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INTRODUGTION

From a ﬁublia health standpoint %ﬁa‘nutritimnal defi-
clency éisa&aas%ara not a cause for undue alerm in Canada,
Cages of this nature are a@ﬁp&r&tivaly‘xare, @ege atb %hé
Hospital for Blek Children (40) in Toronto 13.192$ there were
154 cases of rickets., Ten years later, in 1985, there were
eﬁly foupr, Hﬁw&var; from dietary surveys made in Canada and
the United States it is guite appareant that of tha populations
of both countries &s ﬁaﬁy as ounesthird are receiving diets
whiah"are not in line with optimum health. %The point stressed
in these surveys was that the dlets of the people of both
couvatries are deflolent in vitamin By or thiamin. Surveys
ié Canada show that the average daily inteke ranges from less
than C.6 to 1,2 milligrams per day (30)., This is to be
contrasted ta.a reconmended dally intake of 1.8 milligrams
for men aé@ 1.8 milligrams
Council on Nutrition in 1842,

for women, approved by the Canadian

From the large numbers of assays which bave been made of
a wide variety of aﬁim&l'&na vegetable tissues 1t is clear
that thiamin is of nearly universal aacu&raaaa in guantities
ranging from 6gl.ﬁm 2.0 micrograms per gram‘ in the wide
variaﬁy ar produsts in the ?l&ﬁt world these anounts are
exceeded only ia aeéﬁs and yé&&% grown in rieh medle, The
task of estimating the thiamih supplied by mixed diets
requires accurate analysls of a large aumber of essential
foods, Vegetables rank high 1n the dletaries of not only
Canada but also éﬁher countries of the world. 4 knowledge of |



the amount of thiamla present in sueh home products 18 necessary
in order that progreams to alleviate the above mentioned lack of
this factor may be initiated,.

As a consequence of a "sophistication® of the modern food
&uygly,vit is becoming increasiagly difficult to set up
dietaries that will easure adeguate autrition. Extensive
educational programs have failed to bring about a greater
appreai&tiéa and usage ¢f the natural foodatuflfs such as whole
wheat flour and bread. We 1lnsist oa esploying methods of
cooking that ounuse a loss afkmﬁst, if,aa%;all,af the @sSQaﬁiﬁl
minerals and vitemins, A coatinuation and extension of the
preference for putritionally iaferior foods gasaé a question
of grave concern with respect to the effect oa the publie

bealth,

This is gasentially true lin view of the health problem
that has come to light during the past war. The medical pro=-
fTession and nutritionists have at the present time, and in
Winnipeg, a splendid opportunity to study a nutritiocnal disease
which is relatively rare in Canada. The Winnipeg Grenadiers
returned some weeks ago, and we know that these boys, having
undergone untold aisery, are suffering from beriberi as a
result of 1aek’af ?&ﬁamia By and general malnuiritioan. Recenily
I had the opportunity of visiting one of our local military
hospitals and of interviewing one of the doctors and several
of the patieants. The following are a few of the facis as

taken from one of the hospital case histories:
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The patient was shigpad out te Hong Kong in October,
1941, The Government surrendered Hong Kong December,
1941, Food in the camp in which he was placed was
very poor. He was given one can of "vegetable soup”
made from grass and herbs per day with two small buns
made of white bread and one eup of tea, glven at
dinner, He had meat twice for the duration of hia
stay in Hong Kong (Jan. '48 - Sept. '42,)

Bﬁ was shipped to Japan in 1943, His feet were sore
and weak and he had buraning pains in his legs.,
Finelly his feet beteme numb and he weat blind.
Shortness of breath developed in the summer of 19&4
and & pain over the apex of the heart radlating ¢ g
underneath the shoulder blades began in the fall- af
1944, He was in Koki hospital for six months with
beriveri and malnutrition., This was ia November-
1944 until April 1945. When taken prisoner he
welghed 228 pounds, While a prisoner he came down
to 98 pounds., His present weight is 198 pounds.-

It 1s in such cases as this that as complete a kaowledge

as possible of the chemical composition of foodstuffs is es-

sential.

With the availability of greatly improved methods of assay
it has become a relatively simple problem to determine the

vitamin supply in our foods, However, it is becoming more and

| more important that we determine wvalues for foods as they are

consumed, The vitamin content of the veggtablea prior to
¢ooking or processing may be affeéﬁad by long periods of _
nolding in the retail stores. There is considerable interest
in improved cooklng methods and evidence of this better
vitamin retention through their use is now available, Lesaes

due to home and commercial canning of vegetables have hereto=
fore been regarded as inevitable but many of these losses may
be reduced as eagily as those encountered in the final

cooking procedure.
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It is for this reason that a study of the thiemin content
of Manitoba vagetahl@s and the affa&tg of processing aaﬁ'ﬁterw'
age on the thiamin content has been undertakea, A large
representative group aflvegeﬁables kaﬁ been aav@raé and the

effects of canning, storage, aa@raaakiag have been determlned,

| It has also been suggested thet soll type aad nutrient
supply both heve an effect on the thiamin content of vege-
tables, It is clear, however, that only a few of the many
possible relationships have been studied. An attempt is sade
in these experiments ﬁaléﬁaé§.%h$ variation in thiamin coatent
of Manitoba vegetables over a considerable area, Seven aistriats
have been considered and although 1t was lmpossible to securs
data on soil type, the degree of variabillity has to some extent

beea-éaﬁarmia@é.

 REVIEY OF LITERATURE |
Although seurvy, rickets, beriberi, and pellagra are

widely spread and have be&a'kﬁawa thrémgheaﬁ recorded medlcal
history, it is only during the most recent years that the
causes of such diseases have been found to be that of dletary

origin,

1t was Takaki, Director-Gemeral of the Japanese Navy,
who eariy discovered that the ocourrence of beriberl could be
reduced to & mimimum by the addition of more meat and vegetables
%o the sailors® diet. Following this Dr. Christisan Eijksmes in
1899 found that fowls fed on polished rice developed cone
vulsidaa aadﬁapiabﬁeﬁamas. This is a spastic condition

. characterized in birds by raﬁraetiéa of the head and protrusion



ol the abdowmen.

In 1911 Punk attempted to isolate fxam.riaa polishings

‘the substance active in the oure of bayihari.'&aﬁ'ia 1912 he
assembled the facts coneeranln: bepriberi, BOURVY, riokets and
pellagra. 'ﬁe advanced ihe thaﬁry that other vitamins similar
to his soecalled "anti.beriberi vitamine" must sxist and that

these subsﬁaaéeﬁ‘waﬁlé be capable of curing these deflciency
| diseages, Ey,a 3éng and troublesome extraction Jansen and
Donath {(24) in 1926 isolated from ries polishings, ia
sxtremely small yields, a highly active hydrochloride which
analyzed for the empirlcal formula CgHipHaO, aﬁﬁliéaﬁiaa ot
the methods of Jaansgen and E@aa%k to the axt&aati@a of yeast
enabled a groud of workers in the Gottinghan Laboratory of -
Professor Windaus (48) iu 1922 to isclate small amounts of a
highly ective materiasl, This proved to be essentially identical

with Jansen aﬁé Donath's subsbance, but was found to contain
sulphur, %ﬁl&ia&&laa& his co-workers {(44) 1u 1954 were sble
to devise a method for securing consistent yields of aati-
neuritic vitamin hy&raahlwriﬁa,'aaﬁ in 1986 wWilliame (48)
revised his formulation, Together with Cline, (43) he
publiskea a yéeli&iﬁ&ry a&mmaaia&%ian on the syathesls of
the vitamin which was called thiamin.

The first systematie study of the distribution of the
antiberiberi vitamin in foodstuffs was made at the Lister
Institute of Preventive Medicine by Cooper (5) im 1912.
'?hﬁs investigator used the prevention of g@lynéurieia in
plgeons as a eriterion. Hot only did he aﬁal with the
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qu@nﬁitative determination of the preventive powers of various
aamﬁen foodstuffs against polyneuritis in these birds, but
also he dealt with ﬁhs fractionation of some of these foode
stuffs. This was done in order to add further light to the

subject of isolation of the aeti#e constituent er:danstituants.

This work was carried @é au?iag the first Great War due
o war-time needs. As knowledge acoumulated different teaha&ques
were devised aaa,allawsaama made for the remaining factors of
the vitamin B complex as they were éuly discovered. Many
workers began using the g&awﬁh of rats as the test atandaré.
Others have since used methods based on one of the following
factors: the stimulation of growth or of the fermentatieni
process of some specific micro-organism; the cure of poly~»'
nauritié convulsions in rats; the raiief of induced bradycardia
in rats; and the chemlecal reacticn of vitamin Bj» At present
the fermentation methods and the chemiocal thiochrome procedure
~ &are particularly adapted to.routine testing of biologiesal -

materials,

Alﬁﬁough sav@ra; chemical methods have been ﬁroposad for
the determination af‘viﬁamin B éurihg the lest few years,{
perhaps the most commonly used and studied is the thiaehraae
method., In 1923 Jénamasi}; (25) demonstrated that a reduction
of ferrie férriayaniﬂe with the formation of a blue 6alar was
found to be the reaction always given by extracts coantaining
vitamin B. Jansen in 1936-38 (23) devised a procedure for the
ohemical determination of aneurin (vitamin By) depending on
the quentitative oxidation of the vitamin to the fluoresoent
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‘thiochrome. This wag followed by an extraction with isobutanol,
and the Iintensity of the fluorescence estimated by compariscn in

8 standardized photoslectric flucrometer.

Since this time various alternantive teshaiques for the
thiochrome test have been r@e@mmﬁgd@a‘ ﬁa&méa&y and Cerecedo
in 1939 (21) outlized a method &géaﬁ on the oxldation of
thxamin'%w'ﬁggegﬁﬁg)g in an alkaline medium, Previous to the
writing of this latter article attenpts had been made to
aaparata'%he thiamin from mat@zials.iaﬁarfériﬂg'iﬂ,tha assay
by a&aarptien_@n Pransonite or similar edsorbents, In order
t0 provide a more affi&iémﬁ purification of the thiamin it
was found that a base axehange prsa@éués allowed for a simpler
isolation of thiamin, This was sore effective in preparing
samples for the ﬁhiaeh#amﬁ assay, and by means of this step,
materials which interfere chemleally or physically are
eliminated,

As early as 1929 speclfic efforts were belng mede to assay
a great aﬁﬁber of materials for their aatinemriﬁis vitanin B
sontent., Evens and Lepkovesky (10), using rats as the experimental
animal, found that the growth obtained iz the absence of the
snbinewritic vitamia B ﬁ@?a&éed largely upos the basal diet used,
Fizsen snd Roscos (13) in 1989, noting the need for a relliable
reference table published date on the vitanin contesnt of humen
and animal foods, including results of bialogicel tests prior
to this time. Booher, Hartzler and Ea&@%@a in their book
"The Vitamin Values of Foods" (8} susmarize the avallable
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data on the vitamin content of foods in relation to the variety

.Qf plant or breed of anlimal,

in an outline of the fungusegrowth wethod of thiemin deterw
mination Hamner, Stewart and Hatrone {19) reported results on a
auaber of v@g@%&ﬁlﬂag Data on the comparisosn o7 azalyses of
vegetables obtalned by the funguaAmaﬁﬁa@ and the chemiocal assay
method ag &iréﬁtéﬁ by Brs Le Re ﬁ@f&%a&é of Fordbam University
‘were taken from a paper by ﬁ@llar, HoCay, aﬁ& Lyon (20). ‘The
agreenent between the two methods on ilndividual seuples appeared

remarikably close,

Eﬁ mrﬁ&r'ﬁm.@htaiﬂ detalled aaﬁa on which average values
might be based a large number of different varieties of vege~
tables grown in the Royal Hortloultural Soelety's gardens were
analyzed for vitamin content by Pyke (38), Those richest iﬁ
By were found to be Jerusalem artichokes, peas, parsley, garlic
and spinach, The range for these products was from 27 I.U,
per gram, the lowest valﬁa for spinach, snd 150 I.U. per zram,
the high&aﬁ.valéa noted for Jerusales artichokes. lﬁ was felt
that although vegetables do not coatain a high consentration
of vitamin By they do provide Gl ampunt over and above that
 required to meet their own mebabolism needs. Therefore, they

should be coasidered as scbive contributors to the diet,

The changes that may coour during siorage,; processiug,
aad §£ﬁsarvatiaa of vag&t&blaﬁ'wwra descrived by Moyer and
Tpessler (58) who gave a detalled report on the somparison
and specifieidty of the chemical and blologleal procedures.

