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INTRODUCTION

In Cenada today there iz considerable evidence of suboptimal
nutrition as shown by dlebary surveys carried cut in a number of
eities aoross the country. (83) In each sﬁudy it was found thet the
ascorblec acid consumed by the family was below the standérd‘re;
quirement, and that it was one of the most axtreme deficiencies in
a. large proportion of the people, ” |

 There are two éistinetly separate dietary sﬁandards used in
Canada today. To defermine the requirement of a nubtrient for an
individual, a standard was drawn up by the ﬁh%i@éal Research Couneil
of the United States 1n'1941,'(54) and teﬂﬁaﬁiveiy’aeeepﬁed-by the
| Canadian Council of Nutrition (B8) in 1942, . This sﬁandard allews
.a wide margin of safety for each nubrient to insure optimum nutri-'
tlon for sveryone. The daily adult allowances suggested are 75 mgm.
for men and 70 mgm. for women. Allowancea ars given also for ehil-
| dren of varlous ages. %@ha second dletary standard wes constructed
by the Qanaéian Council of Nutrition (11) in 1@45 far the puréesa
ef p1ann1ng food supplies for a population. ' The average raquiree
ment for a representative group of people was used to eonstruct the
sﬁagdard, and the suggested dally allewaneasvfer ascorbic acid are .
50 mgme for adults and 30 mgm. for children. | N

Although the nutritional status of the people of Canada may b?
below the optimum level ,exbreme malnatritiqa 1s‘practieally unknown.
(57) 1In Qﬁher_par%s of the world, however, particularly in Europe
and Iadia star?ation is prevalent, The\ahertaga of food suppliesvis
extrémely grave, and it 1is 1mp§rat1ve that the losses in nutrient

wla



B

value caused by such universal practises as transportation, ste;
rage and cooklng should be determined and minimized as much as
possible. It 1s alse of extreme 1m@6rténcé’£haﬁ the food'whieh
is pr@dueed is of the highest possible nutritiaaal valiues

Ascerbic acid, or vitamin C is one of the most unsbable of
" the vitamins. It is water-soluble and destroyed by oxidation in
the air,’ espeeially in an alkaline selution. The losses qaused
by storege, eoaking and eanniﬁg of fruits and vegéﬁables may be
80 large as to 1mpair fhe usefulness of these foods as sources of
the vitamin in quesﬁian._ | o
~ Altheugh th@re are meny data on the aseorbie acid content of
?egéﬁabiéé grown elsawhere;“there is liﬁtie.khcwn-ceneerning the
amount in maniﬁabaVVGgS%aﬁies; ”Thérefofe“it wés‘coﬁgidéred‘W6rth
while to sfuay'Maﬁitéba vége%ables'aiang thesé iines.-'@hs %hﬁéé”
-Vegetables choseh for this study are eabbage, paas and potatoes,
slnce they are all good sources of ascorbic acid and commﬂnly
grown in the provinee. The purpose cf the work is threefold'“
firstly to datermine the ascorbia aeid cent@n% of oeveral Varie-
ties af cabbage, reas and potatoes grown in M&nitcba, dnd to eom’
'pare these results with those of other Workers; secondly, to cemp_
vpare thé ascorble acid cantent of these vagetables grown at the |
University of Manitoba with that of vegétables grewn in other
districts of the pravince' and thirdly, to determine the effect
'@f matura*ion, shcr%»ﬁerm refrigeraﬁor storage, 1eng~ﬁenm roat-
‘house storage, - oeokiag. canning and other houvehald practises on
the aseor%ie acid conteﬁt of the’ vagetables.



History

seur#y was‘wezl;knawn in Burope befaré the introduction of |
the_petaﬁa but after thet time 1t was rarely seen on land. (8) It
was, however, a famillar disease to éailers who were long away
from shore. (66) In 184?'ag interesting ex@@riment was carried oug
by a British surgeon, Lind, (63) for the purpose of findingwa cure
for scurvy in sallors. Many auggeat@a remedles were te-ted buf
ohly'erange@'ané lemons were found to be effectives In the same
'yeay it was suggested by Budd (6$)vthat seurvy was caused by the
deficlency of some essentlal element, but 1t was not until 1907
that Holst and @r&lich (2B, 26) proved this prophecy to be trua.
and showed that saurvy was caused by the deficienqy of a speeifie
subst&nca - later @alled vitamia C.

The constitution of vitamin € was established by the work ef
a number of tnve,tigatara. Zilva, (84) 1in 1924, succeeded in con-
centrating the antiacarbutie substance to an almost pure bﬁ&t@,
and uaing the concentrate established the molecular faxmula GéH.OG.
He also noticed i%s ‘resemblance to hexeses and its inmtability ta~
wards oxygens. In 1920 Drummond (21) siggested that the antiscor-
butic substance be called vitamin C - fat-soluble A and watera
soluble B having been ramed already.

While studying the oxidation - reduction “ystam,ef the a&re-
nal coertex, Szent-Gydrgyi (67) isolated a stranély reducing sub-
stamce in lsmon julce and eabbagw, and al=0 an enzyme which 0Xi=-
dizes hexnrenie acld in the presence of oxygon into a revnrsible

" oxidation product. Waugh and King (79) identified hexuronic acid
as vitamin ¢ when they isolated ‘he latter from lemon juice in

1938+ 1In th@ aaxt year the dehydro form of the vitemin was pro=-
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duced by oxida’ion and 1solated Eg Karrer, Solomon and Schopps
(33) The stractural ?ormnlaa of the two fomms ‘were established by
Haworth (22) Hirot, (25) Khrrer, Sehépp and Zehender, (34) Michesl
and Kraft (44) and Von Euler and Klussmann (14 )

o-g——— - - vg———  (63)
3§§f——- | — 32  S N H~§'——',
gg,g-g : ] | E@~g-H

Hp=C-0E B | ‘HyC-OH

- It was suggested by Szent-Gyorgyi end Haworth (69) that the
‘name hexuronie acid be changed to asoerbic acld, since the former
~1s the neme of a elass of SubSﬁunGeS rether than an individual
compound, The American Medieal Asa@ciatian. however, preferred to
call it eevitamie acld te prevent therapeutic suggestivenaws, bub
later they accepted the name. ascorbie acid because of its mer@
common usage, |

The first synthesis of asoarbie acld was aeeemplished 1n 1953

by Reichsﬁeim, Grussner.ana Oppenauur (60) using l-xylose as a
base. The l-xylose was treated with phanylhydrazine and hydralysea |
to l-xyiasene. Hydr@cyanie aoid was then added and it was further
hydrolysed to 5~Kbtagu1anie aeid, and finally l-ascorbic acide
Three other synthetic processes have ba en dev ‘loped, and one Whieh |
has ‘been used eommsreially was daveloped by Reichstein and Grussner

using d-glueese as a base,

Methods
‘The first quantitative detorminabion of vitamin G in food was
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ﬁada by Holst and Frolich. (26) They\feun‘d that guinea-pigs on a
diet deficioent iﬁ.#he vit amin developed a hemorrhaglc dilsease
which waa‘aiﬁél%ﬁ te scurvy in humans. The amount of the food
necessary to prevent seurvy im the animal was used as an index of
the vitemin C eoaosntraﬁioh. The diet consisted of oats and water
and thenéfare was deficient in ather factors as wgll as vitemin C.
Cohen and Meﬁdel, (12 ) and Sherman, La Mer and EaMpbell (64) made
1mprevaments in fﬁe dieb unﬁil it was free from’vitamin C but con-

tained all the c*her<essentia1 factors. . |
Thera are three gonerai types of biolagicai meth@ds, Shanman,

La Mer and Campbell (64) used the growth or preventive method to

determine the minimmm amount of viteamin C necassary to preveat
seurvy In 1932 a eur@five method was developed by Birch, Harris
and Ray (7) which determines the amount of the vitamln necessary
to cure scurvy, and the third method, dQVeloped by Hojer, (65)
'gsed the hiateiagiaa; changes in the teeth of the guinea~-pigs as an
‘1ndication of vitamin € concentration, Blological methods are used
today mainmy as a check for chemleal procedures, .
Phe first color test for vitemin C was dsvela§ed by Bezaanefz

