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0SSES IN VITANIN B VALUE OF COOKED PEAS
¢ 1%‘1:‘%“73 COORED XZa8

THPERATORE

IITRODUCTION

- The following roport deals with en offort to

make guantitetive determinations of vitamin B 4n a food,
raw, cooked, and cooked end kept hot inm a steam table for
8 per£@é of times |

The isolation of vitemin B from the various mome
bers of the vitamin B complox has established its idontity
as the heatelabile antinecuvritic factor h@@@ssary for growth,
for maintaining tho appotite and genmeral woll beinge It
identity established and ite wveluve proven, intorecst has
turned to locating tho sourcos of vitamin B and determining
the factors that affect its prosence in foods, Previous
dotorminations based on the vitamin B c¢omplex have had to
be repoated and new estimates made. The biological methods
usod in meling these determinations have regquired time end
offort, end there is still necd for more complete datas

In a2 study mede by Punnell (13) 1t was obsepved
that in a list of 850 of our most commonly used fruits ang
vegetables for wvhich vitamin values were given, only 13

values were found for vitamin B



Sources of Vitomin B

Milks Assaye that heve been medo for the heatw
labile factor since ity isolation show that much of the
potency prevwiously attributed to it has been due to the
presence of vitamin G WNMilk, for ozemple, was considered
to be a good source of vitamin B (4Q), but the more recent
indications apre thet it is & good source of vitamin ¢ and
a'relaﬁivéiy poor source ofﬁvitamin Be Bender and Suppleé
{2 ) quote milk produsts as a righer source of vitemin G
than of vitamin Bs Gunderson enG Stesnbock (14? founé the
vitamin B value of milk to be always poor and not affected
by breed of cow or ite diet, but scemingly under the physiow
logical control of the anmmaia

Vogoetables and Pruits: Vitamin B was also pree
viously thought to be widely distributed in all parts of the
plant and in 1iberal emovnts (40)s Results obtained by
Roscoe (53) om leafy vegetebles (watercress, lottuce, spin-
ach, cabbsge) show them, however, to be a poor source of
vitemin B in théir netural state when aam@agad-wiﬁh yeast,
whichy; because of its high potency, has been taken as a
standard of vitemin B activitys Furthermors, carrots, tur
nips and pctétaeﬁ of the root vegetables are reported by
Roscoe(34,35) to be less in theoir vitamin B potency then the
leafy vogetables; while of the fruits, appleé, banana; orange,
and, tomato, the orange was the only one equallto the leafy

vegetables in its vitemin B value. However Cowgill (g )



gives higher v#lues for asparogus, leeks, artichokes and
parsnips than for the other vegetabless o

Roohwm (56), working with Arizons grapefruit cnd
bﬁowam, reports that both ave poor sourses of vitamin B
but »ich sources of vitomin G 'Bbﬂglags and, qo«workém&
(11) found mgm Bose péews to be & relatively poor source
of vitamin B and & botter source of witamin G

.ﬁﬁ&maiywissu@: Tests made on eértain animel
fooﬁa shov them to be guperior to vegetables in thie fage
tors Elvehjem and Sherman (12) wreport pork muscle, heard,
and kidney %o bo pich sources of vitamin B vhen compared
with the activity of crystalline vitamin B and stendard
yeagts Brodic and lacLeod (3), making detorminations with
pat @iésue, 0bserve& that liver contained gram for grem,
ten aﬁméa ag much vitamin B as muscle, and that kidasy
and brain were onesthird as rioch, grem for gram, with heart
muzele about as rieh 88 Yiversy Plimmer tsoj found liver,
kidney, hoart, codwros, skimenilk powder, and ogg yolk to
contain more vitemin B than frults op vegstables in the
fweah;sta%egvﬁmt less than cerssls o logumess

Seeds: In %heiw-na%urai'atata seeds ave demonw
strated to Do one of owr best and mozt importent sources of
vitemin Bs OFf this group, eeroels, logumes and nubts rak
highests Hetler and ﬁusaemén=§21) in a study made on the
vitemin B and«Q‘c@ﬂﬁeﬁt of corgals found that o diet composed



of 267 of auy of the cereals supplied énocugh viteamin B for
appéoximately'moymal grouthes Groll ané Mondel (9 ) have
showvn the éonbentra@aom of vitemin B to be largely in the
 cmbryo of corne Plimmer {$0) has tosted the high viﬁamin..
content of the goym, bren, and middlings of wheat and 8tates
that vheat gé?m is one of the two Qary rich sources of vitae
- min Be Whi@sitﬁ (4¢3} in tests made with cotton seed meal
Tound 1t to be & richer sounce of vitemin B ﬁhﬁn.Whol@ wheat,
weight for weight, and s vich as dried baker's yoasts Cone
sidering that B0=60Y pﬁ;’_ﬁh@ colories of the typical American
diet is vaken frem cereals they begome a very important
sou@oe.of_viémmin B if'taken in the form of whole cereals,
but a pﬁactisally nogligible source in the highly ref&ﬁedf

. form such as-m@iﬁe-floub and farine {39 ). Dmleé péaa gind
beans are caﬁaiaewed by Cowgill {8 ) to be a comparatively
high source é? vitemin B, as ave also nuts, with the oxcépw
tion of the epcoanuts They become an importent source vhen
the use of cheapor foods is Imperatives | |

lethods of Determination

The vitemin B value of foods is detormined by the
following methodss (41) the cure or prevention of polynenre
1tis in the pigeon, the cure of polynéeuritis in the ﬁat, and
the one of secﬁr&mg growth response in the rat to graded

intakes of the vitemin whon all other nuiritional elements



have been supplied, this being the onse most commonly usedy
One of the moré¢ rocent procedures 15 the bradycardis method
in vhich bredycerdia, & condition of slovw heart beab emd a
sign of vitemin B deficloncy, is cured by the administration
of viteamin B containing foodss The smount necossary to efw
feet '-a cure is talien sa the estimate of the vitemin B pres
senty |
Standards