Eight frozen vagé%&%&aa were used in the atudy and good
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azreement was feuﬁa to exlst between the bloassay, thiochrome,
and fermentation maﬁhadaﬁ The values 1n/pg$; POr Eram were e
according to the thiochrome method --- peas 2,60, asparagus
2,04, out corn 1,17, lima beans 0.89, broscoli 0,88, snap

beans 0.64, cauliflower 0.43, and spiaach 0.35.

The thiamin content @f agparagus has b@en'given ag 0,195
mge per 100 grams by Fellers, Esselen and Filtzgerald (12);
0.219 by MacKinney and 5ugih&fa (298); 0.183 to 0.174 by Moyer
and Tressler (33); and 0,187 by Gleim, Tressler and Fenton
(16). |

Little difference was noted in three varieties of aﬁiaaeh
by Kifer and Munsell (26). The groups of rata.fad dsily
portions of 3 grame of Virginia Savoy, Viroflay, éna Princess
Juliana varieties made total gains in weight of 40.5 grams,
39.8 grams, and é?.ﬁ grams reagaetively'at the end orissven,

weeks.

The thiamin content of spinach has been presented as
0.050 mg. per 100 grams by Willlams and Spies (45); 0,108
by Fellers, Esselen and Fitzgerald (12); 0.126 by Conner and
Straub (4); and 0.304 by Nagel and Harrils (34), The latter
study was carried out under restaurant sonditions and the
loss of thiamin due to large cookery procedures was reported
as an average of 35 percent, MacKinney and Sugilhara (29)
report the thiamin value of dehydrated spinach as 1,02 mg.

per 100 grams,
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it is & recogaized feet that varlations in the vitamin
sontent of #@getaﬁias‘ag harvested are bound to be present,
Perhaps -the factors sontributing to these verlations eould be
1isted as climate snd soll, variety, degree of maturity, and
selective concentration in 4ifferent parts of the plant, nﬁﬁW*
evér, while soil fertility is known to affeet size of harvest,
fiavar and miﬁ@r&; soatent vafﬁﬁﬁﬂ, %hére i relatively iittle

informabion conceraning its influence upon vitamia gontent.

In order to study the eflect of envireament on the thlamin
gontent of peas, the same varlety of ?a& was grows in one year
by Fiancke et al, {14} in ﬁhraa different parts of Oregon, l.e.
Corvellia, Astoria, and Peadleton. Iﬁ aﬁ&itian'th@ same variety
was raised in the same place %waiéiffﬁ?@at years. ‘&'signifie&nt
&1§f@xeaea'was fa&é& in the thiamin coateat of tall Alderman
peas gréwngiﬂ one place in 1938 to the thiamin content of those
grvyn in the same place the followiag year, On the other hand,
gertaln varleties of peas grown in different parts of the state

the same year conialned approximately the same amounts of thiamin,

Several stuliss have been carried out on ﬁha vitaain A
sontent of various vegetables as affected by different coadltions
of soil detersinaticns., Swanson et &l.vééﬁl report that the
application of certaln sg&aifia fertilizers did anot influence
the relative quantity of vitamin A present in a r@&ﬁ vageiahla
in Buckner soil in a section of Towa, Whether the vitamin By

soatent of such vegetables would be similarly usaffected
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" plsewhere is a matter requiring further iavestigation,

2., EIfect of Cooking Procedures.

Aughey and Daniel (1) carried cut an extensive study ia
1940 to determine the effaeh of differeat cooking methods on
the thiamin content of & representative variety of foods, The
results 6§ﬁ&iﬂ@ﬁ were ss follows: thiemin destruction ia some
vegetables bolled in water amounted to as much as 22% with an
additional 15% dlssolved in the cookin: water. However, in
direct contrast to Richardson and mayfiala (39) thers was
found to be no loss of thiamia_in‘ea&ra@a prepared either by
the bolling or pressure cooker methods. A B335% loss of thisamin
in the boiled pared potato (20% destroyed, plus 13% dissolved
in the cooking liquid) was reported. GSpinach lost 30% of
its thiamin value (22% éaétrmya& and 8% recovered in the
cooking liguld); green peas cooked without soda lost 20% of
thiamin and when ocooked wité soda lost 33% (1i$ ia both
cases dissolved in the ocoklng liquid); saap beans lost 32%
of thelr original thiamin content {14% retained in the
cooking liquid).

Em?layiﬁg two occoking methods, Oser, Melnick and Oser (35)
undertook a study to determine the difference in degree of
retention of vinamins and minerals as affected by variations
in culinary &aﬁhaﬁ&, Analyses were conducted for the carotene,

thiamin, aseorbic acid, riveflavin, anicotiaic aeid, iron,



ealoium, and phosphorus coantents of féur rayreaanﬁa&ivg vegee
tables, before and aft@r cookling. By using the thiaahésma
procedure of Hennessy a congistent loss of thiamia wes found
t0 be significantly greater with the first method of cooklng
which utilized = larger amount of water than with the second,
Thiamin was destroyed to an exteant of approximately 8% in the
new and improved method of cooking. This is to be coatrasted
t0 losses amouating to 48% which wers incurred by the poorer
cooking processes. It was esnelﬁﬁaé,‘nawavsr; ﬁhat outside
of a few 1solated cases, if the improved methods of cooking
are followed there should be no more than 10% loss in either

vitamineg or minerals.

Thiamin losses in large quﬁati%y cookery were lavestigated
by Heller, MeCay snd Lyon (20)., These experiments were con-
ducted at one of the maiétaria& feeding industrisl workers at
the Brooklyn Navy Yard. 'ﬁlthéugh steps were not taken to
determine at which stage in the cooking process the greatest
amount of thiamin was lost, the losses of this vitamin during
the cooking and holding processes were caleulated as from 16%
to 64%, with an average of 374, Sueh high losses were
indicative of poor cooking §réea&&r$$ and changes were

fmmediately amfarﬁad‘

In 1942 Lane, Johnson and Willlame (27) attempted to
formulate & sequence of dlets which would eontaln all of
the more important foodstuffs of the American dletary. As
part of these studles, the cocklng procedure, representlng

a common customary kitchen practice, was studled as to the
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effect on By content of the vegetables and foods empleyed,
The thiamin content of the cooking wabter was ﬁartiaulaxly
shraéaaﬁ, to such an extent that 1t would be necessary to a&é
a correction flgure on the vitamin velues listed as "yleld

ag purchased" by adding the "By in total &iqu@r&”lar vice

Versa.

In the Messachusetts study {(1l1l) referred to in connection
with esnning 1@&5@3 in green snap beans it was found that very
small or no losses in thlamin and riboflevin were noted as a
result of cocking. The samples of frozen, a&am&ﬁ, and deoe
hydrated beans were 1€ months old when the cooking tests were
made. However, the vitamin By coatent of the vegetable as

purchased and as served did not vary to any great exteat.

Several praetiéas commonly employed in the home in
cookling asparagus aend spinach were investigated by Gleinm,
Tressler, and Penton (16)., These experiments were coaducted
in order to determine how these &ethaés aa&pareﬁ‘iéAeoaﬁerviag
the nﬁiaﬁiﬁ of these vegetables durlag cooking. The larger
amount of water in all cases in&r&aﬂad'tha anount of thiamin
dissolved in the cooking water and decreased the retentlon
of thiamin iﬁ the vegetable. However, little actual
destrustion of tilamin because of bolling was found, BSiamilar
regults oscurred whether the vegetable was fresh,; stored or

frozen. The results of thils study are sunsarized in Table 1.
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" A&ﬂ le
ﬁ??ﬁ@? or G@ﬂﬁiﬁg KN L&R@E Aﬁﬁ $MA£L,&m§ﬁRW$ 3? WAT@E ON ﬁﬁTﬁﬁTX@ﬁ

$g$a&ch

olcd ! Ihiamin Method of COooking Thiamin
Time ‘ Time '
| to Time to  Time
Condition Welght Return of Re= Weight Heturn of Re-
of of to Boil- ten~ Solu- of to Boil ten~ Solu=

Vegetable Water Boil  ing tion tion Water Boil ing tion tion
g2 pin. min.  pet. pot. ga. mis, mia. pob. pot.

Garden, 1,800 P 8 71 20 600 2 6 - 50 43
fresh 60 2 8 78 9 60 2 6 75 28
Stored for 1,200 2 8 83 12 600 2 '8 53 54
24 hours 80 2 8 89 «-{(1) 60 a ) BlL 25
at 18,8 "
to 35.506.
(68° to

. 787, )

Stored for 1,200 2 8 79 19 600 8 6 50 48
1 week at &0 2 8 92 --(1) &0 2 6 82 28
6% to :
4.,4° ©
{52° %o
40° 7,)

Commer= 1,200 3 4 74 33 600 3 03 61 38
cially 60 3 4 86 18 60 3 3 94 5
frozen : v : .

(1) Cooking wate# not analyzed,

Although up to 1923 practically all the data bearing on the
effect of eooking upon the vitemin content of cabbage were to be
found in the publications af‘EngliSh investigators, interest was
rising on this side of the ocean, In a éing;e.axﬁérim@at‘to
determine the value of cooked cabbage as a source of vitemins
A and B8, Eﬁﬁy, Shalaw,_yaasa, Richer, and Watkins (9) report
that rats fed & dlet in which 15% of the otherwise
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basal dlet was supplied by pressure cooked cabbage in one cese
and open ket%la a&%b& g6 ia the ethar grew as wail as tﬁasa on
dlets adequate in all respects. In the minds of theaa ine
#eatiga%&ra>uﬁaﬂw&&ai%@uaﬁyaaraﬁ-ﬁa n@ﬁfirm.aama saxliur'vi@ws
in that the gooking §r@eesﬁ hiazd li»tl@ if auy éastrua%iva |
effect upon t&@ yitaning A and B ia ambb&ga‘

Eﬁtima%i@a of vitamin B by bthe Phycomyces metbod {31)
showed that when rﬁW‘yatﬂta was steased three tiﬁea; aud the
liguid portion dliscarded, the loss ﬁf the vi&&&ia was very
high. This was comparable with the losses incurred when the
potato was sterillized at pH 9.0. The grester part of the
vitanin B] was washed out from the potato during steaming.

3. Bffect of Common Storage.

 With the shipping, storage, freesziag aﬁé.markntiag of
sommereial fruit and vegetable erops, considerable delay
usually cecurs between the time the vegetable is harvested
and when 1t is prepared for the table. It is even possible
that long periods of time may elapse b@%ﬁﬁﬁa harvesting and
preparation for the table of products from the home garden.
Vitamian losses do occur in these storage periods, the exteant
depending upon the conditioans of storage &ﬂﬁ‘tha yitamin
under oconsideration. Although wmore aﬁaﬁie@ have been carried
out particularly with respect to ascorbic acidé, a number of
axperinental stations hﬁﬁe,ﬁaalt speeifically with storage

losses of thianin.