{65) using the Polin-Denis phenol reagent. ‘The dye 2-6 dichloroc-
phenol indophenol was first suggested by Tillmens and Hirsch (70)

as being specific for Vitamin €, and in 1933 Bessey and King (6)
used this dye in a quantitative test to determine vitemin G in
plant and animal ticsues. The semples were grouad,in a morter
and the vit amin extracted with three per cent metaphosphoric aeid,
It was then eaﬂtrifuged and the éetwrminaﬁion carried out by direct
titration. In 1938 Bessey (4) modified the dye titration method

to use a photoelectric colorimeter, The machine aatcmatigally
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gorrects for aztranecué'méttér,‘and the subjective feading of the
ené-painﬁ is elimiﬁﬁted; | |
In 1941JMaré11 1567 rovised Bessey's method to debermine as=
| Goibié acld in plant materiai:g A Wariﬁg Blendor was uSQ& for
extracting and grinding, and the selution was filtered through
number twelve @hatman fluted f£ilter papex, Tm qimglify calcula» ’
'tioas a standard aurve wasg prapared uaing ¢elutions af pura a8Cor-
bic aclds Eha 1og of the galvanemet@r reading was plaﬁted agaiast
the am@ﬁat @i ascorble aaid in the aamyla to fmxm 8 straigh$ line.
In 1942 Loeffler and Ponting (41) modified Marail's method
to make 1t adap%abla for the datarmiaatioa of many kinds of frults
and . vagetables. fresh, frozen and dehydrated. A solution of ona‘
per eaat metaphgspheria acid was used in place of the three per
eent in order te eliminate the need for buffering. It was found
tha% a one per cent solutlion, with a ratia af aeven volumes of
asid to one volume of plant material, yielded a PH law anough
to pr@veat losses during blending and yet suffici@ntly high to

prevent the fading of the dya.
:ichlor@phenelindgph@nal deﬁermineg reéncad as@@rbie acld

aaly;‘ When dehydraawcarbic aeid 1s preseﬁt in materials iﬁ must
be redu@ed to asearbie aeid befors it can he detormined by this
dyoe The msst generclly used reductian technique is that cligi-
nated by Qillmans ‘and Hirseh. {70) Hydrmgen aulfide was used as
the reducing agent and the excess driven off by carbon die}ide

ar-nitrogen. The total ascorbic acid was then det ‘rmined by 2-6
dichlorophenolindophenol titration. However 1t has been ahewa

by King (35) that sulfhydryl salts prodaoa a neticeable error,



e
and a teehniqué.has been Qavéloped bvaée and éesterlingv(éz}’te
determine asce?bie acid directly ia planﬁa by‘us;ng the dye 2-4
dinitrephenylhydraziﬁe,} ThiS’iS'a‘mOéifiGaﬁiQﬁ of the meﬁhgd of
’Raé and Keuther (61) té det ermine tétalkasqarbiq acia in thé blood,
The extracting solution was five per cent métaghégphorie aéié and
one per denﬁ thiearea.} The iabter‘s#abilizes ascorbie écid and
prevents 1ts oxldation to the dehydrekform‘im,the presence of the
aye. | | | o .
| Cartain types of foods, such 28 green walnuts, (81) and de~
hydr@tsd (44) and eaoked (78) vagaﬁables were faund to econtain
other dya-redueing aubstamces, Which reacted as ascorbic acid when
it was being determined, Wokes (75)‘suggastad'the name "apparent
"vitémiﬁ;ﬁ“ to inelude‘thesa subs%aﬁces which have no antiscorbutie
activity., Two meﬁheds to determine “apparant vit:min C" have been
éuggesﬁed, Lugg (42) and Mapamn (46 44) both uced famaldehyde to
'vsepafats ascorbie acid from reduetanegi The basis of the method
1s the fact that at aJPE of 2. 9 ascorble acid is rapidly condansed

=.\by a solution of ight per'cent formaldehyde. whila reductones

i xeaet more slowly. In 1943 Levy (40) found that = twenty per cent
selution of hydrochlaric acid, when added to a solutien of ascorble
acid, completcly inhibited the reversible o 1daﬁian;prace s and
only "apparent vit.min C" reacted with the dye. On dilution with |
waﬁer, ascorble aeld sgaln was oxidized in the presence of th@ dye
and tha difference 1n the two readings gave the ascorbic acid con-
tant of the solutions

Review of Litaratu:e.

A very wide variation in the ascorbic acid content of cabbage,
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Peas and y@%aﬁaesAhas been répgrﬁ@d‘in literaturss The varlation
1s large not only between varieties, but also within varietles of
the same vogebable, The rangs and mean ascorbic acid values of
the raw vegetables, as reported 1n literaturs, are vhowa in Table l.
EWinter cabbage was found by Gould wnd Erepsler {19) to contain less
ascorblic acid ﬁhaa‘sﬁmmerségﬁbaga, while Bursll, Brown and Ebright
(10) reported the opposite fact. The wide range of 48 to 181 mem,
per 100 gm, was reported by batk.Burell ot als (10) and Maynarﬁ and
‘Bees son (46) for thirty and thirtybeae strains and varietias res-
pactively. The average asmmrbic acild cantant @f the Golden Acre
variaﬁy was found to be 55 mgm, per 100 gm. by Gould and ?ressl@r
119) and 82,5 mgns by Burell et al, (10) The values reperted for
'the Danish Ballhaad variety by these workers were 30 and 127,0 MM -
raspectivaly, Copenhagen Market and Pennsylvania State Ballhead.
Valaeéwware reported by 3#2611. Brown and Ebright {i@) ags 71.9 ahd
ws.?'mgm.- per 100 gm, respectivelys Eollymaxa, Brodle and Willard
{24) fanad & range of 36 to 92 mgm, per 100 gm. for cabbage pur-
chased on the Toronto retail mark@%.

- Por eighteeﬁ variebies of peas, mask, Tresszer and King (43)
rep@rted a variation of 19 to 40 mgm. pe? 106 gme , and Van Buyne
Bruckhart Chase and Simpson (76) feund a comparative range of 22
to 40 mgm. per 100 Bme fer nine Varieﬁie%.’ The mean values far-
Laxﬁon‘s Erﬁgrevs and Little Marvel varisties were reported by
V&a Buyae ot al. (76) to be 2? aad 26 mgms per 100 gm. raspactiVely.
B@thaMack ef ale (43) and Bassey (4) found that the ascorbie aeié
contant of peas decreased during maturatign,

A smaller variat lon was reported by Esselen, Lyons .nd Fellers



TABLE I

Numb oT of

— s ﬁscarbm Acld
Vegetable Referenea Y&rietz‘ ~ Varietles ﬁange “Yean
Cabbage Burell Brown and Ebrigm { }.@) gopenhagen Market 30 48,0~180.9 71,9
_ ' ~ Golden Acre 82.5.
Penn,State Ballhead 106.7
. ’ o Danish Ballhead . 127.0
Gould and Tressier (19) Winter 3 26~30 v
o ' Summery - - - 56-56
@miah Baiihe&& : 50
Golden Acre - 55
K@llmam Bmdie and ' ~
Willard {24) Ballhoad . 36-92 58
Meynard and Beeaan {%1 31 ;. 48-181
Peas, fresh Fellers and Stepat {15) B © BleT=4Te4
‘ ' , Maek, Tressier and King { 42) 18 - 19-40
VYan Buyne, Bruckhart, ’ . 2 R2=40
chase and Simpwn { ?6) Laxton's Emgresa ‘ 27
‘ Little. ﬁawal ' 8B
£rozen Poellers and Sﬁepat {15) . . b 9.3-15.6 13.1
‘ Fﬁzgerald - Fellers 118) 4 brands 15-22
Potatoes Easeleat Lyam and o S 4 9.7-13,1
Pellers (13) Irish Cobbler L Te2=2040
Julen {30) , 10 ) 14.¢2=29.2
Karikka, Dudgeon Iriok Cﬁabblar 1938- 10,4
and Hawk (32 w1959 - 1B.2
ﬁr_ama . 1938 9.8
o 1939 15,5
Lamlaitt Beker and o
}?arkiasan {39) 15 : . 20=-41 o
Muvphy (52) 6 : 17.3
Murphy, Dove and _ S ‘
Akeley ( 55) 22 22=-38
L Iri »h Gﬁbbl?&' . 21=30 22
) 27-30 29
Iﬁ Ia G‘abbier lst Yr ' 12.3 .
" 2nd ¥r o 13,7
‘.' " 3rd ¥r 25.2




=10~
flg}'batwéan'aavan varieties of potatoes grown im six stutes, than
wiﬁhiﬁ the Irish Cobbler variety grown in seven states. A range
of 22 té 38 mgm. per 100 gm. for twenty-two ?grieties wag reported
by Murphy et al., {B2) while a Simil.ai;‘vériaﬁiea of 20 to 41 mgm.
per 100 gm, was reported by iampiﬁé; Bakef and Parkinson (39) for
fifteen varieties, Por tem varieties, Julen {30) reported a range
of 14,2 to 29.2 mgm. per 100 gm. A great difference within the
Irlish Cobbler and Warba Va::‘ie'!;.ieg? was reported by both K&rikka,‘
ﬁudgeon and Hauk (32) aad'&mrphy, Dove and Akeley. {52) |
It was reported by Burell, Brown and Ebright, (10) Murphy,
'Dave)aad Akeley (52) and Haynard -nd Beescn 146) that genetie in;
fluences avaxwhelm,any variations due to climete, soll. or ferti-
1ization. The sbsolute values for the ascorbic acid content of
a'Variétvaas found to depend upon environmental factors, but the
relative position of a variety withim a range, grown under the
same conditions, remained a@nstanﬁ, 0f the environmental faéto:s,
Maynard and Beeson {46) found th.t lisht was the most effective,
while the effect of soil and_fartii&zaﬁiaa was gl ight,
@haverigiﬁal ascorbie acid content of a vegetable may change -

with sﬁorageg Bessey (5) reported a 26 per cent loss in the
ascorble acid content of cabbage when stored for ome month ab

room temperatures The loss was 10 per cent for storage of the
seme length of time at 45° to 599 F..-?an.ﬁuyaa, Chase and
Simpson {77) reported that in storege a% 519 t& 39° B, tkére was

& slight risa in ascorbie acid in three days, a 10 per cept loss
in twenty-nine days, and a 21 per cent loss in ninecty-three days.
A rise in tho ascorbic acld value after storage for twe days ab

z@ Cs was also reported by Lampitt, Baker and Purkinson, (37)



-11-.
a&d khase warkaxa sagga«t %ha% the apparant increase lm ascorbie
acid 1@ due bo welght chunges in the vegetable.