The p@t@ﬂ@y of the foods tested way be @Qmpare&
with an Inteornational Standard, in which one unit of vitaw
' miﬁ B is defined as the anti-neuritie activity of 10 mg@@'
- of the adsorption product (Fuller's certh with vitanin B
adsorbod wndey standard condibions Yo Ton to 20 mgay pevr
day are noeded to maintaln nomual grovth in young wrats and
20 mgss » 50 mgos is a pigeon curative doses {31}

The Sheywan Unit (41) is also commonly wsed in
america fopr meesuring the vitemin B poteney of foodsh I
is defined as the smount which, when fed daily will produce
an average g@im-@f 8 groms por week in e stendard rat during
a test peplod of from 4+8 weshss

 Cowgill (8 ) gives the following 1ist of Loods

shoving theiy vitemin B value in terms of Shermen units

Po¥ grame,



Table I

Potency of Some Poods in Terms of Unit Value
as Indicated by eongxl (g ) (193@)

:Shermammﬂhaae

~ Pood . vitamin B unit

N e ittt s D EE, ST
‘Appl@s, frosh Q282
Banana, fresh : 04288
Boan, string, Iresh ' 08317
Cantaloune 04282
Cabbags, fresh 04493
Carrots, frosh O«282
Gollards, rew | 14092
ngs, whole 0564
Bgg yolk, raw 1:76
Flour, whole whoat 2+18
Flour, grehem . 2418
Lemon juies ' - 0a817
Lemon, fresh 04388
1141k, wholeo fresgh - Owd)7
luskmelon 0282
Oats, volled 2:18
‘Onions, fresh 0,811
Orenge Julce 0s317
Peas, green : 2ell
Penchos, fresh 0282
?otaho@a, white, cooked 04282
Poppers, groen +»211
Rutabagas 282
Spinach, fresh + 178
Prunes, dried . 1634
Pomato Q423
Turnip greeéng 1233

Turnip, fresh 4282

Eectors Affecting Losses of Yitemin B

The amount of vitamin B present in a food whom it
is roady to eat depends upon the treatment it has receiveds
Its physical or chemical propertics may be so affected by



.‘i:_he method of ,pmoewmg or preparation as bo apprseciably
ehange its vitemin B activitys |

| Refinings The process of refining 6f cereals
pemoves largoly the perts of the kermel that ave Highest
in vitemin B, the gorm, bran end middlingse Tho dlscovery
made by Bijlman, Fleteher; and other wm:-kawﬂl that diets
made up loprgely of polished rice produced beriberi, Lndis
cates the losses dus to refining of cerealse

Solubility: Bijkmen in 1906 found that the auba

stance now tormod vitamin B wvas soluble in waters Bodens
oy © ) gives solubility as one of the chavacteristic
'I:prop@r'ﬁi@-a-hf viteamin E. Logses of %this thmm in foods
mﬁgh@, theprefore, be axpéct@a' to rosult from soaking in
watere Still furthor losses could be expseted from dise
carding the water in whieh the food is cookeds Rose (B2 )
believes that as mueh fas?"'% of the vitanin 18 lost in this
ways The soluble property of the vitemin is observed aslso
in ite p@mwaﬁi‘n %o all parts 6f a cooketd products Ay-
kroyd {1 ) roports a higher pervcent of vitemin B in rice
that has been 5@1{@& and stesmed before milling than in
rice not soaked and steameds He belioves his resuvlts are
dve te the diffusion of the vitemin into the endospeorm
from the husk, since less vitamin B was presént in the husk
of the soskod tham in that of the una@-ék@@@ Biller and
Robbins 87 )'ef Howedi, in tests mede on radish piokled in



a paste of salt and rice bran, an orientsl dish, found
that vitemin B hed ponetrated to the inner tissues of the
radishe

Acids and Alkeli: In the pregseonce of strong
aolds vitemin B 43 not readily destroyeds -MeCollum and
Simmondg (26) found yesst could be heated with 207 sule
phuric acid foy 24 hours without legsening its antinoure
itic propertiess With a lower acidity there was & dow
~ereasing dotivity depending upon the degree of temperature
and the length of time heated. In hoating tomato julce
- with a pH of 443 et 100900 for 4 hours Sherman (43)) found
there was an increassing loss with increase of tomperature,

55% bein@ insctivated at 13000. At e consgtont temperature

of 100 C. the losses after 4 hours incroased with decrease
ing acidity or increasing alkalinity, 686+78% destruction
occurring at pH 7+9¢ Alkali causes destruction at low
tomperatures (41) but it becomes more serious with ine
crossed heats The addition of sods to the water im which
vegotébles are ¢ooked increascs the rate of vitamin B dee
‘struction {32)«

oxidation: This factor s not belioved to affect
vitamin B potencye Shovman did not find that it played
any part in the losseas sustained in his tests with tomato
juice, since the heating ﬁaa done in both loosely«stope
pered flasks and under sirictly enerobic conditions with
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the seme results) however Hallidey (20) belioves that this
vitamin may not be entirely uwnaffected by oxidation even
at pH 3 or 4s She found vitamin B poteney was greatop
vhen “protoin free mimwn wad shaken with Llioyd's reagent
under on atmosphere of nitvogen than vhen shakem in alwve

Dehydrations There seoms to be some dAifference
in vivemin B potency after déhydration of food .a'mf’f's}a;
Rese (S8) poports thet tomatoos, spﬂnaehﬁ cabbage,; turnips,
and earrots have boem dried without vitamin B destructions
Levine (2%) quotes Movgen, who observed that 61% of the
vitemin I was rofadned in AGriatiec figte A greator loss
wes found $n sulphursd dried £igs of the seame veriety
amownting to 78%s | | ‘

~ Pormentetiony Vitamin B appoars te be sepiously
affected by ;i‘-e:@menté%i@m espseially vhen continued for a
poriod of times Chachin (A0) found that the quentity of
vitomin B decressed with the progress of formentation in
- the mash of eoy calics, and that no poteney vwas observed
in mesh formented for 3 months,

