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THE EFFECT OF AN ALKALINE PROCESS ON 
CERTAIN WATER-SOLUBLE VITAMINS IN 

PEAS AND SPINACH 

I. Introduction 

The change of oolor in canned green vegetables from 

the natural green to an "olive" color has long been a 

phenomenon that the food industry has sotight to prevent. 

Various workers have developed methods of preventing 

this change but they all resulted in other characteria- 

tics which were undesirable in some major way. A suc- 

cessful method was devised for the first time when in 

1939 B0m9  300*000 cases of peas were packed in the 

United States and Canada by a process that had been 

developed by J. S. Blair (j)* 

In principle, this process takes advantage of the 

fact that a hydrolytic decomposition of chlorophyll, 

with a concurrent loss of the pigment magnesium, takes 

place in acid solution, and does not take place in alka- 

line solution. The chlorophyll is thereby protected 

from decomposition and the product retains a large pro- 

portion of its natural color. 

The Blair process, which has been developed spe- 

cifically for peas, and needs further modification be- 

fore it can be successfully applied to other vegetables, 

consists of the following major steps:  (2) 
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1. A pretreatment, involving the immersion 

of the product at room temperature in 0.19 

Molar sodium carbonate for thirty minutes* 

2. Blanching in a 0.0005 Molar calcium hy- 

droxide solution. 

3. Processing the product in a 0.025 Molar 

suspension of magnesium hydroxide. 

This procedure also differs from the conventional 

canning method in that it requires a "short-high" pro- 

cess, such as seven minutes at 260oF. rather than the 

customary process (for peas in No. 2 cans) of 35 min- 

utes at 2^0°?. (2). 

Although this process is efficient in maintaining 

the green color of vegetables, it suggested a destruc- 

tive effect on such vitamins as thiamin, riboflavin, 

and ascorbic acid, all of which are known to be un- 

stable in alkaline solutions. 

The following work was undertaken to compart the 

effect on the above vitamins, of this alkaline process 

and the more conventional non-alkaline process. 

II. REVIEW OF THE LITERATURE 

In the past decade, as a result of the acquistion 

of knowledge concerning vitamins, methods for their 

determination, and their physiological importance. 
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several investigations have been conducted concerning 

the effect of canning on the vitamin content of foods. 

Clifcorn and Heberlein (5) state that, "Reports 

in the literature on the canning operations can be cor- 

related with each other when the nature and the treat- 

ment of the raw products and canning methods employed 

are parallel". This statement might be amended by add- 

ing; when the size and type of the container, the variety, 

size, and grade of the raw product, and the time and 

temperature of storage are parallel. The correlation 

should also be improved when the same methods of vita- 

min determinations are employed. 

In their survey on the effect of various steps:: in 

the preparation of vegetables they observed that blanch- 

ing and processing are of greatest concern in the pres- 

ervation of thiamin. They took samples fresh and from 

various steps in the process "line" from commercial can- 

neries and assayed them for thiamin by the thiochrome 

method. Peas showed a retention of ^9-67$ depending 

upon the sieve size. The blanch for sweet peas was of 

eight minutes duration at 205oF. The peas were of two 

grades, unsieved fancy and unsieved standard. Lots of 

each grade were processed in No. 2 cans at 2^0oF. for 

35 minutes and 2^50F. for ^5 minutes. The increased 

process temperature and time probably accounting for 

the decrease in the thiamin content. 
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Fellers and his associates (6) reported that thi- 

amin is retained to an extent of 60$ and 71$ and ribo- 

flavin to an extent of 100$ and *J-5$ in peas and spinach, 

respectively. The peas were blanched for 50 seconds at 

2120F. and processed No. 2 cans at 2^0oF,  for 3^ min- 

utes. The spinach was blanched for I.75 minutes at 

2l20F. and processed No. 2& cans at 250oF. for 50 min- 

utes. These vitamin determinations were made by bio- 

logical methods. The report does not indicate the temp- 

erature or length of time of storage. 