Peas képﬁ at room temperabture for one and three days were
found by Tressler (73) to lose 15 and 30 per cent of their as-
gorbic acid eontent respeetivaly,‘ A% o° to 2% ¢ there was no lacs
in one day, and a 3 per cent loss in three dayse o

1t. was reporied by Esselen, Lyoas and'ﬁeilaﬁg {13) and Julen
{29) that storege tended to level differences between varieties
of paﬁatees, Esseien;eﬁ als (13) found a 1@@3 of zrmmkg‘ta 60
per cent for eight varieties during five m@nﬁh*sigﬁgrage, while
Murphy (62) found the average loss for six varieties during seven
month' = storage was 71 per cent. ,

Aé]might be expscted cooking changes the ascorble acid cone
taﬁ% of a vegebable, There has beem & great variation in the
method, the ubensil, the time, and the ratio of watar ﬁe vegebable
used by diﬁfer@nt workers who have studied thls problem. Eabla I
ﬁh@Wﬁ‘ﬁh% percentage of ascorbic acid retained in the eaakadfvegﬁ*
table, dissolved im the cooking water and destroyed, as found in
1iterature, The amount of ascorbic acid retaimed in the cooked
_éahbags varied from 22 to B8 per cent, @hera&@ugt dissolved in
- the cooking water varled from 23 to 66 rer cent, and the amgnn%
desﬁrayaa, from 12 to 36 per cent, The ascorbic acid retaimed in
the cooked potato varied from 53 ﬁefa?_@@r cent, while the amount
dissolved im the wator was found b&'twa workers to be 19 and 15
per cent, and the amount destroyed 28 and 7 per cent.

The xetéﬂ%ieﬁ:ef escorble aeid im cocked fresh péas wasg re; f
ported by‘Bessey {5) and Fenton, Tressler and King (1?}'%@ be
approximately BO per cent. Fenton, et al, (17) reported that as
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peas became overcooked, there was a contlnual rise in the asaoxbig
#éid values far'the water, while the values for the vegetable re-
mained constant, or tended to increase glightly. These worksers
suggéat that the apparent increase im the ascorbic seld content o
vy oo o o o increase im other 'dya,gaammg substances, A simi-
lar rise was roported by Fenton snd Tressler llél when fTozen peas
were ‘overcooked, madhunfer and Rabbins {71) reported thet ¢ooked
 ' frozen peas contained 40 to 50 per cent of theiy original ascorbie
aai@ cagﬁeng and Fellers and Stepat {15) found that the loss in
ascorbic aeid due to freezing and cooking was 6946 per cent. The
eammeréiml éann*ng éf peas Waé reported by Bessey (5) %o cause a
lObﬁ 1n ascorbic acld of BO to 85 ver cent, Whil Fellers and Stepat
(15} f@uad a loss of 33.9 rer cenbs

~ The effect of a very large volume of ﬁ@oging water was reported
by Glliv»r {86) to 1ower the reﬁenﬁion of a*ear%ic acid in the
eooked vagetabla, and a vary small Velam@ of water was shown by
Van Duyne, Chase and 31mpsen (?7) %e ineraase the ret@nﬁian. A("'
wids Variation Withiaﬂthese ax%raﬁesg however, had littla effect,
@lliver {66) reported that %he 1eag#h of the coekiag time haé
littia effect on the retentlon unless #ha vegetabla was ovepr.
aookeds Ne lo s8 in ascorblc acld durxng the SOdkiﬁg of potatoes
;far-thrae nours in tap water was reported by elliver'(ﬁs) and
Allen and ﬁapﬁon, (1) |

| ?here may be & further loss in asaerbia acid fram.th@ hct
asoked faod when left standing. The loss when cabbaga was keph
hot for oae hour after cooking was feund by Lampitt, Baker and

Parkinson, (36) Allen and Mapson (1) and Olliver to be 60 per
¢ents Hollyman, Brodie and Willard (34) reported a loss of 62

e el B
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TABLE II

Vegetable

Reference

' '}ﬁaﬁ.@ eﬁE — '
G@@kmg Water to = s Aamrbis &éﬂ,@ .

%abhagje, ‘

.Eeas, fresh
ﬂmau

Potatoes

Allen and Ma:psm {1)
Hollyman, ﬁwﬁm and
Wiitlard {24)
Nebel and Waddell {B5)
Van Duyn 1e, Chase
aaﬂ szm@a@n {17)

ngton and Tressler (81)

. Besaey {86)

Penton, and Tressler {16}

MeIntosh, mres sler amé

Fenton {48

| Kehn end Halliday {31)

Lempitt, Baker and
:Parkia%a {36)
Olliver (56)

Yax Duynse, Chase and
Simpson (78)

i{‘iﬂe . ?@&e‘ha&xl& R

2:1 ‘ 44 44 12
B:l 44 53 4
£86:1 58 3% . B
4:1 - 30=-40 48-49 17-22
431 23 27
211 B8 Z2b 17
B:1 22 66 12

- R 50 25 25
8 11 59 %6 5

- %11 5975 20-28  B-15

20 311 53 19 28

~15~
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t@ 88 per cent in thirty minutes, It was found by Jenkins (27) |
that boiled potatoes, kept hot on = ﬁ%aamQtable for sixty minubes,
lost an additional 54 per cent of their ascorbic acid content.

The dehydroascorbliec acid of cabbage and potatoes purchased
on the retall market was found by Bacharech and Coates (3) to be
3 or 4 mgm, and 1 mgm, per IGGvém. respectively, Morgan, MacKinney
and Callleau (5) reported that no dehydro ascorble acid was found
in any vegetables, and Esselen, Lyons and Ee;laxélflﬁ) found no
dehydroascorblie aeid:ia the potato. However Tuba, Hunter and ”
Steele (75) rayertéd that two raw cabbage semples contalned 136
mgm. and 9.1 mgm, per 100 gm. of dehydroascorbie acid, while the

" cooked vegetable contained gs,z,and 5.7 mgm, These workers re
ported that frash peas contained 20.0 mgm. of dehydroasgorble
acld while the cooked samples had a content of 3.1 and 2.? Mgma
per 190 gme. | \

Mapson (45) reported that no "apparent vitamin GV wﬁs found
in either fresh fruits and vegetables or %ypieally cooked and |
preserved foods. However Wokes, Organ and Jacoby (82) have found
"apparent vitemin C" in s wide variety éf fésda, including those
whlch have been stored under normal conditions. It was reported
by Tuba, Hunter and Steele (75) that 20 and 36 per cent of the
ascorblc acid values of two samples of cooked cabbage, and 14
and 15 per cent of the content of two samples of cooked peas was
"epparent vitamin ", although no "apparent vitamin C" was found
in the raw sampl e,



EXPER IMANT AL

Method

The analytical procedurs used to determine the asecorbic acid
content of the vegetables was that of Loeffler and Pombing, (41)
and readings were ftaken in a Ge&emag speetr®§hmtaﬁet@r using a
520 M.pe f£ilter. A series of colorimeter tubes were matiched in
the spectrophotometer and used throughout the experiments. A
stock solublon of 356 d&ekiar@phﬂaslind@ph@nai dye was prepared
confaining 690 mgm. per l. aﬁ,distiiled'watér, from which a weaker
solutlon of 16 mgm. per 1. was prepared und standarized daily. It
was found t;&m the stock solution could be used for a month if
stored in a refrigerator. | | )

‘mha method in detall was as follows: Irom 25 to 50gms of
plant mgﬁsrial were ground in g'wariag Blander-w%#h 350 oc, of
one per cent metaphosphoric acld for five minutes, and the ox=
traet £11tered through number twelve Whatmen fluted filter paper.
The spectrophotometer was set at 100 with a tube conbaining 9 co.
- of distilled water and l'ec. of flltered extracts To two other
tubes, 9 ec. of the previously standardiged dye solution and 1
c@. of the filtered extract were added :nd well stirreds Readings
were taken #ithiﬁvfifteen sgconds after adding the extract until
two checked within 045 galvanometer units. The average of these
two was used in calculations. Duplicate samples prepared from
the same extraet checked within one per cent,

Po standardize the dya. the machine was set at 100 with a
tube of distilled water., To two other tubes containing 9 co. of

=lb=
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the dye, 1 ¢ce. Of the one per cent metaphosphoric acid was added
and readings tuken within fifteen seconds after adding the acid
until two checked within 0+5 galvanomster uaits,‘ The average of
the two values was used 1n calculations, |
A standard curve as suggested by‘Morell (50} was prapared by
using a series of known ascorbia acid geluﬁions ccntaining from
5 to 40 ngm, of ase@rbie acid per ee. Th@ st&ndard salutions
wers pr@pareé by disselving 125 mgm, of ascorbic acld crystals in
256 ce, af one per eeat mstaphospheric acid, Frum.l te 8 cey
amounts of ‘the solutien were added %o 100 cs.}velumaﬁric fhsks,
mads up to ‘the mark with ene per cent m@%aph@sphoric acid and -
ﬁected by the prace&ure deseribed abovs, The 1og of the galva-_
namatar reading for the samyle minus the leg of the reading for
the dye staadardizaﬁion was Plotted againat the ascorble aaid
eontent in ugm, per co, ?he 1ine of best f£it was caleulated
using the method of 1edst squaras and the aquaﬁi@n was
Yg@.i@?éx-ﬁ.iﬁel. @he ﬁalibratiea data for the determinatien of
.'ﬁhe stondard line are shown in Table III and the graph of the |
~ line in Figure 1;
@o calculate the amaunt of ascorbic acid per 160 gm. of plant
material the following equation was used: |