Preezingt As shown in results obtoined by
vunnell (38), freczing had no measurable effect upon the
yitamin B content of fresh peas and fresh lima boans

- Heatb: 'Smswmimmw t@; heat at tomporatures
BDOVE 1-00@(3@ e gonerally agrecd to be & distinguishing
characteristic of vitamin Bs Factors that modify tho
destruction due to heat are the pH of the food tested,
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vhother $he heating mo@ivm 48 molst or vy, tho Gomperas
ture and the iongsh of diuc heatods

Koemtn and 6dsverkors (22) have showm thet tho
sntinsuritic potonsy of Aiver ond yoset are slmost wome
plotoly desbroyed aftor autoelaving fn the frosh otato af
1&@@%; Loy 24 heurn, sud partly dostvreyed by molstoning
ond dyying at 6570, cor 26 nowrs. Uhon fry hoat wap wped
at 360% €. for 20 heurs thove ves ne vitauln B Gestruction.

Pasbourizod millk 2o nob gonepelly thought %o
suffor viteamin B loos singe tho highost tLomperature used
30 pastovrlsing 4o 74%. meintadned for § minuto (87), tus
Ereuss {23) reports o 957 leas in paobourizing of mdik.
Guorrant and Dubehor (36) in & otwdy of tho verlous motheldd
of pasvourizstion ond 466 offoct on vitamin B obabo theb
gone loss ocours In 8ll mothode of pastouriting with o
maxdswm destrustion of 387 4n pend. Shorman (41) reportn
studics on £iuid milk heatod 6 howrs ab 100° 6+ Ahowing
867 dentrustion of vitamin B, Thors uss Bo measurable
Simimuation whon mill powdor was hoatod in vy form with
£roo nososs e aly at 2007 €. for 48 houros

Byeposated sow's millr &5 poportod by Swmwelo (88)
o loss obout enowsisnth $0 onesfifth of vitamin B Ia tho
@wzazowﬁmg PPOCORS «

In beltdng there focss Lo be bug 2ittle, 4f eny,
dostruction 1 the modium of the £008 baked is falrly vy,
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ovon though oven temporatures arc higher then tho BVOrego
botling tompersturo. Thus Mopgan (20) &n studios made
vith bread balkod at 866°P. fownd no dostructlon of vitamin
D excopt in the erust.

The commereial camning of fruitp and vogetobles,
vhieh 4o Gone ot high bomporatures tonds o tho dostruction
- of vibemin B.

| Gooltdng at the ordinawy boiling toaperatuvss has
not Boon rogardod ai gausing :aﬁv eppreeiablo degtruction
of vitemin B. Rooo (82} {1033} volioved that heating
cauaed bud 148sle Qeptruetion st bodling tomporature buh
that tho dostruction inewcasod 4o the heating conbtinucd.
Sherman {41) wes of tho opinden {1052) thab tho destruction
fn copkeing or canmning should bo rogarded as pelatively
small wnloss tho natursl acldity of tho food bas been
changed by tho addition of alkell. Wnipple (48) tosted
the vitemin B potdney of rev ond cooked oysters and poporged
that cotking had pragbieally no desdbructive offvet wpon the
vitamin B contont: Tho cooking timo for oystors s shord,
bovewer. lunsell and Rifer {26) modo o study of the witomin
B loases in cooked broccoli amd found thot in 15 minutes of
cooltlng 607 6f She vitemin wos Gegtroyed. Pumnell (13),
uoing Lrosh peag, Lfouwnd & 265‘3 deatruction in 15 mimutos of
gookdng s |
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EPIRININTAL

Purpose

p reports have begn found dealing with the
offect of prolonged heat on & cooked product at temperas
tures less thnn\lﬁoﬁbg & very large proportion of our
commercial eating ostablishments must vély on some method
of keeping prepared foods hot during ths serving period,
wvhich may be anywhere from one~half hour te two hours,
depending upon the method of service and the numbey of
people serveds If Funnell (15 ) and Hunsell (85 ) found
thet 18 minutes at boiling tomperature was sufficient to
dés%roy from 26% to BOE of the vitemin B content of o food,
it seomed posalble that further destpruction might occur
under conditiong of prolonged heat afteyr cooking.

Por those who muat depend upon food in the ocaf«
eteria or lunchroem for the vitemin B essential, my
method of pregamation\or‘pﬁ@sérvatﬁan that affeets 4t
detrimentelly becomes & mattor of nutritional intorest
and &mpoﬁtanae,

The purposc then of this study wes to test the
offect of prolonged moderate heat wupon the vitemin B value
of a cooked food under conditions of temperature and time
comparable to those necessary in serving food from a cafw

etoria steam tables
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%ﬁ@?ﬁrx. pens wers .eh@am for tho tost A —

they axe & mmm $o08 and bosmugs they eould bo fup
nished pogulerly from the vinter gedens of Galiforiia.
Botng winter groun bho Posults could be vompared with these
that have boson Poported by obhors on Summer groun posds
Quanditative @@%&Mﬁaﬁ&@ne, were, thépefaro, made on cooksed
frosh povs hold For ons houp ot steum tedlo Gempopaturos
he & basle fop suprrieon of possdible vitenin B mwsaé:,;
quantitative dotorminations :ﬁmm;@mm node on cosked p@aﬁ

ol PaW POSS. |

Andmalo: The peb Erovbh mothod of determinaticn
wvas used 48 the invesbigation, Uhite wats, bred in the
leboratory of the mibritlon departmeny from stock anfwals
bhat hed been fed bhe Steenbeck mbock dlet, were wesnod
whén may’wwéﬁ Ban2B Goys 018 Tholp wolghte &b %hﬁs tinio
avépagod 4055 grams. Thuy wore plased in ammma gages
wfth the viae mesh, rlsed seveen fisor o lossen tho dane
gépe fran ¢oprophagys Dhotdlled wabey fram glass tube |
&m%nkm,'%@%es and the basel dlot were sceessible ab all
timesn. | |

