Maize, ground 76%
Ground Gluten 20%
Calecium Csrbonate (Caﬁﬁa) 3%
Sodium Chloride (NaCl) 1%

Rats from the Sunny Hill Rabblt Farm welshing between
55 -~ 82 gms, were placed three in e gage and fed the Vitamin
D deficient dlet, This diet was eontinued for from twenty-one

to twenty-Tive days, or until evidence of rickets was manifested



by & distinctive wobbly psalt, and by enlarged Jjoiats. In
sddition, at the end of twenty and twenty-one days
respectively, a ret wes killed and analyzed for rickets
by the line test., The rat on diet for twenly days showed
incipient rickets while that killed on the twenty-rirst
day was definitely raschitic by the line test.

“hen rats were definitely rachitic they were placed
in separate cages and fed the rachitogenic dlet, and
distilled water aud libitum, Throuchout the rirst eight
duys of the assay perlioed esach rat was fed an appropriate
dose of oil dependlng upon the group in whieh he was placed,
On the ninth snd tenth day no oil was fed sny rats, end on
the eleventh day of the assay pericd each rat was killed
and both forelegs removed apnd cleaned of fur and excess tiussue,

Healing of the rachitic metaphysis was determined by
use of the line test ss follows: the distal end of a radius
or ulna was thoroughly cleaned of adhering tissue and a
longzitudinal median sectiocn made through the end of the bone
with & clean razor blade 80 s Lo expose a plain surface
through the Junction of the epiphysis and diaphysis. In
every instance the left bone on each unimal was used and it
was sectioned througzh the same plain,

Both sections of the bone were rinsed in distilled water
and then irmedistely irmersed in a 5/ aqueous solution of
silver nitrate for one and & quarter minutes, again rinsed

with distilled water snd the sectioned surfaces of the bone
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exposed in water to daylight until the caleified areas
developed © clearly defined stain without marked dis-
coloration of the uncaleified areas. The excess ApliQx

was then removed by immersion in a 10% sodiunm thiosulfste
golution end after rinsing and noting the devree and
extent of caleification the sections were preserved in 10%
formaldehyde,

The o0i1l tested in this assay was the ssme as that
uged In the Vitanin & uvssay. The vil was tested at levels
of two-tenths Of a milliliter and one-tenth of a milliliter
dally doses, as well as belng irrasdiuted sund tested straight
and in dilutions of one to ten and one to one hundred,

The 03l was irradiacted in the following nenpner. 1wo
six milliliter portions of il were placed in a quartz test
tube ut a distasnce of & iunches from & Cooper-Hewlitt . usrtz
Mereury Vapor Lamp made by the Generel Hlectrie Vaspor Lemp
Company and exposure wag continued for thirty minutes with
stirring st five minute intervels,

This irrvadisted oil was fed as prepared in a one-tenth
milliliter dose &nd in the following dilutiomns: 1 #m. nade
up to iO ml, with cottonseed oil. The 1 to 100 dilution was
made by diluting 1 ec of the 1:10 oil with ¢ co of cottonseed
oil,

Cne group was fed no supplement and asted us & negative

control while enother group received one-tenth of & milliliter
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of a cottonsead oil sclutlion contalning .475 Internstionsl
Yitemin D units. This solution was prepared from the
United Gtates FPharmacopoela Standard Reference Cil.

The results gre shown in Table XI. The nlain blacke
eyed pes 0il <id not produce any healing except in two
cases, sach of whleh must be discarded either because the
rat lost weight or beosuse it did rot consume enough food
or both, The negative controls elso feiled to show any
healling, as well as the irredleated oll st the one to one
hundred dilution. The pes doss, however, have somne sterol
prea&nt guapable of acting asprovitemin U for the irradisted
ail./producad very good results when fed straight and
proved alwost as efficient as the positive controcl when
present to the extent of .1 gn. in one milliliter of solution.
while exsmot Tigures mean nothing so far as the irradisted
0il is econcerned, 1t is however, evident that this oil must
contain approximately 40 U.3.P.X. 1934 units ner cram, which

1s not guite hel?f ess astrong sz the reference oll used.
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Supplementing the above data there are presented
in the appendix @ number of photorraphs of the stained
bones ineluding one for each group except that receiving

«& ¢c¢ of blackeyed pea oil.