1090@53. aseerbia acid_ﬁk

ﬂhe:moiature pereentage was appraximated frmm food tables,
since it was found by Loeffler and Poatiag (41) that a variatien

af seven per cent caused less than & one per cent difference in
the asearbie acid ealeuiation, Modisture daﬁenminations weza



- CALIBRATTON DATA WOR THZ SPRCTROFHOTOMAETRIC

w1lTm

TABLE III

D}?’T""‘?}”TNATIQN OF ASCORBIC ACID

@alvan@neter

thérved

(s)

of least squares
¥=~6»6@?4X~G.0601

Per ce. Reading (a) Log Log Gs= {b) | Calculated(c)
Gs Gs» Leg Gav ’

5 48.1 1.6821 e;a:s:w 0.0360
10 52.8, 1.?28& 0.0723 - 0,0730
1b 5840 1.7634 0,113} 041100
20 6345 1,8028 0.15286 0.1470
25 6845 1.8357 0.1854 0.1840
30 Y446 1.8727 0.2224 0.2210
35 80,2 1.9043 0.2539 042680
40 877 1.9430 0+2927 @.295@

(a) 'm@éa of two 15 second readings used.
(é) ',sa1Vaaom@ter reading for thé-dye standardization g

- 4.7, Log G50 . w 1.6502

aalealat@d from the line of best fit uging the method

' %ha Standard Errer of Esbimate in percent of the meen

was 225 per cent.



made on raw cabbaga and found to check well with the tables,
Thay were also maede on aanneé peas, since the molsture conbtent
was not glven in tables. ‘

v‘ For the dehydreaaeor@ie acid detexminatians, the method of
Ree and @esterling (62 ) was used, with a 540 Mepe filter. 4
samplp of approximately 5 gm, was greund in.a Waring Blendor
with 100 60s of a solution of five per cent metaphospharic acid
and one per cent thienrea. The extract was then filtere@ through
Rumber twelve Whatman fluted fi&ter'papar.; In each ef two -
mﬁtching @elaximeter tubes was placed 4 cg,. of the filterad
extract, and to one af the tubes 1 ce, of two per eent Z~4 dini.
trophaay@hyﬂxaziae in 9N, sulphuric acid was added, The other
tube was‘iafﬁ blank, Both were held for three hours in an 1&?
cubator st 37° é, and then placed in an ice water bath, While
in the ice water, 5 cg. of aigﬁtyéfive yer cent sulphuriec acid
was added to each tub=, drep by drop, during not less than one
'miaute, and to the hlank ﬁuba only was added 1 cce Of 2-4 ﬁiniu,
. tr@phmy;hydmzmm The two tubes were then well agitated,
.re&@ved and dried, Phe speeﬁr@ph@tem@tar was set at 100 with
_ﬁh@ blaak tube and readings were takan within thirty and fer%y-
fiVe minutes after removal fr@m.the bath,

A gerles of known dehydroascorbie aeld solutioms containing
from 0.5 tc 9+0 Bgm, per ce. were tested and a stendard curve
prepared. The éehydraaseerbie acid s@lution was prepared by
_dissolviag 25 mgm of ascorbic acid aryﬁtals in 25 ce, of five
_per eegt metaphﬂsghgrie acid, The solutilon was Qxidizeé to
dehydroascorbie acid by adding a drop or two of bromine unﬁil.

the eolor was yellow. - Excess bromine was decconted, and the
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vsolation aerated uﬁbil'eolﬁrieSs‘ ‘From 0.5/10 to 9/10 cc. amounts
of the solution were glaaed in 100 ccs volumebtric flasks and made
up to the mark with the sclution of mataphospheric aclid and
thiourea, Tha samples were prepared and deﬁermined by the mﬁhh@d
described above, | |
| i‘ha line of best £it was caloulabed. by the met‘}aed of Ié&st;}
squayes, and the aquatiaa waa Y= ~@-9511K % 1.9671, where X
equals the ugm,. &f éehydraaaearbia acid per 6Ce, and Y equals

the lag of the gaivan@meter raading; The data for the deﬁenma§
nation of the sbandaré lina are shown in @ahie IV and the graph
@f the lipe in Figura Ba |

The vagsﬁaﬁzga used throughout this work, unless otherwise

;spaeifiaﬁ, werse grewa under the supervizion of the Division of
Plant Sclience at the University of Manitoba. Five wariaties of
gabbage ~ three summer .and two winter, five Varigﬁias of peas
and three varietiss of petatoes were teaté@; The garder; was
planted later than usual and conséquently the vegetables we&e
late im reaching maturity with the £irqﬁ samples being detere
mined about the beglnning of August. The vegebables were of
optimum maturity unless ofherwise s%aﬁa& and determinations
"wars carried out on the éay they were gathered.

~ To obtain a uniform.cab&age sample the coarse ouber leaves
of the head were removed, the cabbege quartered and the core °
taken outs Oross-sectional slices wers cut from opposite quagé
ters, chopped coarsely, the shreds mixed and a representative
‘seaMple ur approximatsly twenty-five gmg s@iéeted.“ﬁ éaconé |
sample using the other two quarters was prepared in the same way.

The peasyaf each lot to be tested were shelled cnd mized together
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TABLE IV

CALIBRATION DATA FOR THE SPECTROPEOTEMETRIC
- DETERMINATION OF DEHYDROASCORBIC ACID

hgm. Y GaEVaaametrie Observed Calculated (a)
per ce. Reading , L®g<ﬁ$
e f%s} - _ -

0.5 SIS 1 D 19590 ©1.9520
1.0 B3¢3 1.9206 1.9364
1.5 0049  1.9079 L@zﬁa
50@ ' ?&15 ‘ 1!39&4 . 1.8740
4,0 ~ 68«9 ‘ ‘ 1.8189 1.8428
5.0 89,9 1.8445 1.8116
6.0 - ‘ 53.w§‘ : 1.7917 1.,7804
7.0 . 58,0 : 1;?4@4 1.7492

8.0 47.4 ' 3?5&_ 1.6868

(a) Caleulated £rom z:he 11me 62 bost fi‘a using the mafsét
| ef Ieast gquares.
T -@.asux ,l 3..%*71
Eh& Standard Error of Eatimaﬁe in per cemt of the
"‘ﬁwaﬁ was 1.11 per vent,
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and &uplicate samples of ayyrsximktely tﬁenfy-five gre seleeteﬁ |
and welgheds Two slices from each potato, welighing approximately
30 gm, each were tested, The vegetable was cut through the centre
along the longitudinel axis, and the slices taken from eiﬁher’haif.

bifferences in ascorbic acid content between the five varieties
of cabbage and bebween summer end winter varieties were tested.
iha_heads selected were mature, and sampling was carried out in
%ha:manger deseribed above., Five érvsix hoads of each varlety
wera'tastaé évar a yeiiad of two wseké to & monbh,. Ih the case of
Pﬁam; from eight to f@urteen lots @f eaeh variety war@ analysed,
over.a ysriad of three weeks ta a manth, as they rea: ‘hed maturity,
Four petat@eq of each. of the three varieties were teote& aftex
being harvested. Since they were st@red immediat-ly, ‘the Variaé
tion in the concentration of the vitamin in vegetables grown in
differgntipar%s of the province was tested by analysing cabbage
aad potatoes sent from dix d&sﬁriets of Manitobas The Danish
‘Ballhead variety of eabbage ané Irish 6abbler and Warba potatoes
were tested as they arrived by %he abava described procedure.

wa £ind the effact of maﬁuration on the ascorbie acid canQ
tent of peas, duglieate $:amp3.-,es ‘of the Laxbon's Progress varlety
ig three stages of maturity were gatharéﬁ and tested ;‘when they
; were small tender and had not reached optimum maturity, when
fully mature and over-mature. To determine the varlation in
ascorble acld withip the mature stage of peas and cabbage, a record
‘E was k@yt of the dgte and‘tha‘daily averége-eentent ﬂf;ﬁﬁéh.varieﬁy
over the exp@riman%al pariod,