Baploying the rat growth method of wvitamin detersminastion,
Langley, Richardson and Andes (28) estinated the vitamin |
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content of carrots as they were secured in the fall. After
the carrots had been stored for four months in boxes of sand
in two different storage cellars, they were again tas%ed;
wheil raw éﬂ& gooked, to find whether storage had affected the
vitamins ia the carrots. There appeared to be no decrease ia
the potency of vitamin By ia.rawiearrata after storage in
elther ocool or warm cellars. After cooking, either in the
fall ér after storage, there aaa&@é‘ta be ﬁ‘rather valform

‘but slight decrease in the potency of the vitamin,

Of elgbt vegetables grown in the region of Geneva, N.Y.
pe&s and asparagus were found by Moyer and Tressler (33) to
have thiamin conteats sufficient to make a siganificaht con-
tribution to the daily dilet, When one lot of Thomas Laxton
peas were greeeﬁsaa,é delay of 16 hours occurred between

the time of harvesting in the field and vining, during which
time vines were spread out in a thia layer over the floor.
There waé a sesoad deiay of over thres hours between the
time of shelling and washing. There was no loss of thiamln

noted in spite of these ﬁ@lays;'

After storage for twenty-four hours at room tempersture
the losses of thiaamin from asparagus and spioach as reported
by Gleim, Tressler aad Fenton (18) were negligible. Further
storage for one week at 0% to 4.4% C. caused a loss of 18%

ghiamin in the asparagus and 15% in the spinach.

4. BEiffect of Canning.
Little laformation is availahle on the effects of
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e@mmarsial.aénning operations on the retention of thiamin
in vegetables. Dabta, although sﬁill inadequate &rewgam@«4
what more complete aa&a&raiag tﬁ&‘@ffaet ¢f home canning on
the thiamin raﬁenﬁimﬁ in veg&tabias. However, as the methods
of treatme&t 1a %@tﬁ commercial and home canning vary B8O
aistiaetly, oaly whsﬁ the nature and &rsa%maa% of the raw
yr@duaﬁ& and canning methods amﬁl@yaﬁ are parallel, can they
be correlated, Information is also lacking on the changes
in nu%xiﬁive value which are likely vo occur from the time
the produet is processed aﬂﬁilvi% is congumed, Time and
teaperature of storage are factors which may cause aigﬁifim,
gant changes in the nubtritive value of canced foods. This
is true partionlsrly with referance to changes in vitamin

gontent,

Richardson and Mayfield 1n 1982 (39) studied the. vitamins
By and B (complex) content of the Netted Genm variety of
potato and the Chantenay carrot. . The carrots were su%j@eieﬁ
te home canning by the hot pack method in both the oven and
the stean pressure éaa&&rg ﬁe loss was noted when carrots
wers saﬁnaﬁ‘in tha'@van, wﬁezaég‘ﬁhar$‘waa a slight loss
due o the pressure cooker process, Oxldation of the vitamin
after 1t had been made more available by the caaalng process
was considered the answer to the loss of vitamin in the

canned carrots after they were again tested in the spring.

Fellers, Esselen, and Fltzgersld (12) studied the
‘ efiect of ¢anmning on the retentlioa of thiamin In vegetables.



Using the b&aa&éay method the effects of the entire canning
operation were determined on four vegetables with the fol-
lowlng results: asparagus 72%, peas 60%, lima beans 28%,

and spinach 71%, 4As part of & atuéy of the iafluaaae of
yx@aeaaiﬁ$ on the vitamin content of green snap beans, Farrell
and Pellers (11) determined the thiemin content of the weans
while fresh and raw, after canning, and after st@rége of the

- eanned products for 12 months ab 533,?, in.a éark room. A
17% loes resulted in canning at the normal pH of 5.8 and
storage for twelve moaths resulted in a 45% 1&95; Thirty &ayﬁ
after canaing vitamin éat@rmiaaﬁi@ns were made sayar&taly on
the 3&1&& and liguid aeﬁtaata of the jar& with the result

that B0% of the thianin and riboflavin in the canned beans

ﬁag f@aﬁé in the ligquld garéian. This partioularly stresses
the point that in most cases the liguld portion of caaned
vegetables should be ubllized in order to obtain the full

autritive value of the fond,

Fineke (13) cbserved s enaral trend towards lowey
thiamin conbents of peas sa&i&a& for 1aﬂgar times and at
bigher temperatures. No significent difference was noted
between peas blanched in stesm or in h@t water at the sama 

temperature for the same leagth of tilme,

Burveys conducted by Clifcorn and Heberleln (7) indlocate
that blanehing und processing are of greatest concern in the

- préservation of thlamin,

In 1924 about nineteen mlllion cases (24 No. 2 cuns
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sach) of peas were canned in the United States, With so
large a production and consumption of a single food stuff
Bddy, Kohman, and Carlsson (8) felt that a oomprehensive
study of the vitaming in this product was necessary. Whereas
no loss in the B value resulted in home cooking or in pro-
cessing, the duration and method of blanch appsared to be an
important item, It was recommended that this process be
reduced as much a8 possible to conserve the full value 0f'
this factor.

. Guerrant, Vavieh, and Dutcher (18) emphasize the neces~
sity of storing éan&aa f@aaé anéer the most favorable conditions
in order to retaln maximus vitamin content, It was found that
although thiamin retention proved to be least affected by time
of storage it was nost aavaraxy influenced by the %amparatura
~of storage. AL the end of a 365eday period at 30° F, all
 three foods studied réﬁaigaﬁ aséeatially 100% of their original
thiamin content. When stored at 110° for one year these three
products, tomato juiaa; lima beans, and yellow corn lost 69,

50, and 70% respectively, of the original thiamin content.

Vitamin Bl in sixteen samples of commercially canned
tomato julce was estimated by the growth of rats recelviag
a diet deficient in vitamin By by Poe in 1948 (37). The
results are expressed in Shermsn unlits as the amount of
aaﬁiviﬁy needed to promote 3% gm, weight increase weekly.
The average was 33.@f such units per 100 ml. aand the range

was 20.0 to 27,0 units per 100 ml.
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Filtration of the Jjuice did not alter its vitamin B3

gontent.

A nutrition program sponsored jolatly by the Netional
Canners Assoclation and the Can Manufacturers Institute and
orgenized in carly 19428 (6, 22) enabled a study to b@'earxis&
on by selected universities. Thie study included data
covering a more extensive fleld théa anything published up
to this time on the thiammin and niamia(eaaﬁaﬂt of aanﬂéé
“faaaﬁ‘ The exﬁent of the range in thiamin aeatant‘waa found
to v&r3 sma$iéaxabxy from product to product; the highest
values ia tﬁ@-caésa of apricots, green beans, white cora,
,y@aa,'aéigaeh, togato julce and temataés beiang four tlmes
thaAiew$at values. .Can size, time of harvest or pH of the
‘praﬁuatﬁ had little influence aﬁ the thiamin or nlacin
aaatéu%‘ 0f the sa&plag analyzed the values fouvad ranged
from 0.008 mg.% in csaned beets to 0,119 mg,% in canned

peag.
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Belection of Vegetal

The vegetables used in this problem were all obtained either
in the ciﬁy~@£, or from the surrovadiang districts of Winnipeg, |
%ani%eba, Canada. The maéority of the samples were grown in the
University of ianitoba Experimental gardens and are marked as
'ha?ing come from the Fort Garry distriet. All vegetables used
in the canning, storage and cooking experiments came fxgm these
gardens, Care was taken to select rayresaa&aﬁiva'samplaa of

fresh, gzood-looking producta,.

3£ it so heppened that the product had to be purchased from
the open merket, the véga&ab&a,wag wrapped in wax paper, stored
in the refrigerator over nlght as 1t came from the market, and
analyzed the fmllawin@'éay. Such seamples are distinguished by

the term "market®,

In order to study the varistions in thiamin content of
vegetables from districts cutside of Winnipeg, samples 0f five
vegetables from seven districts were chosen., The vegetables
studled were beans, peas, ﬁaﬁ&ta&a, carrots and beets. The
districts chosen wér@ Springfield, ﬁi&&leahurah; Domain, Narel,
Fort Rmaga,‘ﬁﬁyt Garry aand 5t. J&mas< (8ee Figure 1) Trips
were made to these outlying locations the nlght before analyses
were to be made and the vegetable treated similarly to those

purchased on the open market.

The vegetables were scrubbed and dried on paper towels in
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order to remove any excess liquid, The whole large sample was
prepared a@carﬁiﬂg'%e‘k&usaﬁﬁlﬁ-usage, chopped, mixed, chopped,
mixed again and a sample teken for analysis. In the case of
storage vegetables the fraﬁp sample was taken whea the vegetable
was stored. If both a@mkiag and cannlag experiments were to be
conducted the $&m§le wag dlvided into three parts ascording to
the welght of the sample taken; one part was set aside for fresh
analysls, the second was cooked and the third lot prepared for

canning. &lluaamplaa were welghed to the nearest 0.1 gram.

In order to have a b@@aﬁ.piature of the effects of the
various gsteps in home eaaniﬂg operations on the thiswlia content
of vegetables 1t would be desirable to carry sucsh a procedure
through many times, This was impossible because of the large
émaant of time ilavolved., It was also necessary to limit‘the‘
nunber of producis studled. The effect of sanniang on the
thisnin content of twelve different vegetables was determined.
"~ 0n the same day that gamples for fresh analysis were taken,
four to five jars easch of aégarag&s, green peas, Bwiss chard,
beets, carrois, beans, éora, tomatoes, tomato Jjulee, pumpkin,
squash and kale were canned and set aside in a dark, olean, |

welleventilated room for futurs reference.

Vegetables were canned aeawfaiag to the standard methods
of eanning for general household usage as outlined by the New
York State College of Home Heonomies at Coranell University,
Ithaea, New York (56). In this bulletin it was sugzested that
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less liguid would be lost during processing if the jars were

a&%giataiy*aa&l&ﬁ beforehand, Accordingly, the canning process
was ¢arried out by filling the jars wi#a boiling bot liquld
and sealling at onsce. Although war-time rubbers were used the
only trouble encountered was during the canalng of kale. A
first lot of six jers was coumpletely lost due to bursting of
the rubbers. However, of six Jjars in s éeéané 1ot only one
was lost. The high percentage of loss in the first case could
be atbributed either to too al@$§.p&ekiﬂg of the,vag&taﬁla

or o a poor box of rubbers.

The ﬁaigﬁt of each jax'yxiar t0 opening was recorded. The
solids of asparagus, bests, bveans, sorn, carrois, kale, @aaﬁ,
 and Swiss chard were separated frém.thﬁ'iiq&iﬁs o8 a soreen.
The solids were welghed and the liquid weight determined. In
éll cases the whaia &m$ﬁn£,9f solids was mixed as well as pos-
sible without macerating the materials. Two 50 fo 100 gm.
aa&piaa were removed from the mixbture and separately blended
in the Waring Blendor with measured amounts of 0.1¥ sulphuric

- meld ia preparation for the extraction of thiaain.

In the cases of pumpkin, squash and @a&aﬁﬂ@s, it was
impossible to separste the solld from the liguid. Therefore,
samples were welghed direetly from the hompgeneous material

and mized directly with the sulphuric acid.

Pomate julee was not homogenized in the Waring Blendor,

but the contents of the individual jars were simply stirred,
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the desired aliquot was then removed and sufficlent o,1N
sulphuris acid added. | |

At the same time that samples for fresh anslysis were
taken, between forty to sixty pounds of beets, carrots, parse
aips, turaips, potatoes, and aﬁiaa@, and six fruits of aabﬁaga,
pumpkin and squash were stored under agprayriate storage
conditions. The storage houses used were those of the
Plant Seience Division of the University of Manitoba. After
approximately four monthe all vegetables appearsd to be in
excellent condition, and were asnelyzed for thismin ean%@ﬁt.
~In the cases of beels, oabbags, pumpkin aad squash there were
definite signe of elther sprouting, spoilage or a tendsacey to
besome fibrous by the end of March and accordiasgly a third

‘analysis was not made. ‘Detalls of storage dates and conditions

are included in Table 1l.