Basal Diot: Uhe bhosl diot usod was Sseontially

n and Chage M&)«' mwﬁsﬁ'im of's

é&z- _
Coa M.vezr 5 S . B
Matoeloved yeass 355



The casein was leached of vitemin B by soaking
for 6 days in & dilute acetie acid solutions The water
was chenged twice daily, the last five washings being done
with distilled watewr, |

The bdbutter fat was heoated to about 6006@ and file
tered through cotton to romove all curd and wheys

The yeast was propared by Pfirst mixing with water
to form a smooth pacte and then neutralizing to litmus with
sodivm hydroxides 7This was done to insure & move complete
ﬁéstﬁmeﬁion of vitemin B Guring the heating processs The
yoast was then aubtoclaved at 15 lbss pressure for 6 hours,
dried, ground, and stored for wsows

Depletion Period: There was & conbtinued gain in
weight of the cxperimental & imels for the first 1014 days
of the depletion periods Tho weight then became stationary
an& began to declines Uhon tho welight wag 1 or 2 gmss less
than it had béen one wesk before, the vitamin B stores were
considersd to be depleted and the rats resdy for the test
period propers Ao nearly as possiblo they wore divided
according to sex and weight into 7 groupse Fortyetwo rats
were used in feeding tho three forms of the supplement at
geven different levels.s Six rats were used an.each leval
and one from each litter was retained on the basel diet
for a hegative control.

Supplementa~-Poasi The peas to be used for

tosting were bought each week in the local market and
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stored in an electrie véfrigerator (at a temporature 0?
589Fu) wntii time to propare them fop ﬁhﬂ gupplementary
feeding vhen they vwersc shelled and woighed into thweso 100
gram portiongs The two portions for eooking wewe placed
in enamel contelners and oneshalf cup of boiling water
added to each portions They werc covered end cooled 80
minuvtes, the average boiling time being 18 minutess Dupw
ing the last five mimubes the 1id was vembdved %d aliovw the
vater to eévaporate Lo drynesss They were then cooled and
weighed end emy additional wator needed to rostore théem
to the original 100 gra weight was addeds This added
water had Cirst beon used to rinss the pan in which the
peas vere cookels Possible losses of the vitamin by
solution were &veided in this waye

One 100 grem portion of the peas was thenm
coversd and placed in o steam baths 8ufficient stesm was
applicd to maintain & tomperature HF 85964 for 1 hours
The temporatuve veading wes teken every 20 minutess Eigh~
ty-five degrees ct-waa\ae%@mm&na&,aavan average of otoam
table tewporature Lpoun vocords takon &b a cafetoria fop
several Aeyss After removing from the steam bath the poas
wore agein cooled, weighed, and water added to regtore
their oxiginal 100 gme vwoights By 8o doing the cooked
peas and those sooked and held at steem table tomperaturs :

tould be fed on the same basis BE raw poade
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All throo forms of €he supplement woye grount
in a food choppey in order o mix more thoroughly and meke
all péwts accessible for feoding and weighings They were
theﬁ plaeced in half pint glass Jars, covered tightly,
labelled and ma%u?ne&‘ta the vefrigerater whore the Lome

p@raﬁﬁreiwas‘kepﬁ at $8¢F@ This process of preparing

the psas was repeated ocech week duripng the exporimental
poriods

Supplementery Feoding: Tho supplements were fed
3 times o weel, caleulated on the basis of daily feodingse
Raw peas wemé fed at 042 gme ond Os¢ gme levelss The cooked
poas ab 04266 gme and O«8532 gme lovels and the peas cooked
and held at ﬁégﬁw for ome hour, abt 0«3 gute, 05 g, WA 047
Gine Loveolsa |

In caleulating tho levels to be used an effort
was made to gupply an émoun%.l&wge'enough to produce only
the desired 8 gmsy gain in weight per week, which is the
least smount thaet will malntain health in the experimental
aninal3« The weighing of the supplément was:@cneﬂan‘gﬂ’
amélytical balance as rapidly as possible to pravént erTors
from loss of moisture by evaporation. The peas were placed
on glassy ﬁuppiemant‘diahea and any portions that were
spilled were recovered and peplaced in the dishe

The rats wers weighed csch week for four consos

cutive wesks and records kept of losces snd gains in weight,
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RESULTS AKD DISCUSSION

et o

Negative Controls

The negative sontrsls fn this otwdy showed signs
of rapid decline as the experimental period progresseds
Lose of appetite was noted, repld lose in weight, listlessw
ness and wealmess, the charsctepistic humped spine and |
kinked neck, and genoral malnourished appearsnce were also
obgerveds The fovos became few and small, the eavs; tail,
and feet anemic in appearances ALl the ﬁagaﬁive ¢ontrols
Gied befors tho sud of the oxperimentel peried, with the
exception of one, their average survivel pepiod being 24
Qeyss Bigns of polynouritis aid not dovelop in this group,
This 18 ovidence that the basal dict wes frec of vitamin.
Bs Sherman (41) quotes Drummond who suggests that negaw
tive controls on & vitamin B free dlet do not Gevolop
polyneupritic symptoms because some vitemin B ig supplied
by 1iberation from the rapid br@akdgwﬁ.of boly tissues

| Autopsy findings wevenled 2 shrunken prolapsed
condition of the inieskina& treet with & hard mass of
undigested food in the stomech and cocume Those obsopw
vations were made also on the pate receiving low level
supplements byt not in the rats on the higher levels that
had made good weight gaings Rowland (8 )'is guoted as
believing that this prolapsed comdition and stasis is due
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to o degeneration of the muscular costs of the bowel, the
lack of muscnlar tone preventing normal peristalsis, 5o
that the food &oés not move onwerds Thase observations
aw@vin kooping with the genorally secepted findimgs that
vitamin B ls ossentisl %o the hoalth and intogrity of the
inteatinal tracts |