Harris, Procter, Goldblith and Brody (g) in a study 

of the effect of experimental canning on the thiamin con- 

tent of vegetables reported thiamin retention for peas 

as 77""92#, and for spinach as 1S-H$. The canning method 

was as follows: eight ounces of peas were placed in a 

can with eight ounces of water. The cans were exhausted 

for ten minutes after the internal temperature reached 

2030F. and were then processed at 2450F. for 30 minutes 

and cooled immediately afterward. The spinachms blanched 

for three minutes at ISl.^OF. It was then drained and 11 

ounces were placed in a can with seven ounces of hot 2.5$ 

brine. The cans were exhausted for five minutes at 167°^. 

and processed at 251.60F. for 4-5 minutes and cooled im- 

mediately. This report omits the can size and storage 

time and temperature. 
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The fact that the peas were blanched in the can 

probably accounts for a part of the thiamin retention 

in excess of that found by Fellers and his associates. 

The increased blanching time may account for the lower 

thiamin retention in the case of spinach. 

The authors found as a result of their work, that 

the three factors most destructive to thiamin in foods 

are heat, oxygen, and alkali, and they recommended that 

food processing, insofar as possible, be conducted in 

an inert atmosphere and in an acid medium, about "pH 

^•5 cX   less" to protect the thiamin from destruction. 

Wagner, Strong, Elvehjem (l6), in an extensive 

study on the effect of commercial canning operations on 

the ascorbic acid, thiamin, riboflavin, and nicotinic 

acid content of vegetables found that sweet peas canned 

in No. 2 cans retained 71-85$ of their ascorbic acid, 

52-87$ of their thiamin, and 63-83$ of their riboflavin 

content. The retention of these vitamins was affected 

by the size, maturity, and grade of the raw product and 

differences in blanching and processing procedures. In 

general, it was found that blanching had a more adverse 

effedt on the water-soluble vitamins than did any other 

single operation. This can probably be attributed to 

extraction by the blanch water, and since ascorbic acid 

shows the greatest loss during this phase, oxidation 
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probably plays an important part for that vitamin. 

Ascorbic acid was determined by the sodium 2,6, di- 

chlorobenzenoneindophenol titration method, thiamin by 

the thiochrome method, and rlboflavin by the method of 

Snell and Strong. 

In regard to vitamin loss in processed foods, Jack- 

son, Feaster, Pilcher (10) observed that the heat process 

employed to effect commerical sterilization is frequently 

and incorrectly considered to exert the major influence 

on the vitamin retention in canned foods. They state 

that with the exception of thiamin, the better-known 

vitamins are not greatly affected by heating under con- 

ditions employed in the heat sterilization of canned 

foods, and that the principal factors influencing thi- 

amin survival are pH of the product and time and temp- 

erature of heating. Their work demonstrates that a 

short hot blanch is more saving of vitamins than a long 

cooler blanch. This also applies to the process since 

with an increase in processing temperature, bacterial 

destruction occurs at a greater rate than does thiamin 

destruction. They also state, "In considering the effect 

of canning, or even home cooking operations on the vita- 

mins in foods, chief attention might well be directed 

towards ascorbic acid and thiamin. The stabilities and 

solubilities of these two vitamins are such that pro- 

cedures used in preparing and canning foods. 
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that are favorable to the retention of these two vita- 

mins will in general, be favorable to the conservation 

of the other better-known essential vitamins". 

King and Tressler (11) discussed the problem of 

ascorbic acid retention in the canning of foods and 

pointed out that this vitamin is not autb-oxidizable 

except in alkaline solutions, and that auch neutral veg- 

etables as spinach and peas undergo losses of ^0-60^. 

Rosenberg (13) states that ascorbic acid deterio- 

rates easily in solution, especially in the presence of 

air, traces of metals, such as copper and iron, and 

light, especially in the presence of riboflavin. That 

in solution riboflavin is essentially unstable and its 

decomposition is greatly influenced by light, tempera- 

ture, and pH of the solution. Under alkaline conditions 

riboflavin decomposes rapidly. Of thiamin, he states, 

it is quite stable in strongly acid solutions. However, 

in weakly acid soltitions the molecule decomposes. In 

neutral and alkaline solutions thiamin is extremely sen- 

sitive to heat. 

For these reasons, it was felt that this specific 

alkalizing process would be much more destructilre of 

riboflavin, thiamin, and ascorbic acid than a correspond- 

ing non-alkaline process. 
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III.  CANNING METHODS 

!•  PEAS: 

Half of a lot of freshly shelled fieldr-run peas 

were soaked for 30 minutes at 510F. in a 0.19 Molar 

solution of sodium carbonate. After this treatment 

they were drained and given a fresh water spray rinse. 