4 comprehensive study was made of the effect af'aaeking'
on vagaﬁa%laé when fresh and stored, and after various periocds
during storage. The anounts af‘vagéﬂa%la and water used for
cookins was judged in order to provide from two to four
average sized servings. Raw and cooked foods as well as the

liquld drained from the cooked products were assayed.

The total ocoking periods were determined by removing

small portions of the vegetable from the pan at intervals, aad



TABLE 11,

B ™

CONDITIONS UNDER WHICH VEGETABLES WERE STORED

: Date
, Amount Stored Storage
Vaggtable Variety Stored 1944 Conditions
Boets Detroit Dark 50 l1bs.  Oot, 10 Cool and moist
- Red, Cu.EF. ’ (packed ia peat)
. 8train .
Carrots Chantenay 50 lbs. 0cte. 12 Cool and moist
’ . o (packed in peat)
Parsnips Hollow Crown 40 ibe, Oct, 7  Cool and moist
Turnips Purple Top 50 lbs, 'Augq'aa Cool and molst
Swede
Potatoes Warba 50 1bs.  Aug. 30 Qool aad moist
Irish Cobbler 50 1vs.  Septe 7 Cool and moist
Cabbage Danish Ballhead 6 heads Oct, 21 Cool and moist
Oonions Yellow Globe 60 lbss  Sept. 285 Cool and dry
Danvers Strain : _ :
| #11 ' |
Pumpkin  Sugar 6 fruits Aug. 28 Warm and dry
8quash ‘Green Hubbard 6 fruits Auge 28

Warm and diy
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tested by cutting with a fork and testing., Oooklng studles

for all vegetables were carried out in the sase small enamel
pen and on the same eleotric stove, Immediately after @making,
the gooking water from each vegetable was drained off, end the
welght recorded, 4s gqulokly &8 possible representatlve samples
of the rew and cooked foods and of the liquld were waigh@ég
These samples were trsnsferred to the jar of a Waring Blendor
aantaiﬁingjlﬁa ge., of 0.1 BpBOy, Care was teken to remove
all asdhering vegetable yax%ialés from the inside of Jjars in
which the vegetable sample was w@ighaﬁ.

Moisture Determinations,

Duplicate two-gram porticns of raw, cooked, canned and
stored vegetables were welghed out imme&i&%sly after sanpling
for moisture determinmtions. @ﬂéga portions were placed in
welghed molsture pans and the pans plus the samples weighed
aeeuraﬁely to the g@ataaﬁ‘gﬁﬁl gram. The moisture pans oonw
taining the samples were then ﬁlaﬁaé in a vacuum oven at
100°C, and twenty~five inehes vacuum for twelve hours, after
which time they were removed from the ﬂvan; aaal@é, and

waelghed sgain,.

. HETEOD

Betwessn 85 snd 75 gram samples of the foods were weighed
out for extraction with 01N Hg80, and subsequent analysis.
Thiemin was determined by @hé thioohrome method of Hennessy
and Cerecedo (21) with slight modifications, The details of
the method were: Duplicate Bamples of the prepared vegetable



were mized with 150 ce. of 0,1N sulfurie acid solution in the
Waring Blendop. This required five minutes. It was made up
?avﬁﬁﬂ~ﬁ@? with more of tﬁs,aﬂiébﬁalutiaa and was heated for
‘pne hour st 709. ia s volumetric flask. 1.2 grams takediastase
in 20 co. of 2.5 m&l&f-sﬁéiﬁmlaaataﬁa solution were added and
the mixture heated for oune hour at 50°C aad twelve hours at
37°C. It was filtered and the fil%#ata made up to 500 ce. in

a volumetric fiask. An appropriate aliquet containing 0,5 to

§ micrograms of Vitamin B} as ihlamla chioride was heated and
'all@waﬂwﬁa»aaeg through a 5 om. column of astivated 60 to 80

mesh Decalso in & base ex¢n$;gé sube {Pgure 11}; The barrel |

of the exchange tubes used was 0.7 x 10 em. The reservolir
which is at the upper end of the barrel hed a 25 cc. capasity.
@h@ liqaié was paaaaﬁ through the column & saaaaﬁ time aiter
whiaﬁ the vitamin was eluted from the E%a&isa &y use of 25 co.

of a hot 25 pﬁr@&ﬁ% golution of ﬁataﬁaiam-eﬁl@ri&@*

Yor the oxidation pr&ééaﬁ 10 ¢o. of the KC1 solution were
put iua each of two &ﬁ@ara%axy gentrifuge tubes. To the firs%, |
4, 5 ce. of & mixe@ raagaﬁt {made by Glluting 1 cc. of 3%
p&taa&ium.farriagaﬁiﬁe sﬁlutiaﬁ to 100 ec. with 153 sodium
ﬁyﬁr&xiéa solution) were added quiockly with mixing; to the
second, B, 5 e¢¢. of 15% HaOH were added in the same manner.

16 oc,. of redistilled isobitanol were added to each. The
stoppers were iaaaz@aﬁ.aaé the tubes shaken vigorously for
1 minutes. The tubes were centrifuged at 500-600 r.p.m. “
for 3 minute, the stoppers removed and the lower layer

drained off. Approximately two grams of anhydrous NazSOg were
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added to each, both vigﬁrﬂﬂsly‘shakam for twenty seconds and

allowed to stand in order to ensure complete clarity.

 ?§@ isahntéﬁgl layer was poured off into a cuvette. This |
was placed in a Coleman Electronic Photofluorometer, model 12,
(Eiguré.li) and the rl&eraaaaﬁae measured. The i&ﬁﬁfﬂ&@ﬂt was
- checked before each measurement with a standard quinine solution
-\anﬁ the light iﬂ%ﬁnﬁity'a&jagtaé to the degired value by
| changing the setting of the iris diaphrazm. A corresponding
oxldation of a standard solution (1 ec. =1 ug.) of thiamin
chloride was rua daily f&fvaanh,a@riaa of ﬁat&r&in&ﬁia&a. The
stendard solution of thiamin chloride used in all tests was |
mede up ia thiﬁ laboratory from a stock standard solution. It
was checked againsi s standard provided by ¥r. A. W. Aleock,
Chief Chemist of the Purity Wills Co. Ltd., and was found
to agree satisfactorily.

The analytical error commonly aceepted for the thiochrome
method is ¥ § - 10 percent. Most of the duplicate thismin
analyses checked within f o ?araaﬂt of oae ancther. The
r&a&lﬁsvaf all ﬁataf&ia&tiaﬁs are reporied as micrograms of
thiamin per 100 gas,., of materisl and have been aéla&lataﬂ to
two places of decimals.

The results of the &ﬂa&ysis‘far samples of raw vegetables
for moisture and thiamin are presented in Tablie 111l. It will

' pe nobted that the data in the table include number of samples



Vegetable

Asparagus
Beans
Beets
Brussel

Sprouts

Cabbage
Carrotas

Cauliflower

Gorn
Guecumber
Eale
Lettuce

oajons

Parsley
Parsnips
Peas

Peppers,
Green

Pumpkia

Potatoes

Radish
Sgquash

Swiss Chard

Tomato

Tomato
Julice

Taralp

% « Bought on the open market.

- 3B -

Ho. of &aiﬁtura~?hiamin,/ngs/l@ﬁ Zns,

Variety samples % ldeun Rang ,
¥ary Washiasgton 2 91.88 . 63.8l £3.49 -~ 584,12
%é&rk@t ® 2 g P % 3@#&4 % * 13-. - 3l ng
Bound Pod Eid- » A : ) .

' ney Wax 4 90.39 . D5.42 49,39 - 6l.48
Market % 1z 80.59 . 61l.81 10.50 - ’??‘a.%
Detroit Dark Red 7 B5.53 . 14.38 . B.98 -, 28,94
Harket % 1z 87.38 16,69 5,86 - 31.41
Harket % 1 81.80 87.53 :

Panish Ball Head & $2.01 J32.82 B0.48 -~ B7.44
E@é Gera&

ﬁarkﬁt K 9 8v.69 35.86 23.88 - 47.18
Harket % A 81.1% B7.45 77.80 -« 87,10
Golden Bantum 2 73.43 109.60 109.0 ~ 110.2
Straight 8 2 96.54 22.30 281.89 - 22.72
Harket & 2 82,18 49.50 48,88 -~ 50.19
Grand Raplds 2 95,97 30,064 29,95 - 30.09
"New York #12 4 85,68 16,09 16,73 -« 18.%1
-Yellow Globe

Danvers & 87.58 18,58 B.38 - 28,80
Harket % . 8 56.04 68,81 56.85 - 60,98
Hellow Crown 6 81l.26 FE.84 57,87 -~ 82.90
lLaxton ?regrasg 2 73.51 96,50 91.00 - 102.00
Hamasteaﬁsr 2 77.79 186,086 183,28 - 188,7
Harket % 1o T7.28 2ll.4l 175.6 - B79.5
Kiang of the '

Horth 2 81.57 7.5 36.20 ~ IBLHO
Small Suger 4 $2.48 3l.44 16,12 -~ 44.864
Irish Cobbler 6 76.41 P0.32 Bl.89 - l0L.82
Warba 54 76.55 88,57 76,59 - 97.31
Harket & 10 8l.86 G848 51.83 ~ 80.05
Secarlet Globe 2 94.21 6.4 6.40 -~ 7,08
Golden Hubbard 4 88.78 12 .81 5.92 « 17.78
M;ﬁ@‘k ﬂ\ 3 %%.ﬁ@ ‘&2039 5@:63 - ‘&? a@i)
Warket & 2 ‘21l.68 B0.84 - 23,51
Purple Top Swede 6 20,62 45.24 22.13 - 68,32
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and the minimunm, maximum, and average quentities of the vitamin
in question. Arithmetic averagesbbagea on numbers of samples
were Qsaé threughaut.‘ It has been felt best to list the

actual extreme values in all cases as in a few instances the
number @fvsam§l@s’was relatively small. As stated préviausly

all thlamin values are reported as mierograms per 100 grams,

The thiamin content éf,ave?age servings of Manitoba vege-
tables 1s shown in Table 1V. In all cases ﬁhe amounts for
average servings were ték&n from values by Bowes and Church
(3). The amount of thiamin in an avérage serving was cal~
culated on the raw basis. Further studies indicate that a
eorreetien would be necessary to determine the amount as cooked

and when canned.

The thiamin contents of the vegetables analyzed are of the
same order as those reported by other investigators. Freﬁ |
Table 111 it can be seen that the thiamin content of -all the
vegetables studied varied from 6.40 ugs. per 100 gramns, the
| lowest value for radish, to 279.5/ugs._yer 100 grams;,thé
highest value for peas, There‘also appears to be a wide
variation within varieties, Laxton Progress peas had a low
value of gl.Gq/pgﬁ. per 100 grams, whereas Homesteader peas
had a bigh value of 18@.9/pgs. per 100 grams., A wide
variation existed within a single variety. The highest value
" for pumpkin is almost three times the low value, and the

seme relationship would hold true for onions and beets.