Vitamin B, Determination

For carrying out the determination of Vitamin By
(anti-neuritic factor) the method of cherman and Chase (1931)
was used,

The diet was made as follows:

Casein (Extracted 60% ethyl alcohol) 185

Salt Mixture (U.S.P.X. No. 1) 45
Butterfat 85
Ccodliver 0il 24
Autoclaved Bakers Yeast 15%
Starch 535

1005

"™e rats were obtained from The Sunny Hill Rabbit
FParm of Washington, I. C., and weighed hetween 45 - 55 zrams.
They were put three in a cace and given the Vitamin By free
diet snd distilled water ad libitum. At thie end of twenty-two
days preliminasry period they had reached a counstant weight of
approximately 51.5 ims,, and were then placed in separate
cazes and divided into five sroups of s8ix rats, each group
representing the same average weight. Three of the groups
were given .4 zZm., .7 gm., and 1. gram respectively of ground
blackeyed peas daily except Sunday (the first uunday they
received the ration). snother group received 1 gm. of ground

whole wheat daily except Sunday as a positive control and the
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last group received only the test diet itself. 4ll groups
were allowed the Vitamin By free diet ad libitum. During
the test each animal was weighed every three or four days,
The test proper was continued for e perlod of sixty days
at which tize all the enimals still slive were weighed and
killed,

The results (Graph 5) proved first that the besal diet
was deficient in Vitamin By, as there was sn initial inerease
in weight of about thirty crams over & period of twenty-two
days, end control rats continued on thig diet died from twenty-
two to thirty-one days after reaching constant welsht., The
diet was comparable to that used by Lherman and Chase (1931).
In view of the fzct that these workers found an aversage
increese of 20 sms. over a fourteen day perlod for Vitamin
By depleted rats fed 1 gm. of ground whole wheat dally
except sunday as compared with our inecrease of 18.7 gms,

Calcoculations show that the blackeyed pes has approximate-
ly twelve units of Vitamin By per grem., lHowever, it ls
unfortunate that much lower levels of bhlackeyed peas were
not used in this test, for, in order to obtsin acecurate
conparisons, rats recelving an average of from one to three

units of the vitamin should bhe used.

Vitemin Ba setermination

The method of Sherman znd Bourquin{lell) was used for

the determinetion of Vitamin Bp {(lactoflsvin).
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The diet used was as follows:

Rxtructed Casein 104
Salt pixture (U.beieie KOLJ1l) 40
Cedliver Uil 2o
Butterfat 8
Starch and Vitamin B, 88%

100

The rats used were grown in our own laboratory. They were
weaned on the twentye-elighth day and pleced immedisately on
the Vitamin By deflcient diet. after four days preliminary
all rats were elther losing weleht or thelr weicht was
stationery o that they were lmmediately placed on test.
The rats were »lsced in separate cages, divided into oroups
80 &% Lo be ag similar &s possible with regard to sex, ape,
litter and welcht, Three groups received 0.0 gram, 1.0 :cram,
and l.% gram respectively, of the ground blackeved neas
dally, execept osundey. another group recelived .2 gram of
autoclaved yeast dally which was previously proved to be
Vitemin By free but which had supported growth in the
absence of the Vitamin By factor. o fifth group received
only the test diet. .1l groups were allowed the Vitamin
free diet nd 1libitum. 7The test was continued for sixty
duys, recording the welghts of each animal every three or
four davs,

The results ass shown in Srsph 3ix proved, first, that
the diet by itself was deficient in Vitamin Bp, for the

negative controls gradually lost weight., Jecond, that dally



inerements of a materisl known to contain Vitemin Bg
could offset the deficliency and cause -rowth, and
thirdly that the blsckeved pesa hes & neaszsurable amount
of Vitamin Bg {lactoflavin).