The extent ef variation in the vitamia coaaentrution through~
out ﬁhe head of cabbage was tewted‘ The coarce outer 1eaves of

five haaﬁa were removed and samples of the core and inner and
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out er ﬁiésﬁés of each head aﬁal?sed¢
To detormine how long vegetables way be kept in a refrigerator
without losing ascorbie acid, refrigerator storage tests were
earried out on cabbage and peas. ?hreé'varieﬁies of cabbage were
gathered, cut into guarters and four determinations made on each '
head 1mmadiatelyq‘ The seeﬁienﬁ_wexé wxap@ad‘in wexed paper and
kept in the refrigerator for six dayg,‘ané'deﬁermiﬁaticas m&aé on
‘ezch day except tha third. DPods of the Laxton's Pragrass varieﬁy
of peas were gath@vaé apd four detaxminatiaﬁs made immediataly& |
The rest- ef ﬁha y@@ﬁ Were a%ored in a refrig@rater f@r four days,
and samples were analysed daily. o B
| Fotatoes and winter cabbage were stored iﬁ a root=house about

the end af sayﬁember. They were anaiyaé@ at the time of sﬁérégé
and th»m once avery month uﬁtiﬁ Aprii. A mininum of four petatoes
ef each varieby were analysaé eadk %ims, but in the case of
eabhaga there were feswer heaas go that only two Danish Balzhead
and one P@nnsylvamia State Ballhead were tested at one bime. o
| Lincoln variety peas were preserved when thﬁy reached optimum
maturity in pint sealers using & pressure cookers ?eaﬁs were made
on the peaz before canning, and om the preserved product severaz
tzmss during the winter, To compare these values with those of
Sommereially canned products, seversl brands of cenned peas found
on the retail merket ﬁi‘%inaipeg were analyseds In cach case two
- sampies of the vagaﬁable and two of the 1iquild were testeds
| Cooking tests om stored cabbags were carried out according to
the method suggested by ﬁsﬁai*and.Waddelli (65) The cabbage was
quar%ered and-ﬁhevear@ remsved. See%isns from eypmuite quayters

ware,sheﬁpeﬂ cearsely,.nixad together, and raw samples wers anau



lysed for ascorbic acid and dehydroascorbic acid. Three 40 gnm.
and one 5 gm. samples were welghed, tied in loose cheess;cloth
bags and cooked together in 500 cc. of tap watar in an uncovered
enamel saucepan. The ratio of Watér to cabbage was therefore
4:1, The cheesecloth bags elimineted the cooling period neces;
sary to weigh the sample accurately, during which time the as-
corbic acid may be lost by oxldation. 4Also caleulatlons may be
made directly on the raw welght basis, The water was boillng
‘when the éamples were added and they were cooked for nine minutes
after it refurned to the boll, Affer cooking ﬁhelwater was
poured off and measured, and samples of it determined for ascorbie
acld and dehydroascorbic acid. One 40 gm, sample and the b gm,
sample of the cooked cabbage were determined for ascorblc écia
and dehydroascorbic acld respectively. The oﬁheﬁ two sampies
were kept hot in pyrex dishes in bolling wabter for thirty and
sixty minutes, and then determined for ascorblc acid, Nine tests
‘were used to obfain the mean figures for the cooking tests, five
tests to obtain the values for the loss on standing wnd three to
find the dehydmascorbic acld content. _ ‘
Cooking tests were also carried out on fresh swmer cabbége,
using a ratio of wabter to cabbage of 4:1; to eompare.the retention
of the vitamin in the cocked fresh vagetablé. with that of the
gooked stored vegetable. The effect of adding salt to the cooking
water was studied, Duplicate samples of cabbage were praspared and
one was cooked without salt and the other with one-half a teaspoon’
- of salt added to the cooking water, The mean values were obbtalned
from the results of four tests.

One brand of frozen raw peas were analysed for ascorbic acid
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&;aﬁé@hydr@ase‘axbie acid, and cooklng tests W'aramadaf on the frozen
vegaét‘ab‘la by adding them to bolling water before defrosting. E*h:aa
40 gn, and one b gm. samples wers w@ighad, tied in lcose cheesew
¢loth bags, added %o 500 cCs of boiling %ap wabter and cooked J;Ea,r
eight minubes after the water reburned to the b@ilbv The 5 gme and
one 40 gme samples were analysed for ascorbie acld and dehydro=
ascorble acid respectively, and samples of the water were also
tgat_ed for both forms of the vﬁ.-i:ami.m th.e mshez: two samples were
gooked for sixteen and twaﬁty#i@ng’ minutes and then analysed along
with water samples for ascorble acid onlys |

In the case of cooking tests om potatoes, the vegetables were
peeled and raw samples tested for aseo;i:b:i@ acid and déhydréaaé@?bia
acids Two pleces of spproximat-ly 40 gm‘ and one piéee of 5 gme
were weighed for cooking, amd the volume of cooking wab er used
was four fimes the total welght of végeﬁa@l& The samples wers
added to bolling water in an enamel saucepan and cooked with the
11d on. The small plece was cooked in fourteen minutes, and was
removed and anelysed for dehydroascorbie acid, while the iaa:-gﬂe;z;
Pleces tock elghteen minutess The water was then poured off,
‘measured and samples of 1t det=rmined for ascorbie aeim and Ad’ehy;
droascorbic acid, One of the large samples was énaiyseé mme..
dlat ely after eooking for ascorbic acide | |

The ascorbic acid refention im gooked freshly harvested pata;
toes was tested to compare it with the retention in cooked stored
votaboes, The vegetables were peeled and cooked in a ratio of
water to vegetable of 4:1, »@ae;hai,f of the vegetable was cooked
immediately and the other ha;},# cooked in t.p wé&:ef for two hours.

The water was them poured off, and the vegetables cooked in fresh



ﬁga‘{;erﬂig_ztﬁa manner deseribed a‘z;am;g, Three {:ezzts were used to .
obtain average velues, The ;eff%}b of spaking potatoes without
~ sooking them was tested by spaking emg’a&;ﬁ‘ of four potatoes in.
tap water for three hours and ﬂ*&;wﬁ testing ‘faz;- ascorbiec acid.

The other half was analysed immedlatsly.



Results and Discussion

| The ascorbic acld conbtent of raw, matur: freshly harvested
cabbage, peas and pﬁtaﬁaéa grovp on the Unlversity éampﬁg at
Fort Garry has boen surmerized im Table V. _

A wide vamaﬁim within each variety of cabbuge was found,
and the meen values for five varietles varied from 34,7 to 49."?“
mgm. per 100 gms This renge is lower than that reported for a
much larger number of varieties by Burell, Bbown and Ebright (10)
and Maynard and Eaavsoa' {46), as shown in E’a’blé I, but are more o
gomparable to the results of Gould and Tressler (19) and Hollymen,
Brodie and Willard, {24) The Danish Bsllhoad and Penpsylvania
Sﬁaﬁe Ballhead gontont of winter varietlies, was gonsl sbently
higher than that of summer varieties, Copenhagen Market, Garden
Apre and Jorsey Wak@fié};&w This sgrees with the results of Burell

ot als, (10) but is the reverse of those rcported by G
Tresslers (19) The ?i’t:amm ¢ eontent of the Ballhoad varieties

ould and

- ¢ompares well with that found by Hollyman et als, (24) but was
higher then the results of Gould and Tressler (19) and gamxéer; -
ably lower tham those of Burell et al, {10) 0f the sumer vaﬁe‘kies,
.;frsazesey Wakefield was found to have the highest ascorbic acid e@nﬁém o
while the content of the Golden Acre variety was higher than that
of Copenhagon Harket. This wag alse reported by Burell ef ale {10)
The ascorbic acid content of fresh raw mature poas was i’muhd ‘ |
to vary meorc within a variety than between varieties. The mean
 sonbent of five varisties showed a variaiion of £3.7 to 33.3 mgm,
per 160 gm., which agrees with the variation reported in literature
' =2B=



TABLE ¥

THE AZ CGRBIC ACID COI‘?T?I*I!{‘ OF RAW CABBAGE P.E&S AﬁD ?{Bfm&?OES
m@*& AT THE WIVEKSITY OF MANITOBA

i

‘ Number of

Vegetable

Variety

. Fegotables

or Lot -

ﬁaﬂga '

Aacorble Acld mgm. per 100 gm.

Mean

Cabbage .

 Peas

- Potatoes

Copenhagon Market
Golden Aere
Jersey Wakefleld
Banish Ballhead

Penn. State Ballhead

Laxton's :ng:m%
Little Marvel
Telephone

Wiscs Barly Sweeb
Lincoln

Golumbia Russet

Irich Cobbler

Warba

s Go;

10
n
1

rwes

B0 Tmdde 4
BYeBmdT B

o B e Bmb%eB

19.1=31.7
£Be6=3449

R2e28=38.9

11.8~15,3
18.0=23.3
1640=20.5

34.7
38.+4
42.0
45.3
49.7

23.%
2540
28 l:§
29 o ?