Then they were blanched for four minutes at 2050F. in 

a 0.005 Molar calcium oxide solution. Next, the blanch- 

ed peas were given a light spray rinse to wash off the 

excess blanch solution. Following this, 14- ounces of 

peas were placed in No. 2, C-enameled cans, filled with 

a hot (approximately 2100F.) 0.025 Molar magnesium oxide 

brine, sealed, and processed for seven minutes at 260oF. 

after a four minute come-up time. The cans were given 

a short pressure cool after which they were cooled fur- 

ther by agitating in cold water until the average can 

temperature was below JQ0F.    The cans were stored in a 

cold storage room, the average temperature of which was 

approximately ]J50F. 

The other half of the pea samples were simultane- 

ously blanched in water for four minutes at 2050F.. 

They were then cooled under a light spray rinse and l^- 

ounces were placed into No. 2, C-enameled cans and fill- 

ed with hot (approximately 2l0oF.) water. These cans 

were processed with the alkaline treated peas and sub- 

sequently handled in an identical manner. 
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II. SPINACH: 

One-half of the spinach samples were pretreated in 

the same manner as were the alkalized peas. They were 

blanched for two minutes at 2120F. in a 0.0005 Molar cal- 

cium oxide solution and then 12 ounces were placed in 

Wo. 2, C-enameled cans, filled with hot (approximately 

2l0oF.) 0.025 Molar magnesium oxide brine, sealed, and 

processed at 2600F. for 30 minutes after a four minute 

come-up time. The cans were given a short pressure 

cool and then cooled further by agitating in cold water 

until the average can temperature was below JCPF.    They 

were stored in a cold storage room, the average temp- 

erature of which was approximately 350F. 

The other half of the spinach samples were blanch- 

ed in water for two minutes at 2120F. Twelve ounces 

were placed into No. 2, C-enameled cans which were fill- 

ed with hot (approximately 2100F.) water, sealed and 

subsequently treated with the alkaline spinach. 

Immediately after the canning was completed, rep- 

resentative samples of the fresh peas and spinach were 

analyzed for moisture and ascorbic acid content and 

prepared for analysis of thiamin and rlboflavin. 
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IV. ANALYTICAL METHODS 

I. Moisture Determination: 

This official method (1) was modified in that 

drying was allowed to continue for 2^ houre. 

Approximately 15 grams of the sample were ground 

in a food chopper and further divided in a mortar. 

Duplicate samples were weighed into previously dried 

and weighed aluminum dishes with tightly fitting covers. 

They were placed in a vacuum oven with the lids open 

and heated at 70oC. for 2k-  hours in a vacuum of 500 mm. 

of mercury. The lids of the dishes were left open dur- 

ing the process.. A stream of air (about two bubbles per 

second), dried by passage through sulfuric acid, 

was allowed to enter the oven while the samples were 

drying. 

After 24- hours, the oven was brought to atmospheric 

pressure, the lids were placed on the dishes, and they 

were transferred to a calcium chloride dessicator where 

they were allowed to cool« They were then weighed and 

the moisture content was calculated. 

II• Ascorbic Acid Determination: 

The method employed was essentially that of Morell 

(12). 

Twenty grams of sample were blended in a Waxing 
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Blendor with 180 ml. of metaphosphoric-acetic acid 

solution (9) (15 grams of stick metaphosphoric acid in 

a solution containing *K) ml. of glacial acetic acid and 

k50  ml. of water) and filtered through fluted filter 

paper. The first 10 ml. of the filtrate were discarded. 
o 

A Fischer electrophotometer fitted with a 5250 A 

filter was used to make the colorimetric determinations. 

The instrument was set to read 100$ light transmission 

using distilled water as the liquid. One ml. of the 

filtrate was pipetted into the same photometer tube 

which was replaced in the same position in the block to 

prevent variations in the readings due to possible dif- 

ferences in thickness in the walls of the tube, and 10 

ml. of sodium citrate-metaphosphoric acid buffer pH 3.6 

was added. To this was added 10 ml. of a sodium 2,6- 

dichlorobenzenoneindophenol solution and the optical 

density was immediately read. This reading was designated 

as Xi. The solution was completely decolorized with a 

crystal of ascorbic acid, the reading was taken and des- 

ignated as Xg. The purpose of the second reading was to 

obviate the error that might be caused by the color or 

turbidity of the extract. 