The thiamin content of the potato ranges from 51 to 103
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TARLE

THIAMIN GﬁﬁTEKT OF &FERAGE‘SERVIﬂﬁﬁ oF

MANITOBA VEGETABLES

Thiamin in
Average Approximate Average
Vegetable Yariety Serving _ Measure Serving
£8s BEBe
Agparagus Mary Washingtaa 80 4 %o O &talk&,
S é“ long 31.90
Market % 80 " 15,58
Beans Round Pod
Kidney Wax 100 & aug 55.42
Market % 100 61,61
Beets Detroit Dark Red 100 £ to 5/8 oup,
' T o dieea : 14,38
‘ Market X 100 16.69
Brussels
Sprouts Market % 70 ¢ average 61,87
Cabbage Danish Ball Head 50 § - 2 oup 16.86
Carrots Red Cored
Chantenay 100 1 large 18,70
- Harket x 100 . " 35,86
Cauliflower IMarket % 70 4 r. thap. 6l.28
Corn Golden Bantam 100 1 ped. ear 109.60
Cucumber Straight 8 50 8 slices, peeled 11.15
Kale Market % 100 § eup 49,50
Lettuce Grand Rapids 10 1l lg. lea?f - . 3.,00
New York #12 - 10 " " 1.81
Onions Yellow Globe ,
- Danvers - 100 2 to & small 18,52
- Parsley Market % 10 10 av, sprigs 5,89
- Parsnips Bollow Crown 100 large 78,84
Peas Laxton Progress 100 gup, scant 96450
Lincoln 100 " n 174,92
~ Homesteader 100 " " 186.06
Harket % 100 " ” 211,41
Peppers, King of the
Green North 100 le mpty pod 87,55
Pumpkin Small Sugayp 100 § eup 3l.44
Potatoes Irish Cobbler 150 1 m dium large - 185,48
Warba : 180 132,85
Harket % 150 " " 108.73
Radish Searlet Globe 10 1, 1" in dlanm,. 0,67
Squash Golden Hubbard 100 & oup iz.81
Swiss Chard Lucullus 100 ¢ leaves and
- stalks 24.74
Tomato Market % 100 1 medium 42,80
Tomato Julce Narket X 100 # eup 21.68
Turnip Purple Top
Swede 100 & oup 45,84
% « Bought from open market,
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micrograms per hundred grams, which would mean from 4 to 8%
of the adult daily requirements in a 150 gm. serviang
{approximately the awéraga daily consumption) if 1t were not

for cooklag losses,

The tomato is one of the most important protective rfoods
vecause of its ascorbic acld content., However, on the basis
of the available figures, tomatoes in amounts consumed cannot

be cousidered as an important source of thiamin,

On the average it would appear that the soil vegetables |
contain a smaller amount of thiaemin than those which grow
above the ground. The thiamin content of the green vegataﬁles
guch as peas and beens is partiealarly'high. Some vegetables
guch as asparagus, beans and peas have réla%ively high vitamin
By coateant, but this is in contrast to that of root vegetables
such as beets, onlons and turnlips. Potatoes are the exception
in this case, Of the twenty-two samples analyzed all possessed
a'ﬁigh thiamin content. |

The high ﬁaﬁex content and great bulk of leaves, roots,
and stems of plants prevent them from playing an outstanding
"role as sources of thiamin, ﬁeweVQr, the large asmounts of
vegetables consumed in the average American and Huropean diet
make these products of importance as dietary'seurees of
vitamin By, Dried leaves, roots and fruits, moreover, often

approach the value of whole seeds in thelr thiamin content.

The thiamin contents of five vegetables, beans, peas,

potatoes, carrots, and beets, obtained from seven distriots
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(see Figure 1) are included in Tab18‘qu The two values re-
ported for an individual vegetable represent assays run on
&uplicate samples teken from one large representetive sauple.
It is thereby possible to @et@imine any error that might be
present dus %o laboratory techalque.

 An exemination of the data revealed that the thiamin
values for the two semples of potatoes obtained from Spring=
fleld were aempl&tely out of line, as the difference between
the two exceeded all other ﬁiffereﬁeas for any énhar vege~
table. Due to the lateness of season and the inability to
 obtein another set of samples from this distriot it was felt
that new values should be estimated, The method of estimating
these values was that of Yates, as described by Goulden (17)t,
The process was ragaatgﬁ ssvéral times until the values of

60.48 snd 58,7&/ugag per 100 grams became coustant,

le.

The mathematical besis for estimating values for missing
plots is that by substituting another value the sum of the
squares of the deviations from the mean will be a minimum,
The following formula was used to estimate the missing values.

X = ??ég%*‘i’
;'g«.. (1&'

where p = number of vegetables,

g = aumber of districts.

P « total of all the districts for the
one vegetable in which the missing
value is found. . ;

G w total of all the vegetables in the
same district as the missing value.

T w  total of all plots,



TABLE V.

Springfield
¥iddlechurch
Domain
Harol

Fort Rouge
Fort Garry

8t. Janes

?ARXAEILI?Y I% Tﬁlﬁﬁlﬁ ﬁE%TEﬁT ﬁ? VEGETABLES COBTAINZD

62,12
65.08
74.54

72,68

35.85
59,68
64.54

61.72
55,59

66,998
V5.43

42,27
6l.48

63,25

24,39
47.18
45,52
56,93
89.20
38,40
B83.828

24,99
43,08
35.18
39,30
$6450
37,20
25,82

175,60
191,79
239,37
279,51
178,43
183,01
188,76

168,69
195,90
830,97

279.51

178,36
168,83
188,87

Potatoes

60.42 58.74
88,51 60.72
51,25 54,80
66,94 64,97
79.20 72,50
71,60 72,40
82,68 ©4.48

=48 -



The analysis of variance was applied to these data
(Table VI) and the F values were found to squal 105,12 and
1.57 for vegetables and districts respectively. Referring
to Snedecor's table (17) of ¥ values for the five geraéat :
and one percent poiats it 1$:ﬂﬁt@ﬁ thaﬁ’tpe ¥ value for
vaé&tab&ss*ex@gaég the five percent value of 2,78, This was
to0 be expéeted as the thiamin content for different vege~

tables was found to vary to a great exteat.

~ However, the experiment was designed to test whether
there was a significant variation in the thiamin content of
a single vegetable over various distriects in and surrounding
Winnipeg. The interastion variance was used in testing the
slgnificance of the districts aaﬁg#agetables. Tested against
error it ebviéasly represents a fairly laxge effect and is
taken as an indication of an interaction between the two
factors that are congerned, The variance fépraaeat&d,by error
18 determined from differences bstwaen the results for dup=-
1icate determinations and measures error arising merely from
samplin: and laboratory technique. Due to the estimation of
two miseing values for the set of results two degrees of

freedom had to be removed from the total,

TABLE VI, o o

ANALYSIS OF VARIANCE FOR THE THIAMIN

CONTENT OF VEG@TABLES OBTAINED FROM

DIFFERENT DISTRICTS IN MARITOBA

‘ — —— ﬁ%,,

Sources of Variation D.Fs Mean Square r Point
Vegetables 4 75650.,237 105,18 2,78
Districts 6 1127.066 1.57 2.51
Interaction 24 719,628

Error 33 13,726
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From the analysis of variance it would appa§r~that the

thiemin content of the vegetables does not vary significantly

over a large area. An F value of 1.57 does not reach the

five @arcanﬁ\paint. 3»%1. However, other experiments on the

thiamin content of vegetables over a wide area have led to

the bellef that the thiamin content does vary. Although not

significant in this experiment further work should be carried

out on these vegetables in order to é&tarminé whether a

significant variation does exist.

| The effect of the interaction of vegetables and districts
for thianin e@ﬁ%aat is 1llustreted in Figzure llli. Arranged in
ovrder of thiamin éeaaaﬁﬁratien, from high to low, the vege-
tables would be peas, potatoes, beans, carrots and beets, The
thiamin content of vegetables from the Fort Rouge distriet
would appesr t¢ be particulerly low, whereas those from Narol
would be considered relatively hi@h.

The thiemin reteation velues of the vegetables cooked
when fresh, stored and at various periods duriag storage are
given in Table VII. The analytical data and figures used in
making wup this table are to be found in Table XVIJ included
in the appendix. |

An examination of the data reveals that there was
relatively little loss of thilamin during the cooking of
fresh potatoes (va§iety, Irish Cobbler). However, later
studies indicated a loss of 38% during bthe cooking of the same
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TABLE VII.

THIAVNIN RETENTIOH DURING COOKING OF VEGETABLES
Distribution of Thiamin

Condition
of

Vegetable Vegetable

- Bests

Beans

Brussel
Sprouts

Cauli-
flower

Cabbage

Corn

Carrots

Fresh, raw
Fresh, cooked
Fresh, raw
Presh, cooked
Fresh, rew
Fresh, cooked
Fresh, raw

Fresh, cocked

Eresh, raw
FPresh, cooked

Fresh, raw
Fresh, cocked
Fresh, raw
Fresh, cooked
Storage 4 no.
raw

Storage 4 mo,

gcooked
Fresh, raw

Fresh, cooked

Fresh, rsw
Fresh, coocked
Storage 6 mo.

. Paw

Storage © mo,
cooked

Total BHetained

Total Dis-
Amount solved :
in in Destroyed

Cooking Cooklng During
Liguid 1Liquld Cooking

Bam- Welght Cook- Amount by
ple of ing in Cooked
No, Sample Time  Sample Sample
gms, mins, ngsse %
10 70.19
11 110 15 38,35 55
12 ~ 118.00
13 385 15 98.54 84
20 148.286
21 600 20 32.82 22
30 201,08
31 400 20 111.24 55
40 262,59
41 300 20 140,58 54
50 262,50
51 300 15 93.90 36
60 iz1.80
61 400 20 45,00 37
62 83,57
63 340 25 42,55 51
80 438,40
81 400 10 418,40 5
80 - 68.35
g1 500 15 35.05 51
95 124,55
86 500 20 111.80 20

pes. % 2

17.22 24 21

9.67 8 8
(1) (1)
86,79 43 2

55,76 21 25

42.62 16 48

44,13 36 27
36.76 44
19.15 4
30.41 44
45.55 37 -

w‘f%m,



THIAMIN RETENTION DURING COOKING OF VEGETABLES (coat'd.)

Condition
of

Yegetable ?&getabla

Carrots
{cont.)

Kgle

Onions

Parsnips

Storage 10 mo,
raw

Storage 10 mo.

cooked
Fresh, raw
Fresh, cooked
Storage 3 no,
raw -
Storage 3 mo.
cooked
Storage 8 mo,
raw
Storage 8 mo,.
cocked
Fresh, raw
Presh, cooked
Storage 5 mo.
raw
Storage 5 =0,
cooked
Storage 8 mo.
raw -
Storage 8 mo,.
cooked

Sam~ YWeight Cook~-

ple

97

98
101
102
123
124
125
126
130
151
132
133

134

135

of ing
3060 20
300 30
300 15
300 15
300 10
300 15
30 15

Bistfihutiea of Thiasin

Total Dis-
Total Retained Amount solved
Amount by in ia Destroyed

in Cooked Cooking Cooking During

Ho.  Sample Time  Sample Sample 1iquid Iliquid Cooking

; %ﬁ-i‘., ﬁ » %'s . ﬁ % p

61:53

41,31 67 = 27.26 44 -
148,538
108.30 93 38,30 26 1

84:.51 '

64,80 79 32.83 39 -

5;’? > 34 -

30.63 5% 17.8¢ 32 il
257.63 ‘ ,
148,77 63 8l1.73 34 3
173,61 |
106,71 62 47,38 27 11
245,10
191:81 78 47.98 19 -1



AMIN RETENTTON DURTNG GOOKING OF VEGETABLES (cont'd.)
Distribution of Thiamin

Total Dise~
: Total Retained Amount solved :
Condition Sam- Weight Cook- Amount by ia in  Destroyed
.of ple of ing in Cooked Cooklng Cooking During
Vegstable Vezetable Ho, Sample Time Sample Sample  Liguid Liquld Cocking
gos, mins.  pgs. % ez % 2
Pumpkin  Fresh, raw 15¢ 97.15 ~
' ‘ Fresh, cooked 151 500 15 83.35 85 14.71 15 14}
Storage 5 mo. : :
Taw 154 s 217 .30 ‘
Storage 5 mo. ' i ’ ”
cooked 155 500 20 74.30 34 38,02 17 49
Peas Fresh, raw . 170 612,77 ‘
Fresh, cooked 171 635 20 315.15 51 119.87 @ 1% 30
Potatoes  Fresh, raw 180 298,64 . '
Irish Fresh, cooked 181 300 15 255.41 79 77.80° 26 -
Cobbler Storage 4 mo, f : ’ R
raw ’ 182 258.30
Storage 4 mo. ’ ‘ .
cooked T 188 300 19 160,95 62 37.81 18 23
Storage 6 mo, ) : ‘
raw 184 257.%1
Storage 6 mo. -
cooked ' 185 300 17 226 .38 £8 B7.97 11 1
Potatoes  Fresh, raw 190 233.46
Warba Fresh, cooked 191 300 15 121.59 52 31.57 13 35
' Storage 3 m0O. : ’ .
raw ) 193 273.48
Storage S mo. ' ’ _
cooked ) is4¢ 300 20 136.23 50 29.90 11 39
Storage 6 mo, « ‘ ’ '
raw 185 290,13
Storage 6 @O. S
cooked 196 00 20 242,67 &4 - 24.59 g &