B33

18.6

w29 -
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as shown in Table I. @hﬁ_xincgin variety contalned the highest
average ascorble . acid eontent, while_the véluas fer'Laxtﬁa’s
Progress and Little Marvel agree closely with those reported
by Van Duyne, Bruckhart, Ghaqa and Simpsons {76)
~ The variation within potato varieties was less than that
noted in the other two vegetables because the ‘vitamin changes
over a period of time @suld not be considered. [The mean varie-
tal values vary frem,lﬁg¥ ﬁa lﬁpﬁ whieh are within the range
reported by Julen {30) and close ta the mean value for six va-
rieties found by Murphy. (62) They are higher %hé&'ﬁhe values
| reported by Esselsn, Lyons aﬁd Eeilarsvflﬁ}:anﬁllewax then thoseé
of Lempitt, Beker and Parkinson (39) and Murphy, Dove and Akeley.
(53) The Irish Cobbl or  and Warba varieties wewulc@asist@ntly
highﬁr in asﬁerhie acid than the Columbia. Russet, and aampared
well vith the results reported im literature.
Samples of cabbage and potatoos were sent frqm a number of
| disﬁriets of Manitoba and analysed for ascorble aeid. Phe results
~ef this study ave shown in Teble VI. Although bhe nmbez of
.'Vegaﬁablﬁs aasayad was smali and @nly oaé sample lsﬁ from each
acld eanaentratioa exista withia & variety of & Vantable. For
Danlish Ballhead cebbage a ?&riaﬁi@a of 274 to 73.0 mgm. per 100
gme was found with an average of 49.9 mgm. per 100 gm, Although
“the variation between distriets is greater than,that}sk@wa for
cabbage grown on the University Campus at Fort Garry, ﬁhe_msaa
values agree well, _ ‘
In the case of potatoes a variation of ?;@_?@ 2240 mgm. per
100 gms was found for the Warba variety, and 8,2 to 1846 mgm. per
A\



| TABLE VI
THE ASCORBIG ACID CONTTNT OF RAW VEGETABLES FRON

' Vegetable

ﬂumher7e£

Yegetables
4nalysed

- Ascorbic Aecid

Range

Mean

Cabbage

Polatoes

panish Ballheed

Warba

Irish Cobblex

Gilbert Plains

Lyleton
Pipestone

'-ﬁauphin

E&iekaéala
Fort Garry

Districts Mean
Gilbert Plains

Lyleton
Pipestone
Lenswood
Grystal City
Bricksdels

Distriets Mean
Grystal City
Ericksdale
Fort Garry

Districts Mean

00 4 v DO 8 €2

i O b

mmwww%w

small
heads

: 1542
© 1346

16,0

415 ~ 45.4

6448 = 82.?
4 ‘» &' @
6le3 - 71 0

" 4@#5 - B%eb

7.8
24.7
10.4
1643
8447
79
20.5

6.1
65

1943
645

Py 10

12.1 - 2849

8!&1 - 802
1840 = £343

¥

4345
7540
61.B
66.2

' 27.4
C Z2eY
4543

4949

7.0
19.2

8.5
144
£2.40

7.1

1849

13,9
17.5
18.6
14.8

sy
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100 gm. for Irish Cobblers, Although large these variations agree
welx with those reported in literature as shown in Table I.

The results of this study =nd those of other investigators
show that a very wide variation in ascorbie acid coacentrwtion
_axists within a variety of a vegetable, Ewynard and Beeson (41)
and Burrell, Brown and E “bright (10) repor@eé that while genetie |
1nf1nences affected the ase@rbie acid variatisn batween varieties,
anviranmen%al factors were influentisl in varying the cantent
within a variaty. of these factars, 1ight was reported to be the
mst effeative, Kar:lkka, Dudgeon and Hauk (52) and Murphy, I:mre
and Akeley (53) have reported that the average caﬁteﬂt 6f the
same vaxieﬁy of potato Vafiaa with different years, These £1né-
1ngs may partly explain dilfferences in the ascorbic acld content

- ef vegatables gxnwn in various plaaes, Another-fact@r which is
”'them aagleateﬁ is ﬁhe sampliﬁg fschnique used, A sufficign%
number of nge%ahle lots, numbers of yegetablas within a lot and
number of samples within a vsga%abia_mnét beAta%ted to ébtaia a
true picture.af varietal differences. |

It bas been reported by Bessey (4) and Mack, Tressler and King
{74) that the ascorbic acld content of peas deeresses with mstu-
ritys Table VII shows the average ascorbie aeid content of the
zaxmen’a Progress variety @f  peas, in the undarurips, ma%ur@ and
everuripe stages of maturity., The ascorﬁie acid content at each
stage is aignifieaa%ly éifferenﬁ and -decreases with mmtura%:mn.
The difference in ascorbic acld between the under—ripe and over=-
Tipe stageu was fifty per cent. The Analysis of Variance to show
the signifieanae of dlfference betwaan the stagea of maturity 1is
shown in Teble VIIT. |



i By
TABLE VII

THE EFFECT OF MATURATION ON THI ASCORBIC
ACID CONTENT OF PZAS

“Degrae of Mafu%it& Humbér’ef ‘Ascorbic Aelid =
A S : Samples v mgm. per 100 e

 Tender I S 24.5
Mature & | 19.5

Over-mature 2 o 11,9

TABLE VIII

| ANAnzsxs OF VARIANGE TO SHOW THE SIGNIFICANT DIFFFRENCE
' "~ "BETWEEN THE ASCORBIC ACID GONTENT OF
THREE STAGES OF MATURITY IN PEAS

. S@uree af ’_$um of Degrses of Mean B per aeﬂe
Sam,of Sguares - Squares ~Preedom Square F poinﬁ

Stages 156.38 2 78,19 29,07  19.00
Puplicates Qe4d3 1 - 043
Error 54,37 2’ 2.69

‘Total 162,81 5

It is chsrefore eancluded that the diffarances b@ﬁwean the
stages of meturity are significant

' Stages of Maturity
- , A _B . g Co
duplicates 1 LT 19,8 I0.5 549
48. | 3940 2%.8  111.4
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TPable IX shows the veriations in the ascorble acid content
within two varieties of peas, i the mature stage, and Figure 3
shows the graphg' of these varz’ga*&ians. Q‘he} ascorble aclid concen-
tration 'of the Lincoln variety decreaced éweﬁtﬁsfivé ﬁér cent in
tweﬁty;eaa days, vhile that of ﬁhé Little Marvel variety deereased
thirty per eent in eleven dayse | »

Table X,showa a simjlar éaereaae in the asearbie acid con-
centration of maturs sabbage, and Figare 4 shows ﬁke grayhs of
these decreases. In one month the ecnteat of the Golden Acre
variety decreased twenty per cent, while that of thé Jersey
'Wakefield decreased fifteen per cent in three wseks, and the
%p@nhagwn Harket twenty per cent in twe weeks, .
| The variations within the head of & cabbage were also deter-
mined, and the results are summarizged in Table XX, The ascorble
acld concentration in the core was forty per éenﬁ higher then 1in
other parts of the cabbags. The content of the ouber tissues
tended to be a little lower than that of the inner tissue but the
difference was mall. |

 The results of .rsﬁﬁgeraﬁmr storage tests are shown in Table
XII. There was no change in the ascorbie acid cente&% of the peas
for t‘hrae days and then an abrap’c loss of tweaty-—five per cent on
the fourth days For sach of the three varisties of sabbage there
was a z’ise“ in ascorbie acid value durigg ﬁhe,f‘iré*& and second day,
A slmiler rise was reported by Lampitt, Baker and Parkiasonfia?)'
and Van Duyne, Chase and Simpson {77)« The former suggested that
weigh‘b changes in the head causé@ the apparent increase in the
vitamin. After six days storages, there was a loss of only ten per

cent for the Golden Acre variety. These results show that unshelled.
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’,L‘ABLE IX

?H‘E VARIATION IN THE AC‘CGRBIC AGID CGEW Eﬁ‘.‘ OF
TEAS WITHIN THE MATURE STAGE

Variety : Day o mgm gsér 100 gm.

3907 .

Bled
- B945

34»1

27.8
28 .7
22.6
2548
2041

Lineoln

Blam

Little Marvel

P _
g Y B

TABLE X

PHE VARIATION IN TBE ASCORBIC ACID CONTENT OF
CABBAGE W}ITEI}I TEF‘ MATURE. STAGE

 Vertety | Day o *mgm por 100 gm;

‘Golden Acre 1 o Bed
o : 13 : 325
29 30,7

Jersey Wakefield i 4648
o B, 14 8843
2l _ 3742
24 59+4

Copenhagen Market 1 : 3940
14 ' B0+ 4
16 ' 3046
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TABLE XI

THE VARIATION IN THE AJQGQBIG ACID CONCENTRATION
WITHIN FIVE CABBAGE HEADS

e Asaerbie Aciﬁ mgms per 100 gm.

Part of Cabbage
. o Ranga o Moan

Core” | 8.0 = 101.9 88.1
Inner Tlssues o B9.7 = 59,9 ‘ B2e2
Outer Tissues - 40.9 - 57.8 48,5

PABLE XII

. THE EFPECT OF REFRIGERATOR STORAGE ON THE ASCORBIC
| ACID CONT:NT OF PEAS AND CABBAGE

T e T ~Wean Ascorbic Acid
Vegetable Variety | Day mgs per 100 gm.