Calceulations show thatl the blackeyved pes contains
from 2 to 5.2 sherman units of Vitemln Bp(lacterlavin)

per gram of material.
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IV.DIGOUGSION UF HALULIE

e sample of blackeyed poas used {or the nitrogen
distribution studies bas a protein content of ££.55:

(N x 6.25) and other values obtained in this laboratory
und elsevhere indiecste n protein rangs of from 21 to_%ﬁ%.
This is equal to and even slightly better than the values
found for this constituent in most legumes, excepnt for
the soybean which mpproximates 84 (Bowers 191¢). when
the proper mixture of amino acids is present 10: of a
protein in a diet is sufficient for rood srowth snd 18%
is wore than encugh for normsl growth, 1In Tect, any
protein to be satisfsctory for feeding a&s the scle source
of protein should produce normal growth when present to the
extent of 18» in the diet,

The bluckeyed pee protein when present st 10k levels
is totully inudequate {or growth and produces only slightly
veltier results when present at 1Ly and 18+ levels, when
the mesl hes Leen cooked, and is present at the higher level,
appreciaeble lncresses in growth are noted but normal growth
is not obtained. ﬁény legunes are deficlent in cystine
egpecially when fed untreated, but the addition of this
amino scid to diets conteining the blackeyed pesa meal, cocked
or uncooked, does not entirely supplement its protein

deficlencies. This addition does produce very marked
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increases in prrowth over the unsupplemented meal and
therefore the conclusion is reached that eystine is present
in insufficient guantities in the nea neal,

Ag previously mentioned, Finks, Jones and Johns {19£&)
studled the Uroit and Irabham variety of the cowpea and
Tound that when the neal was cooked and supplemented with
eystine normal growth ensued. 7This does not asgree with the
regsults found 1n this leboratory for the blackeyed pes,
and indicates tnal there is an eppreciable veristion in the
&uino solid content in the different varieties of eowpea, or
that different conditions of climate and soll on winich the
plant is cultivated greatly very the charaster of 1ts proteins,
further evidence of this line of reasoning is given by
adolph and Chiang (19385) who report a velue of 1.8b% for the
cystine content of Vigna Slnensis, sesquipedalls and state
thet in the literature volues are reported ranging froamn L.E5
to B.74%. also, in Table III values reported by the same
author for the same protein obtained by different methods of
extraection vary from .34 to 1.884. OFf course, sama of this
variation in reported values may ve entirely dus to different

nethods of extracting the nrotein, or to iasdeguate methods

»
A

of determining the cystines content or both, but taking all

tnese possibilities into sonsideration, it gtlll seesms irue

thet not only the cystine content byt the whole amino acld
econtent of a proteln may very wlin different verieties and

different methodts aend condltions of cultivstion.
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The metlod of cooking the bluskeyed pea meal
apparently hes an effect on the availability of its
protein content. dSetter results were found when the
meal was cocked under ordinary pressures st the tempera-
ture of beiling water than when the mesl was sutoclaved.

This result has been found with other protein materials

but it hes apparently not been studied to any great extent.
Of course it is easy to postulate that the protein is
depatured in sowe manner or that the Individual amino scids
sre decomposed under the effects of temperature and pressure,
However, in view of the extent to which sutoelaving is used
az o method for prooessing Tood in the canning industry it
seoms that mueh further investigation should be eontinued

as 1o the gause and effect of the results noted.

It hes already beon shown thet the blackeyed pea
protein studied in this laborstory ocspnot vromote normal
growth to the conclusion that when this deficlency is
supplied the muterisl is Further lacking ilu sufficient
gquantities of one or wmore amino acids. s lndication was
found that cne of these acids is tryptophane but further work
is necessary before definite conclusions vmy be made on this
phase of the work,

S0 far the discussion has been conocerned with the growth
promoted by the blackeyed pea as the sole socurce of protein

and the improvements in this growth resulting from the
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addition of amino sclds. “hile thig vives an idea of the
character of the deficliencies of the nea protein 1t does
not give quite so effective n neans of eonparing this
protein with other nitromencus foodstuffs sz is afforded
by & deterninatiocn of the bhicloriocsel value,.