To determine the dye factor, one ml. of distilled 

water, 10 ml. of buffer, and 10 ml.' of dye solution were 

pipetted into the same rinsed and dried photometer tu|e. 

The reading was taken and designated D^. The solution 
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was then decolorized with a crystal of asoorhlo acid, 

the reading taken and designated as D2. The D2 reading, 

when subtracted from the DQ. reading, gave the dye factor. 

The ascorbic acid content of the aliquot was calcul- 

ated as follows: 

Milligrams of ascorbic acid «.0025S (Di-DsMXi-Xa) 

III. Rlboflavin Determination; 

The method is that of Snell and Strong (15) and is 

based on the fact that rlboflavin is essential for the 

growth of Lactobaolllus easel, and the amount of growth 

of that organism is directly proportional to the con- 

centration of the vitamin. 

The samples were prepared for assay as follows: 

Approximately 10 grams of the product were ground 

in a food chopper and were then more finely divided in 

a mortar. A weight of sample was taken which would con- 

tain approximately 0.05 micrograms of rlboflavin per ml. 

when appropriately diluted. This was placed in a 150 

ml. Erie nine yer flask. Then, papain, to the extent of 

two percent of the weight of the sample, was mixed with 

one drop of glycerine, an equal weight of takadiastase, 

and one ml. of water. This suspension was washed into 

the skmple flask with ^0 ml. of sodium acetate buffer 

(pH ^.5). (4-) A few drops of benzene were added, the 

flask was tightly corked and allowed to digest for 
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2^ hours at 370C. The digest was then steamed at 100°C. 

for 30 minutes to drive off the benzene, diluted to 50 

ml., filtered through sintered glass filter, and the pH 

adjusted to 6.5 to 6.6. For analysis an aliciuot was 

diluted so that one ml. contained approximately 0.05 

micrograms of riboflavin. 

Because papain and takadiastase contain riboflavin, 

the values of which might be significant, they too were 

assayed (3). 

The enzymes were prepared in the following manner: 

Weighed samples of each were hydrolyzed separately 

with 50 ml. of 0,1 N hydrochloric acid at 15 pounds 

pressure for 15 minutes. They were then cooled to room 

temperature, adjusted to pH 6,5-6.6, transferred to 250 

ml, volumetric flasks, made to volume, and filtered 

through sintered glass. 

A stock culture of Laotobaoillus casei was carried 

on 2$ yeast extract, 0.1$ dextrose, 2.0$ agar stabs and 

was transferred weekly from stabs made the previous 

week. All stabs were stored in the refrigerator after 

the initial incubation period. 

Twenty-four hours before an assay was to be per- 

formed, a transfer was-j made from the stab culture to a 

basal medium tube which contained 1.0 microgram of ribo- 

flavin, 5 ml. of basal medium, and 5 ml. of water. This 
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tube was incubated at 37 C« ^or 16-2^- hours.  It was 

then centrifuged, the cell-free liquid aseptically de- 

canted and the cells transferred to 10 ml. of ieotonie 

saline. 

To perform the assay, 2^ tubes (12x150 mm.) were 

placed in a rack.  Into the first Ik-  tubes were accurate- 

ly placed, in duplicate, 0.0, 0.5> 1.0, 2.0, 2.5, and 

3.0 ml. of a standard riboflavin solution containing 0.1 

microgram of riboflavin per ml. Into the succeeding 

block of ten tubes, were measured five levels of the 

sample extract, each in duplicate, ranging from approx- 

imately 0.05 to 0.25 micrograms of riboflavin. The tube 

containing the highest quantity of sample extract was 

run in triplicate to serve as a blank for the sample 

tubes. To each tube, both standard and sample, was add- 

ed five ml. of basal medium and sufficient water to make 

ten ml. 