- Prash ’ ' 2356
22.8
22,4
16.9

- Fresh 20.7

: ' 3443
31,0
B1.3
2746

- Fresh 39.4
4347
42,1
3943

« Fresh 54,6
3240
41,0
3149
31 8

Feas o Little Marvel

Cabbage Golden Aere

Jersey Wake~
field

Copenhagen
" Marke%

CUPI OOBDN COPNHE DR |
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peas can be kept in a refrigerstor for three days with no loss 1n
asgorble acid, and cabbage wrapped ln waxed paper will lese little
or no ascorbic acld in =ix days.
) The effect on the ascorbic acid content of cabbuge and p@taﬁdes
af‘roa€h0use storage for six months was summarized in Table XIII.
There was little change in the ascorble acld conbtent of elther
variety of eabbage during that time. Both Bessey (5) and Van
Duyne, Chase and Simpson {??; reported a loss of 10 per cent in
one month's storage and the latter group of lnvestigetors ‘reported
a lost of 21 per cent in three mcnthé; In spite of the fact that
a amall mumb A7 of hoads were anaiyseé each time,-only one in the
ease of Eeasyivaﬁia State Ballhead +~ the Variatiaﬂ was smell sh@w;
'1ng that the wide discrepancies found betweea freshly harvested
eabbage tends to lessen on $ﬁ®rdg$§ The high vealue f@r the aseorbic
_ acid sontent of the Danish Ballhead veriety in the month of
Nov-mber and the Pennsylvanle State Ballﬁﬂaé in December may have
been due to the smali number of vegetables analysed, or to an in-
crease 1ln obther dye-reducing substances as suggested by W@k@a, ‘
Organ and Jacoby. {(B3) Graphs showing the rate of loss in ascorbic
acid in é@taﬁ@es during storage is shown im E&guré Ba

The loss in aaqarbie acld duying the sborege ef‘@sﬁataes for
six months was 54 per cent for Columbia Russebs and 62 and 67 per
cent for Izish Cobblers and Warbas respectively. These losses
agree falrly well with those reparé ed in literature, HEsselen,
Lyons end Fellers {13) and Julen (29)

The effect of cannimg on the ascorbic acid concentration of
peas has been shown in Table XIV. Approximztoly one-third of tha

original ascorbile acid acn*ent was rebained by the vegetable, ane-



 PABLE XIIT

THE EFFECT OF ROOT-HOUSE STORAGE ON THY ASCORBIC
ACTD CONTENT OF CABBAGE AND POTATOLS

Vegotables |

Cand

Variety

‘@scorﬁieiAcia~mgn§#par 100 gmc‘

Octa Hove '-ﬁee@: R Y < 7S Feb. Maﬁ@k

~ Cabbage

Danish
Ballhead

- Penn.State
3&11h§ad
Potatoes
ealuﬂbia;'
Russet .

Irish
Cobbler

Warba

No, of
Sample s
Range
Mean

No, of

Samples
Range

Mean

‘fﬂb; of
. Samples
- Range

Mean

No. of

Samples
Range

Mean

Ho., of

Samples
Range

Mean

5 -z P “ & 4 _3;3 .
49‘3“&505 52!&#61@3 43@555108'45Q9i54‘6 4@@5;5701 4539?5305

581 0"5612 aew - e ) . t.« » 0 .
fj49g?’ 46,9 63e4 4949

4 s s . B .
11081503 1221%13:3 4e4=T721  4e1-7.0 ese  ba
15,? 127 640 5q9 cin

- S Y- S
18j0?2503~ 5%9*11&? ‘8@5519&3 8&3@909‘ P ' 501;10n5
: 18. 6 Bl 9 05 . 9& ‘ see ) ?i 1

4 3 B 2 aen g
16e0=20e5 4e1-9:3 TaT=T7e9 5e9=7.5 see
' 18;9 569' : 71@[’ '664 - %

«40-
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" PHE EFFECT OF CANNING ON THE mcmmc ACID
| CONTENT OF PEAS

. —BRew  reas 19 R L= X
Yo. of Semples 4 3 5 5 3 3

Renge 2149925.6  7a9-B.9  8uBel4eB  DB.0-57.0 25.5-42,7 20,5595

Mean 24.1 8.4 114 85,0 31.9 B3l

~42=
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' th&rd dissolved in the liguid, end cna~third d@atrnygd; This is
a 1ittle lower than the destruction reported by Fellers and
Stepat (12) but within ths range gi#en by Bessey {5)s» The ascor-
bie aéid and dehydroascorbic aclid content of the camned product
has been sarmarized in Table XV. The avoerege dehydroascorbic acid
sontent of the peas was approximately twq;thir&s_as greut as the
ascorbic acid condéﬁﬁf&t&ea, while the smount 1a the 11quid was
relatively small., A ccm@ariaan of commerei: 1lyheanaad and h@ms-
canned peas, in relation to the aseerbie acid is shown in Table
X¥I, Since the size of the pea, and the grade as well as the
brond of the commerclal products varied, the average figures for
the whole gr%uﬁ have been used, Siightly more ascorbic acid was
found in the hamaéaaﬂaad'vr@duat than in commerclially canned peas.
No éehydr@&scsrhi@ acld was found ia elther the vegetabia'@r the
iiquii of the aammeraialiywcaanad product. ?ﬁe total ascorbic
acid, which includes tHe ascorble acid plus ﬁhe‘d@hydr@asaafbie,
aclid coneentration for thé hama;éanaed peas has also been showne
i The percentage of ascorbic acid found in the peas was appr@xi;
mately £ifty for both types of canning, while the percentage of
fotal asearhie acld ia ﬁﬁe home «canned peas was sixty per cent.
@he'aﬁf@eﬁ of e@ekﬁﬂg on ﬁha‘ase@rbiﬂ acld content of cabbage
 has been surmarized in Table XVII. The retention of the viﬁamia
in the eaakmé ve@a%abiw varied from 37.4 %o 8345 per cont, and
the asmount dissolved ia the eﬁekiag water ronged from 26.6 to
50+3 per cont. These results agree well with those reported in -
literature as shown in Table IIs The amount of ascorbic soid
destroyed during cookinmg varied from 1«3 to 35,2 per cent, and
& similarly wide variation of 4 to 35 per cent has been reported



THE ASCORBIC ACID AND DEHYDROASCORBIC ACID
. CONTENT OF HOME-CANNED EEAS |

Reas  Liquid  Feas Liguid

No, of Samples 2 - .2 2
Range  .9-8.9 8.8-14.8  4aT=6.T 0=247




A GOMPARISON OF THY ASCORBIC ACID CONTINT OF
COMMIRCT ALLY~GANNED AND HOME-CANNED BEAS

peas

Aaeerhic Asi& @g@;_@@r‘lel g@.

Lt quié{

. ;e%g

Liquid

Commeyrcial
Bome~Canned

n Total Asc.iCe

. g | .
GeR

Bed

N 3";‘

13, .1~3.§; 6

.4

- s.@«i@;.ﬁ

11.1

5;8—14.8
1l.1

R

13&5*3:4»@ ’

132

’ *Q

 4B,256443

51.5

4640-58.0
b2.8

2
5%: ?"5@ 2

60.0

-
41.9*»54« 1.
48.8

4%.8

< ’ a -
?b’g




THE ASCORBIC ACID CONTYNT OF COOKED CABBAGH

Aseorble Aciei g e per 100 @v

 Weter

A.sggrbic té_icié Per ﬁe.m;“ o

Retained Dissolved Destroyed

No. of Samples
Range

Hean | |

286

9 9 , 9

45.6 40.1 = 14.4




in li‘keratara. , ,

A somparison was made between the retention of ascorbic acld
it% cooked fresh eabbage and cooked stored cabbage, and the rasulta
summarized in Table XVIII. There was no di;ﬁferenea between the
retention of the viﬁamin in the cocked . fresh vegetables and that
retalned by cooked stored cabbage. This shows that 1f "apparent
vitamm C" was fmaé during sﬁoragea, 1% does n@% affi:’eeé the
retén‘bien of agcorbig acid in the a@aiﬁed product,

- ‘The dahydmaawrbis acid content of aa‘:}baga has been sume
mammd in Pable XIX, Iin »b@th the raw and the ewk@d vegetable
the econcentration of dahydmasac):ﬂ‘ble acid was abem: twenty per
eeafs of the ascorble acid cont em;, while very lﬁstle or none at
all was found in the w&%ez‘.

-The effect of keezamg cooked cabbage hot for thirty and sixty
minutes af"wr e:aikmg has been sam»&jﬁad in %ame XX, The addi-
tional Xess m “x;hirﬁy ninutes was g.a per ‘cent, aad in s.ixty
minubes it was 2l.3 per cemt. The total destruction dur;gxg the
cooking and holding for thirty minubes was 67.3 per cent, and
79+4 per cent in sixty minut esy This shows the great da.s“émétian
of ascorble acid which would be encount ered when the v&g&ﬁa‘nié
wés kept hot om a s{:eam;ﬁabl Ba 'i‘hé dasﬁructioxt was greater than
the 60 per aem in aae hour reported by Lampi% Bakax* and
Parkinson (21 ), &l}.ea and Mapson (1) and Gllivar, {56) but agrees
with the results of Hollyman Brodie and Willard. {24)

The effeet of adding salt to the eoaking Wataf'éf eéabbage
has been summarized in Table XXI, The retention of asgorble acid
in the vegetable was fourteen isér ¢ent higher when salt was used,
Table XXII shows the effect of salt in the retention of ascorbie



%AB&E VI EI

THE RE@LKTI@& OF ASCORBIC ACID IN GQ(} ?RE&'&
~ AND STORED GABEAGE : S

Cabbage émm:b@ié Acld

Raw %@Reé " Retention Per Gent

Fresh  No. of | |
o - Semples B R 5
e B242438.8 14,7158 B .148,9
Keaa BhLE i5.1 44'2

Stored Ho. of |

’ ‘ Samples 9 9
Raﬂg@ - : ﬁﬁ“gyt 15 og—ﬁ oé .y 4 .5~51.2
Mean 49,7 : 21.1 2

4546
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THE DEX

YDROASCORBIC ACID CONTENT OF CABBAGE

No. of Samples = | B s
Heen . B0 A 540 e2%

o diGm



TABLE XX

THE EFFECT OF HOLDING CABBAGE AFTER CGGKIﬂﬁF ON
THE A?C@RBXG ACID CONTENT

Rew  Gooked Cooked Held - Jgexa

Smpms & 5 B 5 b -8 R

Renge 40.5-57.1 1528742 10.1-24.5  2.8=17.2 B7.5-51s2 24.9-45.7 T.2-30.1
Memn 49,7 2L 1646 10.8 4.5 s2.7 20.6