A pogsible enplanation for the longer 1ife of
the one n@@a@ive control may be thet in the m@gﬁt&ve'aanm
trol group and the rats on the lowest lovols, coprophagy

was obgeyved on sevevol eccagionsy This is not an wnuseal

" observation in ratd doprived of vitamin Be GCuorrant end

Dutchow (6 ) call sttention to the improvenent in physical
copdltion of rate fod supplements of feces becauge of the
pregonce of vitamin B in thoms

Loy Levels

The wesults of the ezpevimental fgeding ave
sumorized in TobleVie From those Aate 1% will be seen
that the rats oa the lewest levole of all thvee fomus of
the vsuppl@m@né lodt welight during the four weecks periods
Tro animela, ono in the growp fed 0»266 gae cooked peas
mnd one in the group fod 043 guy cooked peas held at stesm
table temperature made galns of 12 gusy eachs For this
thore wgs eeason to suspoel coprophesy as in the nsegative
control groupe. The losses in welght of rate on these low
leveles for all three fowms of the tupploment are seen to
vary widelye
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Por the anﬁmais fed 042 gime rav poas, tho vare .
iation 18 from <) gne to »34 gnsy fox thoae L@ 0.266
gme cooked peas, the losses vary from =1 gis to «31 gme;
for those fod the 0sJ gme lovel of coolted p@aé held at
steam table temperature the vﬁwiaﬁﬁem is from «3 gnde to
@17 gags Wiﬁh.avemage‘weekxy 10080s of B gmes 3¢i SRS .
snd 142 gnes rospectivelys Variation in weight @aﬁ be
expestod, secording to Bisbeyf6 ) vhem vats ere fed dicts
vory low but not ontirely lecking im vitamin Be

Beoing definitely Goo low o socurs unit growth
it 15 not possiblo Yo cstimate the offect of the heat
troatment on vitamin B at these levels, It has been showm
by MeClupe aﬁ@ convorkers (28) that in feeding loss tham
the necepsary amount of vitamin B for unit growth we are
not dealding alone with the nutritional effect of a lack
of vitamin B but with the effects of inanition alscs Sympw
tomg of polyneuritis doveloped in the animels on all three
devels, bubt was mﬁﬁélpr@nounc@@ in the pats fod 0.2 gme of
vaw peage Loss of muscular control, paralysis of the hind
legh and cart wheold turnings wero obgorveds Autepsy finds
ings wore similer to those found in the pogative controlse

Rau Pegs &

splonent

In the group fed O«¢ gms Of rov poas pop day an
averags gain of only 1«5 gngs por weok was mades Kvidently
this level was still %too low %o segure %h@-ﬁ@@&ﬁéé)ﬁ gﬁsw
gein per weeks There were definite symptoms of vitemin B
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deflelency though not pe proncunsed ap 4n the Llower levelos
Stunted growth, hinked noek end variedlo gelns in wolshb
vore neteds Three ratd on this lovel medv 10 gubs, 12 guss,
and 15 gns« godn pospoutively, while three others made gelnp
of 1 gmey 8 guse, ond 3 gngs This 8t41Y shows tho Yoo
. sistonsy in grouth fowsd 4n focding the vitemin ot levsls
thet ape $oo Jows Those rosnlis wers unlooked Por since the
galonlated Ol oo lovel vas within 03 gme of the cncunt
£o6 by Funnell (18) vith vhish she obiained s avevags
wem&ﬂ;@r @mm of 7+ gmse with fresh poass Comparing -wmm
in tevap of walts per @i, Fusinell oblalned 5 units pér gae
With 0.5 gn. fresh peas as soupered with L.2 wnlts per @m
with +4 gm. feosh poas as found &n Sho prosent studys In
vonsidering the possible cavsgs for this Qifferense in Pow
sults 1% Lv 3@ be noted thet W
grovn poes, while those used Lo this stwdy weps vinter ot

nnedl werlred with owmmpr

Pifferentes of scason, climbtey soll, verlsty, and degree
of msburity should Yo taken Into consideretion in evaluats
ing thoe pesmlibe: Provious Lnvestigations bave shoun thad
puch sonditions ove faetops affucting the vitwmnin B activity
of foods Boll aud Mendeld (V) found thet the vitenin B
complon was tuo $o three tines as rieh in spring vheat es
in vinter whost. Hunt {18} Zownd s wige @lyferenes fa tho
vitamin B sontént of vhest grown in @4fforent years, which
ho consifoerod to be Gue %o verietion in glimste; eleo Pune
neil {13) fourd & veriation 4n the vVitamin B content of
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fregh peas grown duping different scagonse

Netupityt Hunt and Kromes (%) ropert & hishew
poreent of vitamin E'in milk Lrom gows fed grass grovm :
during the months vhen conditions of heat and moisturs
produced repid growth than in milk from cows £od grass
produced during the ecoldor part of the growing Soesons
Thoy observed that the less matuye tender grass contained
a higher percent of the vitamin fhean the over mature grassy

In & later study mado on alfalfe ond timothy
hay, Hunt snd E@l@-(lg} voport thet ac the bay metured,
the protein and vitemin B and G values decrossed markedlys
Timothy tut June 12, 26, and July 3, yilelded Cu77 units,
066 units, sud 048 units por gne respoctivelys Thess
findings have » spogial bearing wpon the interpretation
of the reoudts obtaimed in this study in which the matupe
1%y of the peaos varied greatlys Somo of these were vowy
immaturo tut & larger part was ovep mature, sprouts heving
forzod in many casess Twenty minutes instead of the ueuval
15 wewo necessary to gook the peas sufficienblys’

Fomogeneity: A factor which may have inflwenee@
the cmount of vitemin B in the raw supploment was the uhw
oven distribution of the embrye and skin of the pes in the
weighed auppiémaa%a'-Thﬁae papts Gid not mix well with ¢he

loss vitemin B wich endosperm possibly interfering with the
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aoeuracy of tho doteruinations
m phudying the mmlw @bﬁmnw& wﬂ.ﬁh eookted
p@m faofl ab the 0.B52 g &@Wl 4% wan observed thet tho

enfuele made consistent gndne W@M@ﬂm 4 gnge por weglks
This is wore then tho nevtssary S guss geln per wedk needs
28 te weasuws & updd of vitenin By cooked poss An thio
ptudy sre found ¢o ocondain, thowefors, Zwd wnids of vibw
B por @rems |