The composition of the basal medium is shown in 

Table I. 
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Table I 

RIBOFLAVIN BASAL MEDIUM 

Photolyzed peptone   10.0 grams 
(plus sodium acetate) 

Cystine solution 0,1%   0.2 grams 

Yeast  supplement      2.0 grams 

Salt  solution A 10.0 ml. 
potassium acid phosphate—5»Qfi 
dipotassium phosphate——■=—d.Qtfo 

Salt  solution B 10.0 ml. 
magnesium sulfate, heptahydrate—^.0$ 
sodium chloride •—— 0.2^ 
ferrous sulfate,  heptahydrate——-0.2$ 
manganous sulfate, tetrahydrate—-0.2% 10 

Dextrose, anhydrous .10.0 grams 

pH 6,g 

Distilled water to make one liter 

The tubes were then steamed at lOOOC. for 15 min- 

utes. After cooling, the tubes were inoculated with 

one drop of the saline cell-suspension and incubated 

for 2^ hours at 370C. An additional standard tube con- 

taining three ml. of riboflavin standard solution was 

carried uninoculated to serve as a blank for the stan- 

dard tubes. 

At the end of 2^ hours, the tubes were placed in 

the refrigerator for 15 minutes to stop growth. The 

turbidity was then measured in a Fischer electrophotom- 
o 

eter using a 525O A filter. Because the 10 ml. of 
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medium were insufficient to fill the slit in the light 

block of the photometer, it was necessary to dilute each 

tube with 10 ml. of distilled water. 

All tubes and samples were protected from light as 

much as possible. 

A standard curve with riboflavin values for fresh 

peas is shown in Figure I. 

IV.  Thiamin Determination: 

The method used is that of Sa^ettand Cheldelin (1*0. 

The vegetable samples, papin, and takadiastase, were 

prepared in the same manner as for riboflavin. 

A stock culture of Lactobaclllus ferment 1 "56 was 

carried on stab cultures containing 1%  dextrose, 1% 

yeast extract, 2$ agar, and 0.0001$ thiamin hydrochlcride 

(*0. 

The organisms were transferred at weekly Intervals 

from stabs made the previous week.  All stabis were stored 

in the refrigerator after the initial incubation period. 

Twenty-four hours before an assay was to be perform- 

ed, a transfer was made from the stab culture to a basal 

medium tube which contained 5 ml. of basal medium, 5 m1' 

of water, and 0.1 microgram of thiamin hydrochlcride. 

This tube was incubated and treated in the same manner 

as was the riboflavin inoculum with the exception that 

the cells were suspended in 10 ml. of sterile saline 
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from which one drop was removed to inoculate 25 ml. of 

sterile isotonic saline. This served to lower the blank 

readings (4). 

Thiamin assays were also performed on the enzymes. 

To perform the assay, 26 tubes (1(5x150 mm.) were placed 

in a rack. Into the first 16 tubes were accurately 

measured, in duplicate, 0.0, 0.1, 0.2, 0.3» 0;M-, 0,6, 

0.8,  and 1.0 ml. of a thiamin standard solution contain- 

ing 0,005 microgram of thiamin hydrochlorlde per ml. 

Into the succeeding block of ten tubes was measured five 

levels of the sample extract, each in duplicate, rang- 

ing from approximately 0.0005 to 0.03 microgram of thi- 

amin. An uninoculated standard tube containing 1,0 ml. 

of thiamin standard was carried, as was a sample ex- 

tract tube containing as amount of extract equal to that 

in the "top" inoculated sample. These tubes served as 

blanks. 

To each tube, both standard and sample, was added 

5 ml. of basal medium and sufficient water to make 10 ml. 

The composition of the basal medium is shown in 

Table II. 
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Table n 

THIAMIN BASAL MEDIUM 

Alkali treated peptone    20.0 grams 
(plus sodium acetate) 

Acid-hydrolyzed vitamin-free casein   5»0 grams 

Dextrose   ^0.0 grams 

Sodium acetate, anhydrous   12.0 grams 

Cystine   200.0 mgs. 

Adenine sulfate  20.0 mgs. 

Guanine hydrochloride  20.0 mgs. 

Uracil   20.0 mgs. 