'.. gﬁ»



| Yegetable
Squash
Swiss

Chard
Turnips

THIAKIN RETENTION DURING COOKING OF VEGETABLES (cont'd)

Congdition
of

Vegetable

Fresh, raw
¥resh, cooked
Storage 5 mo.
raw

Storage 5 mo.

e oked
Fresh, raw
Fresh, cooked
fresh, raw
Fresh, cooked
Storage 4 mo.
raw
Storage 4 mo,
eooked
Storage 6 ao,
raw
Storage 6 mo,
cocked

Distribution of Thiaminm

Total Dise
Total Retalned Amount solved
San- Weight Cook-~ Amount vy in in Destroyed
ple of iag in Cooked Cooking Cooking During

No, Sample Time Sample Sample Liquid Liguid Cooking

gns. glss.  pge. % mes. % 2

210 ~ 70,32 |
211 400 10 49,72 71 13.01 i 1

214 24.15 i
215 300 10 25.50 105 1.16 5 -

220 99.00 |

221 400 10 70.40 70 37.65 38 -

240 201.72

241 300 15 81.84 40 41,43 20 40

242 68,19 |

243 200 15 60,75 89 (2) (2)

244 137,31

245 300 20 51,15 37 31.93 23 40

(1) Cooking water not analyzed.
(2) Result discarded,

aﬁﬁ‘ﬁﬂ
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variety of potatoss after only four m@nthg of storage, Of -
this, 23% had been destroyed while 15% had been dissolved
in the cooking liquid., Such findings are comparable to
those of Aughey and Daniel (1) who reported a 33% loss of
thiemlin 1n boiled pared potato,

The greatest loss of thiamin was encountered during
the cooking of pumpkin after storage for four moanths., The
loss amounied to 66%, 17% being retained in the cooking
liquid, This is to be a@mtraﬁtaé'tm the sooking of pumpkin
immediately after harvesting when 15% of the vitamin was
found in the cooking liquid with no loss as a result of the

cooking procedure,

Golden Bantaw Corn lost the least amount of thiamin
as the result of cooking. Only 1% was destroyed by cooking
and 4% was dissolved in the cooking liquid.

An average loss of thiamin of 43% was observed for the
cooking of carrots. Aughey and Danlel (1) found no loss of
thiamin in carrots prepared either by the boiling or pressure

cooker methods,

Taking all the cooking tests into conslderation
an average of 37% of thiamin was destroyed during the
ocooking préeaéure; Of this 37%, 23% was dissolved in
the cooking liquid. 8&éb a'faet emphagizes the ime
‘portance of saving all ocooking liquids and using them in
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such products as gravies, sauces, soups, eto..

In a few of the cooking tests there appeared to be a
1ittle over 100% reteation. This apparent gain in thiamin
content may be attributed te'éﬁa pang three factors that nmay

have caused the ﬁisér&gﬁney in the canning tests.

Of the nine vegetables stored, it was:anly possible to |
do cooking tests for the three periods of storage on five,
i.e, ocarrots, parsnips, potatoes (varieties, Xriah,awbbleé
and Warba) and turnips. It was impossible %o do a third |
series of tests on the other storage vegetables as by March
they were either spoiled, musty or fibrous, Table VIII shows
the results of these cooking tests Tor the five vegetables
iisted ambove., The eifects of cooking on the thiamin content
IARLE TILL: - ¥OT OF COOKING ON THE TEIAMIN CONTENT

OF VEGETABLES WHEN PRESHE AND AFTER STOR~
AGE FOR APPROXIMATELY FOUR AND SEVEN

MORTHS
(100 gms,

Fresh Bl & 7 Monthsg ﬁtaragé
Vegetable Raw Cooked Raw _ Cooked  Rew _  Cooked
Carrots 13,67 7.01 24.81 82,36 20,51 13.77
Parsnips T9.81 49,09 8S7.6Y 35,57 B8l.70 63.77

Potato,
Irish Cobbler 98,88 78.47 86.10 53,65 86,97 75,46
Potato, Warba 77.82 40.58 91.16 45,41  96.61 80,89

Turaip 67.24 87,288 23,73 204288 45,77 17.05
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of the other four when freshly harvested and after storage are
inelg&aﬁ in Table VII. ?ha,primaxy objeoct of the experiment
was to study the differences in thiamin content due to the
cooking treatment (methods of treatment: raw, cooked) and the
differential resgansas due to this same txe&tmant. Due to the
method in whieh the thiamin values are r@p&rk@ﬁ, there 18 no
real measure of the error in the techoique, but it was felt
that the trﬁpla“iaﬁemasﬁtmn would be the most logical error
%o use in testing the signiflcance of the variance due to

seaking.~'?he problem is not to study the interaction ¢f the
mgth@&s éf treatment with the vegetables, but tc determine the
significance of thﬁ.mﬁﬁhﬁﬂ$ of treatment at the variocus storage
times. %ﬂaﬁaf@r&, a measure of significance must be based on
the usual experimental error of technique. The triple inters-
action represents an effect that is the least likely to be
&;gaifieaaﬁ and wili probably be egual to or graaﬁar‘thﬁu the

error &ua to @ifferences between duplicate analyses,

ANALYSIS OF VARIANCE FOR THE EFFECT OF COOKING
ON THE THIAMIN CONTENT OF STORAGE VEGETABLES,

5%
Mean Squ F__ Point

4838,550 54,48 5,84
382,847 4,98  4.46
259 4 480 BeB4  Bedd

3391.881 48.60 @ 5.338
784570 094 4,46

150,308 1,93 .84
77.802

Sources of Veriation I 1Y £ %

‘Vegetables (le5)
fitorage Times (XYZ)
Interaction {1~5 x ZIXZ)

lyethods of Treatment (RC)
Interaction {RC x XY2)
Interaction %lwﬁ x RG)
Interaction {1-5 x RC x X¥YZ)

Ehw - Do

1 gfrect of cooking; raw and cooked.,



) An analysis of variance ag spplied t¢ the data in Table
VIII is susmarized in Table IX. The ¥ velues with their five
9@§aenn points are given in the aaﬁlyais. The vegetable and
‘aﬁ&ragé time differences are significant in comparisca with
the experimental arf@r but the intermction between them is

barely significant.

ﬂawavar,_w& are mainly interested here in the methods of
treatment (effect of cooking) and 1ts intersetion with the
otheyr factors, Por this reason the analysis of veriance has
been separated lato two aaéti@as.» The methods of treatment
are very significant and this is explained by the fact that
th@ values for the cooked samples are lower than the raw in
every instance. This would indicate that euoking has a véég
definite effeot on the thiaumin content of v@&@%&blaa. That
p&rﬁ of this loss is found in the cooklag liquid haes been
denounstrated. The intersction of methods of treatment with
storage time ia»mat slgnificant, indleating theat the effect of
cockiag is ﬁhé same whether the vegetables are freshly harvested
or stored for a period of alaost & year. The interaction of
vegetables wi%h methods of treatment is not siguificant, and
we can conclude that the effect of acoking is the saue for all

the vegetables concerned.

It is of interest to note that although storage time is
slgnificant; the lateraction of vegetables with étsr&ga time
is barely aigaifieaﬂt. Glencing at Pigure IV, and at the totals

for sethods of treatment, 1t would appesr that there is & tread
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for the thiamin content to fall during the first four months
of storage and to rise during the next six or seven ﬁan%hs of
storage, Splitting up the aégraeaiaf Preedom for storage and
interaction (1«5 x XV¥Z) into linear and quadratic efiects we
obtaln the results in Table X,

TAREL PARTIAL ANALYSTS OF VARIANCE FOR

THE EFFECT OF COOKING ON THE THIAMIN
CONTENT OF STORAGE VEGETABLES

Bources of Varistion . _  D.¥, Wean SBquare ¥ Point

Vegetables (1-5) >, 4 4258,559 54,48 3.84
Gtorage Times (XYZ)

a, Linear effect 1 87,780 1.13 5432

be Quadratic effest 1 677,914 8471 5,88
Interaction (1~5 x XYZ) . ' :

a. Linear x Vegs. 4 805,039 .92 D84

bs Quadratic x Vegs, 4 818,921 2.75 3.84

ALl effect are Lested Bgainst Cho OFroF @B given in Table Ik

That there 1s no linear trend indicated by any of the
vegetables studied in this instgﬁae; is obvious from the F
value of 1,13, However, by breaking up the lnteraction effect
{1-5 with XYZ) which almost reashes the 5 percent point, into
two parts of four degraéa of freedom each, it is posslible ﬁa

measure the inconsistency (or vice versa) of linear and
| quadratic effeots. The analysis indicates a significant F
value (3,928) for tﬁé interaction of linear érreéa aﬁd vege-
tavles, It is awaéluéad that alﬁhaagh there is aa%(a si@aifi~l
cant linear trend in the data for the vegetables included here.
it would not necessarily hold true for all vegetables at all
times,
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The reaction of thiamin to heat has been the subject
of inquiry almost since.the biologlcal discovery of thlamin,
We know that ¢ertain chemicals such as sulfites, nitrites;
and acetates can split the thiamin molecule into fragments
and that high acidity tends to protect against such dise
integration. According to Williams (45) the effect of heat
on thiamin is serious only in neutral or in alkaline solutions
and probably merely aggravates the splitting tendeney, He
states that sterilization of solutions of pure thiamin
chloride at 120°C for thirty minutes or more has little effect
on the stability of the vitamin and that this stability is
probably due té,tha acidity of the salt which gives solutions
of approximately pH 3.5.

On the other hand, Elvehjem has shown that in cooking of
meats there aia relatively large losses of vitamin By and
Aughey and Daniel (1) report thet thiamin destruction amounted
to as much as 28% in some vegetables bolled in water, It is
evident that_g@u@rélizations as to'tha effect of heat on
vitamin By potency are impossible. The effects of cooking
operations on particular foodstuffs awaits actual assay

determinations such as those cited above,

That oxldation can coavert thiamin to the physiologically
inactive thioochrome has been noted, To what extent this |
occurs in cooking operations is almeost, if not totally,

unknown at present.



were carried on to determine the vitamin By coatent wheé both

As soon as the carrots were secured in the fall tests

raw and cooked.

After the vegetables had been stored for

approximately four and seven months in the storage cellars,
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as described in Teble 11, they were again tested, when raw
and cocked to find whether storage had affected the vitamin
By content of the products,

Table Xl'shaws the average results of duplicate samples
assayed for thiamin ﬂmnt@ﬂﬁ in the fall, wiater and early
spring after the vegetables had been kept under appropriate
storage conditions, Figure 1V gives a @:&@hi@&l presentation
of the vita&in By contents before and after storage. Upon
exanlining these data, it is noted that while there are

evidences of seasonal variation, there are also evidences of



TABLE XI.

THIAMIN CONTENT Q}‘? ﬁﬁ“"TABLES WHENH MSE

Vegetable Yariety
Beetis Bstrait Dark Red

Cabbage Panish Ball Head
Carrots Red Gsra&.ahgnteaay
Onions Yellow Globe Danvers

Parsnips Eblle# Crown

Pumpkin Small Sugar

Potato Irish ﬁgbblar
¥Warba
Squash Golden Hubbard

Turanip Parple~Tep Swede

% A fresh anslysis was 1ot ruas.