Poptunately no compariven of tho lopses fa

eooling peng ten be made hore singe Lhe m@;@&@mm of 04
gne OF Yow poas ,3&@-&&@? Petled to produce ﬁ:m unid g;mw%
noeosyary for & basle of coupapieene

Ao has elveady boen showm, howewer, viteuin B
45 sensitive te melst heat &b fempspatures sbove 100° ¢.
Inerensing alkelinity méd deeronsing seldity hesben 86 .
&aa&%m@mmy Tho worlk done by &@@M@ on@ cosvorkers (28)
that done by Shévmam
{43) on tomate julcs domonstrete the suspeptidility oF
vitemin B Yo hoat. The loss of BOF of the vibamin fa sodke
ing of %m@wm ad shown by Munsell (25) end of 267 4n tho
sosling of pess ns shown by Funnedl {13} indicebo the lopge
&0 that wey be cxpeeted by thé ordloary soohking Proeeds.
Comparing the vosults obtefned in this otudy with those ohe
todned by Pomdll we find & vitanin B value of 8+ unibs
poy grom for cooked winber pvas ag compared with 5.0 wndte

on autosleved yoast and liver and




per grtm fop cooked twmer peass This veristion io one
that might bo sosounted for an due to Gifforonse in
soagon, glimabe, and vapioty of produst, as thoum by tho
poports of previous investigetionss

ﬁ’h@ rma s’@@. @.5 @m @g w@wa@ poas med nbsdned
at sheon Bable tempovature made the average gain of only
1.5 gnge pow upely Thepe m@g Goftuite oyupbons of polye
nourdtis snd the vapiebliity fn grovth that is found in
fooding low lovols of vitemin B, In towms of wnit velud
only 0.86 unlts sop grem wors fownd An tho poss b6 this
Jeved of this supplondnts m sompared with 2.4 wnito pop
gram Lo cookod peas there would scen U0 bo o sovions lodn
duo %o the shom %able holadag periods

. WAth the 0.7 su. lovel of the pupplémend, howe
gver, botber pesults wero obtadnell. An average wodkly
gedn of 644 gns. por votk wap made, giving & vitasin B
vaive of 3 unito per gram §or Cooked poas meinteined for
% howw =t 85% G. end Pod at 0.7 gn. por doy.

& popsibly cplenstion Per the merked AE2Toronce
dn rosule of theos two levels of the pame supplomend 4y
that the 0.6 gne lovel 1o Just uwnday tho cwount needed %o
produse unit gpowth. The 0.7 gne Llewed, ou the othor hend,
40 Junt cneugh higher o supply the emount of vitanin B needr
¢d for more grouth and wppotitos A fgetar ﬁkza‘ﬁ might have
influencod the higher wibaiin B valus of thy poos bold ab
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8506* for 1 hour i the soluble guality of vitamin Be
The long heating process at o comparabively lov tenpers
ature may have coused a diffusion of this vitemin fyom
skin an@ embryo thiroughout the endosperm o thet more was
accessible 4n this form than in the pess cooled for only
a showt &imes The yosults obvained by Aykreyd {1 ) with
rlce that had been sosksd and stesmed befove miliing
wight be congidered as comparadic to the resulis obbained
here with poas held for 1 howp under condibions of moisw
ture and hoats Aykroyd found more vitamin B w@@@néz in
the rice soaked and stoamed befored milling than in the
rice not soaked oF stommeds 'ﬁe believed this was due %o |
the diffusion of the vatewesoludble vitamin Lrom the byon
and CmbRyoe |

The ovaporation of moisture vhile weighing the
supplemont might be considered alse to have influcnsed
tho amount of beth the m@k@@ supplements actually feds
The cooked peas bold ot stomm teble temporaturd, howevewr,
elyays seemed moye molsgt than the cooked supplement and
the eveporstion wore rapid in woishings

In view of the foct that sevepal of the leovels
were too low to constitute a wmeadure of the vitsmin B
présent and thet there were varistions in weolighing dus
to evaporation, also possible voriationg in the dispepsion
of the vitemin in ell parts of the pon, no Gofinite conw
clusiong can bo dravm at this time as te -%ha effect of
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holding this food ot stoam Sable tempepnturss Puwther
vork poeds to b done weing higher lovels 4% winter poss
ave to bo bested, for he roeults of ¢his study lesd toe
$ho conolusion thet $hope swo many vepleblos Lnflucnelng
tho vitemin B contond ¢f ponss

LeeRay peas and poas cooked amd those sooked and hold for
ono hour ab 88% G fin o stesm table have boen tesbod
for their vitemin B valug.

2e+The lowsy Lgvels used in focding pey peas, ¢ooltcd plas,
and coolted peas nold ab stoms tebls Sonperature, wore
81X tob lov o prodce geins in wolght in rats depleted
of thelr steres of vibanmln Bs

Sosllo nooupate Qeborminations wors obbeined for tho vitamin
B value of frosh poap olnce the O.4 gre lovel ugcd was
alao %00 low to give tho nocospary 5 mugs gein por wedk.
Foup Conths gne of poy psag profdused an aversgé geln
o2 only 1.5 gus. pop wook,

dwoL§ 43 not popsidle b0 debiwmiung tho losses of vmmm B
in sooked pons beseuyd of the Row lovhd wsed & pav poati |
Cookod poas £04 at 0.53528 go. por dey produced on averass
goln of 4 gmye por wook. Phis would fndicato 4 vitemin
B walug of 2444 units pey gu. for cookod poat

ge~Qooked poas hold for ond hous et 867 Cs dld wob producs
uwnit growth vhon £o08 at 0.8 ga. por day bub vhen fed &t
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tn@ higher level of 0«7 gme per day, good avemage‘gd@ns
of 6e4d go8s por week were obiaineds This would indie
cate a vitamin B value of 3 units per gme