From o nutritive standpolnt the value of & protein

aad

depends first uporn itz direstlbility and second upon ite
biolorieal value., While many wrlters report nerely the
blolosiesl value this does rot zeem to e sufficient for
a complete interpretution of thelr data, For, aslthough
the btiologleal value of & protein mey be hipgh, if its
dipgestibility is low it is of uo more value to the animal
body than souws cother protein that shows an intermediatle
result for both biocloglesl wvalue and digestibility.

The Blackeyed Pea protein has a dicesildbility of
approxinetely seventy-eight percent no mutter how the mesl
is trested hefore it is incorporated in the diet, and no
matter what the level of proteln intake., lowever, the cooked
meal conslstently shows s higher blolosical velue than the
uncooked mesl. These results are iuteresting, first becsuse
heat treatment anpsrently dces not s«lter the extent to which
this protein cszn be broken down in the intestine and absorbed
into the body,and secondly, becsuse hest trestment does slter
the protein so thet the portion that 1s abzorbed into the
body 1is better utilized. Finks et al (l%22) concluded that

heat trestment chansed the digesibility of the cowpea meal



55

but from the above resultc we must conclude thet this is
not necessarily true.

it hes slready been mentioned that heat trestment
under pressure and lncreased temperaiure aprarently alters
the protein so that It is not as efficient as when
asimospheric pressures and the temperature of bolling water
is used., This is agsin shown by the lower bioloiical wvalue
of 35 for the autoclaved meal compared with 8£56.5% for the
milder heat trecatment,

o explsnation is offered for the very marked
differences in these results compared with those of Kiyogi,
narayana and Desail (1933). These workers reported the
dizestibility of 585 and a biological velue of 787 for
Vigna Cetjang using the whole pea (including the seed cosat).
Perhaps this difference of results is cuused by the difference
in variety and cultivation, but if suoch grest variastions in
two very similsr plents can exist, then it would seem of
value for sormeone to initiste a study of the extent to whieh
similar or even the same variety of plants will dirfer under
changing conditlons,

a8 & comparison of the results found in this lnvestl-
gation it might be mentlomed that ikitchell (1%&3) reports
that cooked navy beans fed &t 105 levels using white rats
as experimental animals have & biologzical value of 38.4%,

while ¢mith and Hoehm (1937) reported a value of 64.3% for
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well-cooked soybean meal proteins fed at 9% levels. This
is in agreement with earlier growth studies that indiecated
the sovbean proteins were superior to the cowpea proteins
while the navy bean protelins were inferior.

Fifty to 609 of the blackeyed vea is carbohydrate, this
is characteristic of lecumes except for soybean which has a
value of 27% of this constituent. At least 505 of the blaek-
eyed pea can be hydrolyzed by enzymes to sispler sugars.
This indicates, ss did the preliminary srowth studies, that
available carbohvdirates or energy producing gaterisld are
present in sufficient amount in the pes meel., Usgsing the sanme
method as was used in this laboratory ~dolph and Kao (1$34)
found only £7.15% of the total carbohydrate in the whole soybean
to be digested. These workers used two other "in vivo"™ methods
of determining the biological availability of the soybean and
found that the "in vitro"” method was consistently lower. ue
conclude from this that the carbohydrate of the cowpea is
probably very highly available to the animal body.