Saum-

ple

Ho,

24
60
90

123

130

Days ,
Between

Fresh .
And
First
Set of
Storage

Assays

128
i1zl
201

l42
147
121
107
148
120

%% Each value is the average of two samgles.

Days
Between
Fresh
And
Second
Set of
Storage

Assays

- 292

. 218

- 183
- 176

isz2

Thiamin
Content
Prior
to

Stergge

11.50 -

30.45
13.67
% -
79.21
19,43
98,88
77.82
17.58
67.24

Thiamin
Contend

- After

Approx.
Four
Yonths
10.12
54,58
24,91
28.17
57.67
43,46
86.10
91.16
8.05
22.73

Thiamia
Gontent
After
ADPDProx.
Seven
dicaths

Storage 3tarag&

l?t?ﬁ
81.70

£5.97
96.71

45.77

- gg -
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some general trénﬂs. This fact 1s further enlarged upon in
the section coverlng the effect of cooking on storage vege-
tables., Although there 18 a general trend for the vitamin
content to fall during the first few months of storage, there
appears to be no decrease in the potency of the vitamin By

in raw vegetables after storage for over eight months.

These results show agreement with the conelusion reached
by Langley, Rishardson, and Andes (28) that winter storage of
carrots for four months in either cool, damp or warm, dry

cellars, had no deteriorating effect on vitamin A, By and C.

4o AT

Results and Discusgsion of Caasaing

The retention of thiamin after blanching and processing
is summarized in Tables XII, XIII, and XIV. The values are
expressed as mierograms of the vitamin per 100 gr&ms-af the
solids, of the'liqaia portions of the Jar and of the entire
original contents of the Jar, Table XIII includes the over-
all retentions of thlamin in the products for thé eatire
canning operations. Outside of asparagus, tomatoes and kale
which were purchased on the open market, the varieties of the
products studled are as follows: Detrolt Dark Red beets,
Round Pod Kidney Wax beans, Golden Bantam corn, Red Cored
Chantenay carrots, Small Sugar pumpkin, Golden Hubbard squash,

Laxton Progress peas, and Lu@allua“&wiss chard.,.

The results in Table XIV are expressed as over-all
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retentions of thiamin frem the fresh to the canned products
after the various periods of storage. Laok of information

on the canning procedure made 1t impossible %o run retention

studies on pumpkin, squash, tomatoes and tam&te»juiea. ‘The

TABLE XIT.
THIAMIN CONTENT OF CAHNED FOODS

Thiamin, ugs,./100 g.

Fresh  Canned Days

, N Between
Water Blaneh Process - .Total Canning
' h Amount and

Product YVariety Mins, ©F, Mins, °F, Solids in Jar Analysis

| Pumpkin Snmall ;
Sugar i8 212 60 250 19.43 5,01 21,64 139
' 19,43 28,00 120,96 267

Squash Golden . | -
- Hubbard 12 212 60 2850 17,58 3,03 14.30 121
' 17.58 2,68 13.22 261

Tomatoes Market 4 212 35 212 4.268 29.64 137.53 120
, 4,88 14,94 68,78 267

Tomato Market 10 212 10 212 4.38 21,68 89.32 120
Juloce 4,28 15,64 66.78 267

thismin contents of these products, before and after canning,
and afﬁar various periods of storage are included ln Table XII.
The caloulations for avarnali thiamin retentions during canning
and after storage for ayproximat@ly three anda@ne months are
included in the appendix (Table XVIII)s The thiamin coantent of
the»cénnea solids, of the respective canning liquids and of the
entire contents of the jar after storage for approximately 0,

3, and 9 months is illustrated graphically in Figure V.

Thiamin reteantion values ranging from 13% to 6l% were



TABLE X111,

OVER-ALL RETENTION OF THIAMIN IN VEGETABLES
DURING PREPARA AN TY

; « Days
_ ' Between
Process ¥Fresh Canned . Canninz BRetene

, ‘ ' ‘ S ‘ Total and tion
Product Min, °r,  Min., OB, . Solids Liquid io Jar Assay = %
Asparsgus = 3§ 212 30 240 30.65 19.20 8,04 57.87 98 = 9B
Beets 17 212 30 240 24,71  2.88 3,45 18,87 109 19
Beans 3 218 30 240 46,80 11,65 14,42 63.63 111 BT
Corn 2 218 80 240 109.6 8,858 11.59 44,81 125 13
Carrots ] 218 30 240 13.67 7.44 8,06 39,44 104 109
Kale 3 212 80 250 49.51 13,34 3,98 80,77 111 40
Peas 3 218 45 240 96,50 23.78 27,70 100.18 104 29
Swiss Chard 3 212 60 850 24,75 - B5.17  7.36  18.85 98 g8



TABLE X1V,

Days loss Rafarré@
Between o - to First
| _ | Canning Over-all Anslysis
- . Tobal and - Reteatlon after Canning

Product Fresh Solids Liguid ia Jar Assay % —
Asparagus 30,65 | 19.89 B.04 57,87 = 98 88 w0
. B0.65 18,38 19.Y1 84,97 381 189 : ———
Beets 24,91 2.88  B.45 12,97 109 19 -
84,71 2.86  B.51 14.80 505 21 -
Beans 46,9  11.65 14,48 63,68 111 57 —
46,9  10.71 10,15 51,78 291 47 : 10
Cora 109.6 8,38  11.59 44,81 185 13 J—
109.6 = 9.93  7.63 42,41 271 13 0
Carrots 13,67  7.44  B.06 $9.44 104 108 N

13,67 4,12 4,84 22,15 308 61 ; 39 %

Kale 49,51  13.54  3.92 B0.7Y 111 40 —
49,51 B.86 2,83 13.49 250 18 22
Peas 96,50 23,78 27.70 100,18 104 29 o
96,50 23,84 51.89 102,26 307 30 -
Swiss Chard 24,75 3,17  7.36 16,85 98 28 ———

24,75 3.23 5.87 14,63 309 34 &
% Taken from 100%, o

- gG -
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found with the exception of asparagus, ﬁhiah‘waa 08%., ?heée
figures agree falrly well with those obtained by Clifcorn
and Heberlein (7) who found the over-all thiamin retention
for the nine vegetables studied, based on the total conteats
of the can to range from 31% to 89% with an average over-all
retention of 57%.\

In the @raaeﬁt study fourteen cages out of sixteen showed
a considerable drop in thiamin from the fresh to the canned
solids, In the other two instances, asparagus 5&14ﬁaya aftar
canning and carrots 104 days after canning, the total yield
of thiamin in the canned product appeared to be greater than
that initially pressat'ia the raw éﬁaté. This apparent dise
erepansy is attributed to three factors: =£1rs€,ulim1tatien
in the precision of the analytical maﬁhadégamployea; ﬁaéoad,
the greater Aifficulty experienced in extxaétimg the vitamlin
for analysis from the raw state; and thiré, the prabablé
a@ﬁion of destructive enzymes in raw vageﬁablas éelaaaeé during
homogenization., These enzymes are, of sourse, inactivated when
vegetables are processed. The eenelusionfhas baén drawﬁ in

these instances that the vitamin ﬁas.asmplately retained,

Willieams and Spiégﬁin 1938 {44) state that the amino grauﬁ
of the pyrimidine nucleus of vitamin By (thiamin) iseaid to
be capable of reacting rea&ily‘with‘aldénydes, Inasmuch as
ths‘amiﬁo group is essentiéllta'phyaiéiegieal activity, thia
possibility aanﬂeﬁ be ign@raa‘aa a factor in ﬁh@ thermolability

‘of vitamin Byj. Aldehydes are of very common occurrence in



foods. It has been found that thiamin ocours in tissues
partly in'tha free form and partly as the pyrophospbate and
it mey be that a difference between the thermolability of
the two may exist. That the stability of vitamin B; in
vegetables during canning may be tled up with the form in

which 1% axiats in the vegetable and the amount of
aldehydes in the vegetable is quite possible.

After:storags for three moanths the coancentration of thiamin
in the selld ran higher than in the liquid in fifty percent
of the cases, 1.e., in asparagus, corn, kale, peas, (Tables
XV and XVI). | After storage for nine mnﬁ@hs the concentration
of thiamin was still higher than in the liquid in the ocase
of corn and peas, The soncentration of thiaain in éhe solids
of asparsgus and kale was aansi&ara&ly higher after three
months, but the longer period of storage caused an increased
seepage of the thiamin to the 1iqni&; Beets exhibited a
higher eoncentration after nine months wheress the thiamin
content of the solide of beans, carrots, Swiss chard was
lower than the liquid throughout, The variaticns between
thiamin values for solids and liquids was most pronounced
in the determinations on peas in whieh the relatively lower
liquid content of the canned product probably explains the
exagzerated difference in the amount of thiamin dissolved

in the two phases.



TABLE XV.

Vegetableh

Asparagus
Beets
Beans
Corn
Carrots
Kale

Peas

Swiss Chard

Pumpkin
Squash
Tomatoes

Tomato
Juiece

DISTRIBUTION OF THIAMIN IN CANNED
VEGETABLES AFTER STORAGE FOR THREE MONTHS

Selid

Liquid

Solid
Liquid

Solid
Liguid

Solid
Liguid

Solid
Liquid

Solid
Liquid

Solid
Liquid

Solid
Liguid

Solid
Soliad
Solid
Liéuiﬁ

- Weight

Total

per Distri- .

Jar bution

gle .
175

300

257
210

212
270

283
192

243
265

131
539

330
82

160
160

432
472
464
412

%

37
63

55
45

44
56

59
41

48

Y-

28
72

80
20

50
50

100
100

100
100

Thiamin
Concentration
nge/ g8/ Tot .

100" g, f;ﬁ@aﬂt
19,29 B33.75
8.04 24,12
3.45 7.24
11.65 24,70
14.42 38.93
8,38 23.72
11.59 21.09
7.44 18,08
8,06 21 .36
13.34 17.48
3.92 13.29
23.78 78,47
27.70 21.71
3,19 5,07
7,86 11.78
5,01 ' 21.64
3,08 14,80
29.64  137.53
21.68  89.32

o B0 -

Distri-

bution

58
42

44
56

39
6l

53
47
54
57
78
22

30
70

100
100
160
100



After three months storage: For all vegetables except

asparagus and kale the s0lid weight was in the range of 50%
to 80%. - Canned asparagus had solid welght of 37% and kale
had solid weight of 28%,

For all vegetables except beets, Swiss chard and peas,
the solids carried from 44% to 56% of the thiamin., The
solids of beets and Swiss chard carried 50§ and 29% of the
thiamln respectively, and the_aaliﬁa of peas é@ﬁﬁ&iﬂ@d 78%
of the vitemin,

After nine months storage; ¥For all vegetables except
kale the 80lid weight was in the range of 52% to 84%, the
s0lid weight of kale belng 32%. In beans, beets, carrots,
Bwiss obard and corn the solid carried 47% to 70% of the
thisming whereas in aaparagua and kale the solid carried
38% and 35% of the thlamln and the consentretion for pess
was 80%.