Bewlis goom results wverpe abtainad with cooked neag maﬂnﬁained
a& 85 Ce for I hour &g with.peaa gooked 20 minutes, therew
fore no losses of vitamin B gan b attridbuted to the
holding of peas at. 65 Ce for )} hours

7#wThe vesults obbelned in this sbudy ave inconclusive,
however,; because one or more of the levels in all thyee
forme of the supplement wore too low Yo give unit growbhe

BesThe peas used in this study are shown to be Yower in
vitemin B than those used in tests by othor investiges

Loras
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Table II
Growth of Rats Receliving a Vitamin B Free Diet

Male 8 Initial Welght at end Final Total
Fomale 3 Weight of deps pers - Wte  Gain

1003
1018 .
1024
1031 -
1038 <
1041 |
10850

51 ' 79 &2 27
40 64 54 «10
48 o7 68 «20
81 104 53 wdl
46 81 47 34
48 98 b1 47
53 100 &2 «48

100)0)10@*005 '

ST

APOBBE OersemrinoireisciBo B BB 23S

All enimels oxcept Nos 1018 # died before tho end of the
experimental poriod.
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Table é
Grovwth of Animals Receiving Cooked Peas Held

&7

Rat Sup.
Wos

Initial Wts at ené Pinal

Wee

of deplets
period

WEe

Total

gain in
GXEO DO

Gaing

rer Wiy
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1017 &' 043
1025 @ 043
1036 § 043
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i

51
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L
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» 48
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e 0]
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$ 045

104:7 “’ 005

s

54
42
46
60
46
54

 gmSe

8%
66
89
.58/
78
20

a8 v

98
68
97
0
75
96 -

ng@

$245
¢ 8
$2

4143

41&3

Aﬁafage 0s5

49

82

87,

-~ 1:3

e

1011 & 0.7
1013 & 047
1025 8 047
1040 & 047
1043 § 0.7

1048 ¢ 07

— ms. -

40
a4
46
80
43
55

SnSe
85

80
99
89
09

Ense

22

106
101
117
119
20

gnsy

$6.8

‘505
€445
¢7+5

863

Avorase 067

46

110

$6.4




Pabie VI

Bumangy ©f Swotlh of Soba ‘éﬁam&%@ﬂ fiow ond Coohod
Poeo aad Pous Cookiod ond Ho24 ﬁ% S%oan Tablo
Ferporobupe A o Bowves of Yitenin B

S S HE NS RS o
m:p@mw Ambelad E"@qa BF Ave . Duellhe  Ave  To%es L7 goln
FIG %ww Pats Inledal ot end @mﬁ @mm nay ool

s _ JHeleh BoResons Whs BY8 mis

ey - e e G3be  cabe  Oite

Eellogubive ' , o

@@mmmm RO b5 WS b
Dedotty Boy. o8 2 Th w1l w88

Poag, Row. «& @ B G LD
&m‘@ﬁ%@ _ _ , ) ,

ﬂ@@z@t”@@ wIEE & & & 5] Wl wiel

Poags, N ) ] ,

eoolod 4588 ¢ 44 20 g0 #lg 4
GePoany BOIA 9 & oy 8B 70 w8 wl.8

T’*@m@ 2dd «8 @ &8 &n &9 &8 A8

%@% wodd o7 0 6 46 26 30 a8H 40

& &22. O mm ane e ‘@e}s?gm ma @f Quye @?Mﬁ%@& g;@aﬁ @@w



40

BIBLIOORAPHY

1””Ayk&“@y@s e Re
Tho offosts of perdoiling and miliing on the
m@m@mm&@ vitemin B end phoopbetd contond
<374 E’&Q@n Fe %m@ﬁ»@‘@@g 5231@4“18@(39@2)

B=eBender, Re G. and Supgl@@,, Fa €0
The viSomin "B" end "¢ content of dpry shkimmed
milk and vhoys J. Dalpy Scl., 16:445+448(10582)

&3*«1‘%@@@&.{% Jepaio By ond MacLood, FPlorongd :
- Quentitetive apperiments on thoe opsurrencs eof
vitemin B in ovgems. J. Mutrision 10:179-186(09s5)

A--Bulegw, Audwey G« and Welght, Margewrot D. |
The vitenin B ¢onbent of @ad@o Blo«Bhem. I«
1802-1807 {1838)

Ge-Bodancky , Hoyers _
. Introduction Yo phyolend obemlabyy. Srd Bde
Jobn Wiley snd Sems, Inc. New Vosk.{1936)

GesBiaboy, Borths
mehé&? e gwiﬁ@@maﬁi@n upen vitaming B (By)
’ﬁw Disvertation, Colunbis Tniversity.

FeeBoil, Mo ond Mondol, L. Be
T aﬁ\smmm@n of vitemin B in the whoat
kepnels Ame §o Physiols 621345-361, @1@2@;

‘Beelongill,y Boovge B
The m@m&n B Roquiranent of M&m« mx,@ Undver-
silty Ppoes, Now Havem. &wéé) .

Po=0p0ll, H He and Nondell, Le Be
The Gistribution 6f viltania B fa ¢he mailsze
wornel. Ame Jo Physdols 742674»679({1988)

l@*@m@m@g Te
. Vigemin B in as@y and quentibetive changes of
vitamin B during forméensation. & Agrs Chdm.
Socs Japan 931807.1519(1953) OChan. ADos @83
3662(1934)

il-Dougless, Ruth, Holloway, Mae, mliwms, Josseutne and
Garrison, Alée
The vibtomin B and G conbond of Bose Poarse Je
Tatpition 7387+00,{198¢)



50

18-«Flvehiemy B« A and Showman, W. Gs

The vitmmin B (By) contont of oninmal $16506s

Js Blol. Cheme. J0DRXER (1036)

1$e=Punnoll, BEsthey He o _
An fnvestigetion of vitemin B and vitemin @
valnos in seme gocds usod ag fouds Dissoptas
taomy Columbile University {(1936)

&4*“@1@%&@?3@@, 15 Loy @P&@ gﬁ?@®n@@@zﬁo s . c .
%8 the vitemin B combenh of mill wador physe
%%gg%@m contyrol? I Wubpition BsA00«022,

16+eBuorrenty Ne. Bs ond Dutcher; Bs & , _
The influence of eqprophegy on vitemin B asesy.
o Blod. Chems $83285+830 £1852)

Lewetuigprant, N. By ond Dotehory R e , -
The effect of vardous wnothodg of pastourisabion
on vitemin B ond O contient of eowe’ wmilks &
Dadry Sel. 174466466, (1936) :

$TesBans, Co Hep Bobhko, Relle, Wilder; 0.M. end Boll, D.8.
Stese of matuplty oF bayo apb 1% offeste tholp
biologieal end ¢chomieal onelysis. Ohde AgPe
Expbs S8, Bulls §510:80«90,(1958) Chene &bos..