The oil content of the blackeyed pea is also similar
to that of many legumes although the soybean {(Bowers 1919)
has the much higher value of 15%. The results show a
slightly low Saponification number which would indicate the
presence of a relatively high quantity of unsaponifisble
materigl. This is further indicated by the low value for
soluble fatty scids. The determination of the unssponifiable

residue bears out this conelusion, and sives an explanation
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for the grest increase in Vitamin D potency when the oil
i irrsdiated,for it 1s this portion of an oil whieh
containsg the zterols belleved to be provitemln b,

The extracted cll showed no antirachltioc properties
whatsoever, although fed in quantities Tur in excess of the
amount thet could be obtalned from the consumption of larze
quantities of the unextiracted meal. However, the irradisted
oll conteined approximately forty Internstionsl Units of
Vitamin O per grem. This value ig only helf of that reguired
by the Unlted States Pharmacopoeia as o minimum In codliver
clls. ¥rom this conparison may be scen the srest improve-
ment In Vitemin D content resulting fron lrradistion of
the blackeved pes cil. It is very posslible that improved
technigue for irradiating the c©il would greatly improve the
Vitamin U content over the values obtained by the experiment
outlined; in fact, it mipght even he nossible to irrsdiste
the meal itself so that when fed s & major portion in the
diet it would have sufficient antirachitie properties.

Yitamin A was Tound to be present only in minor
gquantities snd ss Fraps (1933) has pointed cut the Vitamin
4 poteney of the ctored bean decreases ;reatly during the
period of & year. Oounseguently it le coneluded that the
blackeyed pea e such iz tolslly lpefficlent so far as the
fet-soluble Vitamins a4 and L sre coucerned,

Utner velues of the Iat were not pilologically assayed
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but from the value reported for the unsaturated scids it
seews very probable that there is wo deficiency of these
compounds in the pea meal,

The water scluble viteming were studied to determine
the extent to which the sntineurditic ractor (Vitamin B,)
and lectoflavin (Vitemin Bp)} sre present. Approximately
twelve units of Vitamin Bl per gram end 2 to 5.8 unite of
Vitamin By per pram of blackeyed pea were found tc be
present in the meal. The ratio (4:1) of Vitamin By to By
i1s the ssme in this variety of the gowpea ss it is in most
cereal cralins and leguminous seeds. «hen fed in large
proportions In the dist the extent to whioh eithser of these
vitaming ie¢ present is probably sufficlent Tor normal srowth,

The minersl content of the pes was not studied, but
definite evidence was found that it is unsstisfactory for

normal growth.



Tables are presented from & compllation of data
obtained in the literature glving values for alimentary
analyses, minersal content and amino meid content of Vigna
Ginensls and related species.

A nutritive study of the Vigna Sinensis (Blackeyed
Pea Variety) was made.

Seventy percent of the blaokeyed pea nitrogen was
extracted by %% sodium chloride, 185 by .1/ sodium
hydroxide and 7% by ethyl saleohol (70.).

hedueing suguars are present in the meal to the extent
of .18, soluble carbohydrates to ithe extent of 4.7% and
polysaccharides hyarcolyzable by enzymes to the extent of
Sl

in. analysis of the petroleum ether extracted olil is
reported,

Pgeding experiments indicate the blackeyed pea when
fed slone will support only slight growth for periocds of
at least forty-flve days.

Cooking the pes meal inproves the charascter of the
protein.

Cystine is a primary emino acid deficleney, tryptophane
is probably the secondary amino aeid deflolency.

The digestidility of the meal whether coocked or
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uncooked 1s 785, The bioclosical value at 10:x levels for
the rew meal is 47%, for the meal hested in & water bdath
is 56.5%, for the autoclaved mesl is 5£.7%. at b levels
the biologieal value of the raw meal is 675 snd for the
autoclaved meal is 734,

Tue vitamin o content of extracted oil was found to
be Z.9 international units per gram. This is equal to .4
units per gram of the blackeyed pea.

There was no Vitamin D in the extrected oll but when
thls was irradisted an antirachitie poteney of forty

internationsl units per gram of oil was lound,

Approximately twelve units of Vitamin Bj(anti-neuritie

factor) and two to three units of Vitamin By (lactoflavin)

were found in the bleckeved pea nmeal,
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APPENDIX

Materiels Used

Agar - Finely Ground
The Henry B, Gilpin Co., Baltimore, kd., lierck & Co,
Rahway, N, J.

Butterfat - In s8ll vitamin or protein test diets.