Yegetable

ﬁﬁ?@?ﬁ@ﬁs
Beets
Beans

Curﬁ
Carrots
Rale

Pens

Swiﬂs Chard

Pumpkin
Squash
Tonatoss

Tonato
Juice

Solids
Liquid

Solid
Liquid

Solld
Liquid

- Solid

Liguid
Solid

Liguid

Solid
Liguid

. 8Bolid

Liquid

Solid
Ligquid

Solid
Solid
Solid
So0lid

ﬁ@ig&t

Total

per Bistri-
Jar butiosn

197
268

272
BOO
267

298
168

2565
237

142
308

342
65

- Bl3
132

432

460
429

%

42
58

58

42

46
54

84

36
52
48

32
L5

84

16

68
38

100

100 -

100
100

Congentration
LB, 1595/ 700«
00 gm. | Asount
16.32 32.15
18.71 52.82
Z.86 7.78
8,51 7.02
10.15 27 .10
¥ *29& 3% * ﬁg
?'5%' 12.82
4.19 10.68
é,$¢, 11.4%
S+ 56 4o 77
2.83 B.72
25,84 81.53
31.8% 20,73
B.83 5,88
5.87 7.75
| 28.00  120.96
A;&;%% 68,78
185.54 56,78

100
100

100

100

-G8 -
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SUMMARY

1. Average values and ranges for thiamin content are
reported for a large number of Manitoba v&g@tahlast: Cone
Sideraple variation has been found, the values ranging from
6.40 miorograms per 100 grams, the lowest value for radish,
%o 279.5 micrograms per 100 grams, the highest velue for
peas, This would mesn that fram'lﬁ to 16% of the adult .
daily requirements of thiamin would be supplied in a 100
gram serving of vegetables, if it were not for cooking and
procesping losses. Although the high water content and
great bulk of leaves, roots, and stems of plants prevent
them from supplying an outstanding amount of thiamin, they
are nevertheless significant contributors to the diet due
to the large amounts consumed, The taigm;a.eantaﬁts'af the
vegetables analyzed are of the same order as those rap@rtéd

by other investigators,

2y Avﬁi@nifiaanﬁ variation in thiamin conteat of five
'vegetables over a considerable area was not found to exist.
However, there appeared to be a considerable r&nge within
values for an individusl vegetable over the particular area
studied,

&+ The effects of cookins on thiamin retention was
studied for fresh and stored vegebtables., Taking all the
cooking tests ianto consideration an average of 37% of

thiamin was deastroyed during the cooking procedure.
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Of this 37%, 2%% was digsolved in th@ eooking liquid, The
greatest loss of thilamin (66%) was eancountered during the
cooking of puspkin after it bad been stored for five months.
Golden Bantam Corn retained the graatast percentage of
thiamin during the ccoking procedure (1% destroyed, 4%
disﬁolvéa in the cooking liquid).

4, Cooking was found to havé a sériaus significant
effect upon the #hi&min econtent of storage Vvegetables. In all
cases the ﬁaluaﬁ for the cooked samylaa were lower than the
raw. This coneclusion was sabstaéﬁiatad by an analysis ér
variance in that the caloulated F value (43.60, Table IX) far
‘exceeded the five percent point of 5.3%. Part of this loss
was found in the cooking liquid, However, this effedt was
| found to hold true wheﬁﬁer the vegetable was fresh or had been
stored for a definite time interval, It was concluded that
although there was not a significant éewﬁward.limaar trend
in the data for the vegetables included in this study it would
not necessarily hold true for all vegetables at all times,

5, Home storage of vegetables did not appear to have any
deteriorating effeet on the thiamin content of vegetables. A |
trend for the thiamin content to fall during the first three
months 6f storage and to rise during the next six or seven
months seemed to exist, However, there was no decrease in the
poteney of the vitamin By in raw vegetables after storage for

over eight months,
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6+ The over-all thiamin retention during canning for
the elght products studied based on thé total contents of
the jar; was faéﬁa ¢ range from 15% to 61%, with the
exception of asparagus, which was 93%, In fourteen cases
out af.aixtean there wes a considereble drop of thiamin
from the fresh to the canned solids, There was also a de~
er&ase'in the thlamin content of canned vegetables apan

storage.

7. A comparison of the concentrations of thiamin in
solids and liquids was made, and regarding the overw-all
distrivutions, the observations led to the followlng general
conelusions: in most canned vegetables the solid welght,
belng 50% to 84% of the total jar contents, carried 44% to

70% of the thiamin. Peas were the outstanding exception to
.thasa ranges, for with solld weights ranging from 80% to
84% of the total, the thiamin content of the solids was
correspoadingly higher.
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APPENDI X '

IABLEXVIL. paAvA FOR GALOULATION OF THIAMIN
RETENTION DURING COOKING OF VEGETABLES

Amount
Weight Amount Weight of
. of of of Thiamin
- Condition Sam~ Vege~ Thiamin Liquid in
, of ple table In Veg. after Cooking
Vegetable Vegetable No. Cooked Seolids Cooking Liguid
(1) () (3) (&) (5) (8) (7)
igs./ {Uém»,
Zus, 100 gme. pgma,. 00 gms.
Asparegus Fresh, raw 10 63.81
Fresh, '
cocked 11 @ 110 54.86 1xl 15,51
Fresh, rew 12 B0.65
Fresh, : ,
gooked 13 385 25.70 387 2.50
Beets ¥Fresh, raw 20 24.71
Fresh,
: cooked 21 800 5.87
Beans Fresh, raw 30 $0.27
fresh,
E - cooked 31 400 27.81 380 23:84
Brussels A -
S8prouts  Fresh, raw 40 _— 87.58
Fresh,
cooked 41 300 46,86 370 15,07
Cauli- ‘ :
flower Fresh, raw 50 87.50
F¥resh, ~
cooked Bl 300 31.30 417 10,22
Cabbage Fresh, raw 60 30.45 o
Fresh, T v
cooked 81 400 11.25 815 8,57
Storege 3 ' :
@m0, raw 62 54,58
Storage 3 :
1515 '
soocked 63 340 12,51 2 ages 12.59
Cora Fresh, raw 80 109.60
Fresh,
gooked 81 400 104.860 928 2.07
. Carrots Fresh, raw 90 13.67
Fresh,
eooked 91 500 7.01 230 13.22
Storage 3
ne. raw b 24,81
Storage 3
AG o

cooked 96 500  22.36 205 22,22



DATA POR CALCULATION OF THIAMIH

RETENTION DURTHG COOKING OF VEGETABLES (sont.)

(1}

Carrots

Kale

Onions

Parsnips

Pumpkin

Peas

Potatoes
Irish
Cobbler

{2)

Storage

8 mo. raw
Storage

B mo.

gooked
Fresh, raw
Fresh,

cooked
Storage

3 mo, raw
Storage

3 mo.

cooked
Storage

8 mo. raw
Storage

8 B0

sooked
Fresh, raw
Fresh,

aooked
Storage

& mo, raw.

Storage

‘ B HO.

cooked
Storage

8 mo. raw
Storage

8 B«

cooked
Fresh, raw

Fresh,

eooked
Storage

& wo, raw
Storage

3 D0,

gooked
Fresh, raw
Fresh,

cooked
Presh, raw
Presh,

cooked
Storage

< BO. raw
Storage

S mo.

cooked

(&)

97

98
10l

ic2 |

123

124

125

126

- 130

131
152

133
134

135

150
15l
154
158
170

171
180

l8l
isz

183

(4) {5)
. UEBe

gus, 100 gms,
20,51
300 15.97
300 36.10
28,17
500  21.60
17.78
300  10.21
79.21
300  49.59
OO  B5.57
81,70
300  68.77
19,43
500  16.67
43,46
500  14.88
' 96450
638 49,83
98,88
300 78,47
86,10
300  53.65

(6) m
ﬁgo
EmS. Iu@ B8 o
287  $.50
320 11,97
268 12,25
217 7.97
529  15.45
230  20.60
407 11.79
335 4,39
358  10.62
447  26.84
500 15.56

422 8,96
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DATA FOR CALCULATION OF TEIAMIN
RETENTION DURING COOKING OF VEGRTABLES (cont.)

{1) {z2) ' {3) (4) ’(5; y {6) ,{Z)/
£588. lég&" o EHBe lgg@gé,.

Potatoes Storage
Irish & mo, raw 184 85,87
Cobbler Storage . .
8 mo.,.
: cooked 188 300 75.46 284 = 9.85
Potatoss ¥resh, raw 180 77.82 .
Warbsa Fresh, )
. eopked i8l - 300 40,53 285  14.03
Storage - o
3 mo. raw 198 “ $1.16
Storage .
- 3 mo.
cooked 194 300 45.41 117  25.56
Storage . .
8 mo. raw 195 §6.71
Storage . .
8 m. '
sooked 196 300 80,89 284 8,66
Sguash Fresh, raw 210 17.58
Fresh, o
sooked 211 400 12.43 345 3.77
Storage , : ' .
3 mo. raw 214 8,095
Storage = :
3‘ HO, '
cooked 215 300 5.50 315 37
Swiss Chard Presh, raw 280 - 24,75 )
_ cooked B21 400 17.60 195 19.31
Turnips Fresh, raw 240 67.24
Fresh,
cocked - 841 300 27.28 385 10.76
Storage .
3 a0, raw 242 22.73
Storage .
3 6o,
sooked 243 300 20,25 435 12.78
Storage , '
8 mo. raw 244 - 45,77
Storage
8 mo. .
aooked 245 300 17.086

bl
2o
&8

14.19
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) ﬁmmﬁﬁﬁ OF THIAMIN RETENTION DURING
255780 AND APTER STORAGE FOR 3 MONTES

weight Thiamin Thiamin Asouat Asount  of
of Content Welght | Content of By of By Thiasin

Yegeteble Jar Jar .. Sollds Solids  Liguld | 1squsd4  Solids Liguié Jer tion

195 19.29
257 2.23 210

24,12 57,87 93
| F.24 18,97 19
2lz  11.65 B70 | 14,42 24,70 38,93 63,68 57
288 .38 182 | 1189  25.72 21.00 4481 15
243 7.4 265 | g0s 18,08 21.36 39.44 109
Eale 18l 13.3¢ 39 | 598 17.48 13,89  30.77 40
" Puapkia / 452 5.01 o |
Feas 96.50 353 340.64 . 330 25.78 82 | pr70  78.47 2171

Asparagus
Beets

‘Beans
Sorn

Carrote

. 29
Sguash 17.58 ' S.08
Swiss Chard 24,75 232 .  54.94 160 3.7 160 |  woms  s.07 1178 16.85 31
Tomatoss  42.8 - o 29.64 | |

Tomato Julce 42.8 | - Z1.68 ]

breined of of af iz 7 ia. in Zeten«



CALCULATION OF TEIANIN RETENTION DURING

PROCESSING AND AFTER STORACE FOR O MONTHS

Before Processing

Thiasin
Content
¥hen
Filled
Iato

Vegetable Jar

o8 ik,

&ﬁﬁaragag ﬁﬁ.éﬁv
Beets 24,71
Beans 46,30
Gorn 109.6
Carrots 13.67
Kale 49.51
Puompkia 19.43
Peas 86,50
Sgaaah ;?.58;
Swiss Chard 24,75
Tomatoes

48.8
Tomate Julice 42.8

After Progessing

1 - Bufficlent only for one sample,

Welght Total
of Amount :

Produst of Welght  Thiemin

Put Thiamin ‘of Countent Wwelght

Iato in Drained of of

dar dar Selids Solids Liguid

| Jes o/

,@_ﬁo %ﬁn @é& G0 Wt ZEE o
203 62,22 187 16.82 - 268
281 68.44 Bv2 22 86 200G
236 110.68 230 10.71 - 287
305 334,26 298 9.93 168
2865 86.22 255 4,19 239
154 76.24 142 D36 208
353 540.64 ‘B4 23,84 65
222 54,94 218 5.25 133t

Thiamsia
%aﬁtaat

Ligaié

»‘iags,/

- 19.71

3.51

. 10.18
. 7.68

4.84
2.83

5.87

Total
Amount
ﬁt B

8@1&&&

e

52.15
 9.78
24.63
29.59

10.88

4.77

81,53

6.88

Total
Amounb
af By

Liguid

pes.

52.82
7.02
27.10
12.82
11.47
8.72

20,75

7.75

- Potal

Amount
of

Thiamin
in

JBr

AT AANALY:

ﬁg %a
84,97

14,80
51,73
42.41
22,15
15.48

108,868

14.63

Reten=

tion

b
137

21
47
i3
61
is

30

27