-5@-



TABLE XXY

THE EFFECT OF ﬁALT ON fﬁi f{F@FN@IG}E oF ASCGIG
: ACID IN COOKED CABBAGE N

e por 100 gme Ascorbie Acid

_Ascorble Acid mp
Rew Gooked  Water  Retained For Cent

Ne Salt  Ho« of : ' _ o
© o Semples S 3 . 4 4 - 4
Ejaﬁg@ ' 38’24;-38 QE_ ' 14. ?‘354 g 5. ?*?Q 4 38 « 1*48.9
" Hean - 38,5 1541 66 44,8

- Sa3t  No. of - _,
| Semples 4 4 4 4
Mean B4y 179 44 5@.5 -




TABLE XTI

THE EFFWGT OF SALT ON THE RETENTION OF ASCORBIC
. - ACID IN %@Kﬁiﬁ ERAS .

orbio Acid mem. por 100 gm, ~ Ascorbic cid
‘Raw ' Gooked Water Retained Per Cent

* Fo Salt gﬁ"* oF

BB 8wd3e0
38.7

2B+ 0-2644

| 255
Selt

2548
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scid in cooked fresh peas. The peas cooked with salt refalned an
average of seventeen per cent more ascorbic acid than those cooked
- without salt. The roetention in unsalted peas varied from 35.2
o 48,0 per cent which is a 1ittle Lower then the retentlion re-
perted‘by Bessey (5) and‘Ea&tan,_é@ssslegigad King, (17)
| The ascorble acid content of frozen peas Wwas sumerized in
Table XXIII, The concentration of the vitamim in the raw frézen
vegetable was very small, and much lower then thet veported in
literature as shown in Table I. _ﬁhe<retantieé éf_asaerb@é acid
in the cooked peas va@iea bebween 48.2 and 70.3 per cent, which
agrees with the resulbs fgportéaji@.%hevii#§ratare as summarized
in wabig.llg The ascorbic ggiﬁ_diésarveé'in thevcoekiag‘water.
| agweve;f, was found to be very high whiehw& to am appavent gain
in ascorbie acid vather than aldeétru@ﬁiﬁéi ﬁhe cause of this
spparent ingrease s not lknown, b_;gz%; 1t is suggested that it may
be due to the f@mfsi@n of "apparent vitamin C" during cooking
as reported by ﬁuba,‘ﬁunter‘anﬂ E?a@ieg {?55 M
The effeet of cooking on the gspexbiéiagidve@geantxasion.ef
stored potatoes has been aummarizéd in Tavle XXIV. The retention
of aseorbic acid by the cooked vegetable varied from 50,4 to 87.2
- per cent, This egrees well with the results reported im the
literature as shown in Table I;? whioh vary from 53 to 87 per
eents The amount of the vitamin dissolved in the cooking water
was found to be very high whigh led to an apparent gals in aSGGE;V
bie acid, such as was found in the case of frozen peas.
- The ascorbic acid content of freaﬁly bharvested potatoes was
summarized in &able‘xxv. The average retenﬁion by the uncooked

vegetables was considerably lower than the average retention for



THE ASCORBIC ACID CONTENT OF COOKED FROZEN PEAS

T Zscorbic Aoid
 Baw . Oooked . Water Retained Per Cent

No. of Samples B8 B KN | B
Range BTeef 1,3-3.3  0.0-240 45257045




. TABLE IXIV
THE ASCORBIG ACID CONTINT OF COOKED EOTATOES

S S e LA ‘_aé}lsw;:b:m Acid
Raw ~ Gooked Water Re$ained Per Cent

Meen 7.8 B2 3.0 70.1




THE EFFECT OF S0aK]

PABLE XXV

~.i’€§ AND COOKING ON THE M@CREI@
.&ﬂ CONTEND l? POPAROES

Potatoes

_Ascorble Acld
Retained Per Cent

‘Eﬁﬁ&k@@

S@Ekﬁé,.

Samples
Renge

Hean

. Range

Hean

R
49.8-58¢4
-§3k§

58»4&-&&»%
6041
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stored vegebables, bubt within the renge found, There was also an
apparenb gain in ascorbie acid similar té the one found in stored
potatoes, . ' |
| The effect of soaking potatoes in tap water has been summarized
in Teble XiVI., No difference in the ascorbic acid content between
‘sosked and unsoaked potatoes was moted. Eowever Table XXV shows
the effect of cooking potatoes affer scakings The percenbage
retentlon of ascorbie a.aiclf‘ by the vegetable was fézmé te ve fow;
teen per cent higher in the soaked potatoes than i bhe ansoaked
- Pable XXVII shows the effect of peeling raw potatoes end
'm@s‘iﬁs them to the airs There was no chamgé, in the ascorbic
8cid eantent after forty-2ive minutes exposures |

The dehydroascorble acid content of potatoes was found to be
very low with a variation ef grom O to 345 mgme per 100 gm in
the raw vegetable, and none at all im the cooked vegetable and
ecooklng waters : -
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PTABLE XXVI
THE EFFECT OF SOAKING POTATOES IN TAP WATER

Ho. of Samples , 4 4
Bange B20=8:9 " 4aBegel
Mean ‘ 7.0 7.1

PABLE XXVIT

PHE EFFECT OF EXPOSING %EI«E@ RAW POTATOES
, ﬁ‘ﬁ THE ﬁlﬂ




_ A vegy wide varia%ioa exisbs in the ascorbic acid ﬁ@ﬁ%eﬁﬁ of
raw vegsﬁahles, not only between varieties bub also within & Va-
' riety‘ There is a gradual decrease in the vitemin conceatration
during maturation of both peas and cabbages The high@st goncen~-
: tratioa founé in peas was when thew*were small, tender and had net
raachad full maburity. Although differences in the vitamin con-
eentraticm throughout the aabbage head was n@ﬁiead the average
cont ent Bf the inner and outer ﬁiwsa@& differad vory li*tle,while
the content of the core was forty per cent nigher than that of
@%heﬁ tissuess | |
There was no loss during refrigerator storage of peas for
three days, bub an‘ahrn@t deeraas% of twanﬁy#ﬁi#e per cent was
noticed on the fourth deys Gabbage was faundvté keep for six
@aysuWi%h very iietie or no 1ass,ia the vitamine . %bara was 1o
>1éss iR the ascorble agi&Aéent@nﬁ‘gg %wa;#ari&%ieg'af.aabhéga'
auring ma‘#éheua.@ storage for six monbhs, while pobtatoees, on the
other hand, lost fr&m fiﬁﬁy&ﬁcur tﬁb$i3£y§33?$n>?5f cent during
this tmme; with the greatest decrease during the fira# two months.
During the sanning of peas apyr@xjm&tely one-third of th@ _
‘ﬁrigiﬁai vitemin content was rebained by the vegeﬁabla, enﬁaﬁhazé
dlesolved in the 11qaid and one-third destroyed. The vitamin ,
‘gombent of the home-canned peas was found to be a 1ittle higher
~ than the average conbent of a grcuﬁ of gaﬁmercially;e@anad pre%
@ﬁéﬁs fauﬁd on the Winnipeg vetail market, In both types fifty
per comnt of the vitemin was rebained by the ?eas and fifty per
gent disgsolved In tﬁe 1iquid, '
| ﬁﬁ%%f
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- ?ha xatentiﬁn of a“earbia acld in potatoes after egaking was
the highest of the thres vagetable e &varagiag aeven%y per eeaﬁ.
Gabbage ret.lned an averege of thirtyhn&ne per cent of the @rigiﬁ
nal raw‘asc@xbie acid content. The average amsunﬁvaf the vitamin
in the cocking watoer of cabbage was forty per can§, and the amount
éss%geyed feu?teen per cenb. Erazan peas retalned an'avaxaga of
éixﬁy;eae per éen& of the content éf the raw frozen aﬁaﬁei Ea’ihe
aase of both potatoes and frozen pesas, tha emcunt of the vit&min
dissolved in the cooking water was high, which led to an apparea#
gaiﬁ in ascarbie acld during eaakiag. It is suggested that this
may heve been due te an increase in "aypareﬂt vitamin C"s The
phenomenon mey have been pres&gtvaxs@ in cabbage tests, ‘but because
the originel gsaarbiazaeid content was high, éﬁé the lots’ in
Qe@king large, it would not be evident.

There was no difference in the retention of ascorble acid
during the cooking of stored @r fresh eabbag@ and petatoes. Thig
suggests that ab “apparant vitanln O" was formed during the
storage of the raw vegatables,

Mo change in the ascorbic acid emneéﬁﬁxahicﬁ‘wag feuéd during
the seakiag of potetoes for thres hcars in tap wafer, However
Whén‘#hé goaked vegetables were cooked, the retention éf the
vitamin in the cooked product was consistently hig h@r than that
of the unsocked sempless Exposing pobatoes for forty-five minutes
in the sir caused no loss in the ascorbic acid aanean%ratian, even

though the vegebables were badly discolored.
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