(1) Melted and the decanted oil filtered in a steam
heated funnel through paper.

(2) Heated with five times its weight of distilled
water to about 550C. Cooled until solid, water
syphoned off. Extraction repeated until pure
butterfat obtained.

Casein - Crude powder.
Caseln ianufacturing Co. of Americe, Inc.
350 adison Ve., New York, L. Y.

Casein - Ixtracted free from Vitamin B and G (Sherman and

Chase 19%1).
400 »ms. of erude casein treated with two liters

60 alecohol (hy weight) stirred well for one-half
hour, allowed to stand 54 hours filtered through
cheesecloth and washed with 1 liter of 60, alcohol.
again treated with 2 liters of 60% aleohol, stirred
+ hour asllowed to stdnd 18 hours filtered, %aaned
with 1 liter of 60% ﬁ .CIi then l liter of 90,4
alcohol {(by wt.) brleﬁ &t room temperature and ground.

Caselin- Vitamin free.
Guaranteed free from water goluble vitamins B, C, and
G (Vitemin B complex) and fat soluble Vitamin & and D.
The Casein Menufascturing Co. of suerics, Inc,

Cod-Liver Cil - U.3.P.X. {1934 revision)
Ordinary commercial brands.

Cod-~Liver Reference Cil.
I. U.5. Pharmecopoeia Standard Reference Uil.
3,000 Internastional units of Vit. A per gram.
IT. U.S. Pharmacopoeia Standerd Reference Oil.
95 Internstional units of Vit., D per gram.

Cottonseed Cil - Pure
Obtained from local Drug houses.

Cystine, C.P,
Tre Coleman-Bell Co., Norwood, Ohio,
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Dextrin - Pure cornstarch mixed with small amount of
water to fornm s firm mass which can be
separated into lumps. autoclaved for two
two hours at fifteen pound o»ressure, DbDried
on steam pipes and ground to a powder.,

Dextrin - ireated for Vitamin enrichment. Wwheat Germs
{(Wwashburn Crosby Co., Buffalo, k. Y.) extracted
with 705 ethyl slcohol by volume for 16 hours,
dried on egual welght of dextrin, ground to powder,

Labco AXX - For enriching a diet in Vitawmin B and G.
weter soluble #ilk Vitamin Concentrate, The
Borden Company, research Div. Bainbridge, K. Y.

3tarch - Commercial brands of cornstarech were used wherever
starch was specified in the diet.

Starch - #ith Vitamin B added (Sherman and Bourquin (1931)
1 liters of slcohol (820% by wt.) were shaken for
1: hours with 800 gm of freshly ground whole wheat.
Filtered on a8 Buchner funnel and residue treated
with 1000 cc of the 804» EtOH filtered asain, washed
with 300 ecc¢ of the alcohol. The filtrate and
washings were filtered through paper, concentrated
by evaporating under reduced pressure, dried at room
temperature upon starch. (Extract from 50 gm. of whole

Stoek Diet - rurina Doz Chow. Ralston Purina Conpany,
ot. Louis, wissouri.
This is a rood comnplete Toodstuff used in many
nutrition leboratories &s the stock diet,

Teka-Diastase - Parke, Davis & Company, betroit, iiich.

Yeast - autoclaved free froam Vitamin Bj.(sheeman and Bourguin
1931). Powder bakers yeast was mixed with .1 L HeOH
(135 ce. for each 100 gm. of yeast) to make a smooth
paste and then placed in shallow pans to a depth not
to exceed one-half inch. 'The mixture was autoclaved &
hours at 15" pressure. Following this the wmixture was
neutralized with eqguivalent amounts of .5l fiCl. Dried
at room temperature with a fan and ground to a powdsr.

Yeast Foam Tablet FPowder - Extremely rich in B and G. Pure
LDehydrated Yeast, Northwestern Yeast Co., Chicago, Ill.

Irradiated Yeast - Fleischmann's test pure dry Brewers yecast.
Exceptionally rich in Vitamin B and G. Standsard
Brands, Inc. New York.
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