1585 {1esR)

AB=cfomb; G He _ o o o
Vigemin B in vhoat ap influonced by feptilizer.
obio Agrs Eupe Sta. Bull. 415+418 (1027)

Apectiunt , €o Hep, ond Kravssy We B ) '
L The dnflucnes of the ratlon of Ghe ¢ow upen tho
© yhbamin B end @ contiond of millk. & Blol. Ghim.
P23 6314638 (2931) |

B0~sHaddiday, He A ,, .
Quantitetive somperative studdces of the adsewrpe
tion of vitemin B and © fyom protedn frep milk
by Lloydts xaéag@m@ Diggtriation, Columbia
University, (1989). |

Riw=Hotlory Rossloent h., Clare Regho Moyer,; and HBusgeman,
Dowothy» Vitomin B snd O contont of cercals.
Winte Stas Bull. 369 {1933)

2lesRoomen, Ja "Asz 9 Kl&ﬂ@g Qe .{E'p 9 mvahj@mﬂ G ofda g Hord, BaBo
The atebility of vitemin B (By), @ (Bg) end By
J. Mubpition Q:R05~243 (1935)



81
23w=wRraugoy We By 7 ' . |
E¢foct of pashéurication on pome 0F the nubpi-
v properbies of wdll. Proce Inbérn. ASSoC.
Bidk Dealorss 264k Anns Conventlons Septe
{1983} pe B»C

8d--Lovino, Vioctor E. o 7
Tho vitanding, IZ. Tho wetor soluble vitaming.
J+ Chem, Bdue 120480-435 (1935) :

28e-liungell, Hazel Be and Kifer, Hilde Black
: The vitamin B and € content of ravy wnd sogked
broseclls . Homd Koon, 84:883-886 (1932)

26--odd gal Rescepch Gouncil. Yitewinae: & Supvey of
Prosent Fnoviclse. Hio Majosty's Stationery
0gciee, London (1888) '

gre-lliller, Co Ds ond Robbins, R+ 6o
Vitanin B conbent of frosh dalken and valuvan.
Heveld Agwys Bxpbe Stas Ropb. ps 24 £1908)

B8eulicClupa, P Sy Voris, Ls ond FPordbos, Be Be ‘
The vtilization of enopgy producing mutrinent
end profoln ag offocted by Individual awbris

- ent dofielenedes, LI, Tho offeet of vitamin
B deficieneys &» Nubrition 8:806-308 [1834)

29=ullorgon, Agnco Pay and Fredewick, He ,
Yitamin B in bpead aagaffegta%,by balkdng.
Goroal Chome 123590401 {1036)

B0-nPLimmer, Ho A o | | N
Food, Honlth, Vitemding, 6%h Raitien, Longmeng,
Groon and Go., Londen (1933)

3l=sPoymanent Commibtes oo Biologienl Standerds _
"Repopt of tho confovence on vitomin shtanderds,”
Loogus of Uations Hoalth Orgenization, London,
Genova, (1981) Bull, 866 Chim bleds 163440«
&67 {19563, Choms Aboe SBIETTL{1854)

$2+=Rose, Hery Svarts =
The Foundations of Tubritiom, Rovised Bds
The Macmlllen €0+, Now Tork {1088)

BHeeROBCO Gy %&9 e . . , ,
Distwivution of tho vitemin B eompler. I-Leafy
végetables, Bio~Chem. J.8411764-1768(1050)



B2

%“*’R@E@@@ & i gﬁi
The dlsbriviion 6F the vitienin B. ctmples.
%gggé?% vogebablon, Bleo«Chem. Js zaemzﬂaaigea

35weRO0e00, Mo Hp
The distribution of the vitamin B @@myleﬂa
LEL~Frudts, m@waemmb &y %g@@@@«@@@@ {1931}

56*’”%@@1@9@9 @o B
The vitamin B and © conbeant of Avizona gr@wm
%magefruat and brogctli. Js Homd Beons 87
BB-866 (1P85)

BT=eBuootmon, Marden s e
Pood Preparatien. John Wiley and Song,
New York (R962) |

JQe=Bammaole, Loo, nd Koch, Fred C.
Relabivo @@&m@&%&@@ of the hoat=atablo and
hoat-1abile Lractions of vivemin B dn waw
and ovaporated mﬂlkg Jo Mugritdon B18OTe
524 (3038)

BPseummorfoldt, Peard
The wvalue of an inerensed supply of vitamin
B ond ivon 4n tho alob of ohildpens Am. Js
Pisnasos Childron 4338B4+291 {3952)

40enShoymany He Co
Pood Profuots. fnd Bditien, The Macmillaen
ooy Hou York (38 8§§

Blesgnerman, He Geo ) . o
Chemistery of foodo and nmubeition. 4th Edition
The Matmiilen 80w, Néw Terk (1935) ,

ABaalihipple, DoOPothy V.
Efeeh of cooking np@n\vﬁ%@mﬁn A ond B im
oypterss Je Nm@wﬁt@@& P5365-264 (1085)

48e-1dbeitl, May L.
V&%@nin b and §& gontend of soebton Boed
ducts. InGs Mg, Chame BH31169-1375 {1 uﬁ)