Salt solution A  10.0 ml. 
potassium acid phosphate—5.0$ 
dipotassium phosphate  5*0$ 

Salt solution B  10.0 ml. 
magnesium sulfate, heptahydrate-^.0# 
sodium chloride — — — 0.2$ 
ferrous sulfate, heptahydrate— 0.2$ 
manganous sulfate, tetrahydrate 0.2% 

Riboflavin  200.0 micrograms 

Calcium pantothenate   200.0 micrograms 

p-Amino benaoic acid   200.0 micrograms 

Niootinic acid   200.0 micrograms 

Pyridoxine hydrochloride   200.0 micrograms 

Biotin   0.3 micrograms 

Folic acid   0.5 micrograms 

pH 6.5 

Distilled water to make one liter 
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A standard curve with thiamin values for fresh peas 

is shown in Figure II. 

V. RESULTS 

The vitamin contents of the fresh vegetables are 

tabulated in Table III. All values are on the basis of 

milligrams per 100 grams of fresh vegetables. 

Table III 

VITAMIH COFTENT OF FRESH VEGETABLES 

Thiamin    Riboflavin    Ascorbic Acid 

0.27^      0.125        3S.0 

0.187      O.3O6        66.9 

The vitamin content of the canned spinach samples 

was determined 20 days after canning and that of the 

canned peas was determined 27 days after canning. The 

results are shown in Table IV. In this table the 

vitamin content of the solids and liquids are tabulated 

as milligrams per 100 grams. The solids were determined 

on a fresh basis. 
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Table IV 

VITAMIN CONTENT QF CANNED SOLIDS AND LIQUIDS 

Vegetable and Process Thiamln Rlboflavin Aaoorblc Acid 

Conventional 

Peas 
solids O.O706 0.092 ^.70 
liquid O.O68& 0.019 13-50 

Spinach 
solids 0.18^0    O.I69      10.00 
liquid 0.0399    0.101      20.1^ 

Alkaline 

Peas 
so! 
liquid 0.0121    O.O52       4.10 
solids 0.0W    0.022       3.75 -       -     —      4.:' 

Spinach 
solids 0.0097   0.07^3      4.80 
liquid 0.0121    O.O76I      3.04 

Moisture content and pH of the fresh and canned 

vegetables are shown in Table V. 

Table V 

MOISTURE CONTENT AND pH OF FRESH AND 
CANNED VEGETABLES 

Vegetable and Process  Moisture    pH 

Peas 
Fresh 
Conventional process 
Alkaline process 

77.2$ 
79.6$ 
82.97* 

6.68 
6.20 
8.01 

Spinach 
Fresh 
Conventional process 
Alkaline process 

92.0$ 

92 Ai 

6.64 
6.23 
7.93 
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Determinations of the percent of vitamin loss were 

made on the basis of the difference between the vitamin 

content of the fresh vegetables placed in the can and 

the total vitamin content of the solids and liquids in 

the can after canning. Calculations of the vitamin con<= 

tent of the solids were made on the fresh basis. The 

thiamin data for alkaline peas is shown below. 

Vitamin content of        0.27^  mg./lOO grams 
ffesh peas 

Vitamin content of        0.0^7^ mg./lOO grams 
canned solids 

Vitamin content of        0.0121 mg./lOO grams 
canned liquid 

Weight of fresh 392.0 grams 
solids in can 

Vitamins per can, I.I76 mg. 
fresh peas 

Weight of solids ^O^ grams 
in can 

Vitamins in solids        0.0.91^ mg. 

Weight of liquid I26.3 grams 
in can 

Vitamins in liquid        O.OI53 mg. 

Total vitamins in can      0.2026 mg. 

Loss due to canning       61% 

Vitamin losses, calculated as a percentage of the 

vitamin content of the fresh vegetables are shown in 

Table VI. 
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Table V I 

VITAMIN LOSSES OF CANNED VEGETABLES .1 

Vegetable Process Thiamin Riboflavin Ascorbic Acid 

Peas   Convent*-, 
ional 

63 IS 76 

Peas   Alkaline SI 6k- S7 

Spinach Convent- 
ional 

81 30 82 

Spinach Alkaline  95       75 91 

Losses are shown graphically in Figures III, IV, 

V, and VI. 
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VI.  DISCUSSIOH 

Examination of the data reveals that Insofar as 

the alkaline process is concerned, results were gen- 

erally as expected. In all cases the alkaline process 

was responsible for a greater vitamin loss than was the 

corresponding conventional process. In the case of peas 

the thiamin destruction due to the alkaline process was 

51$ greater than in the conventional process. The ribo- 

flavin loss was ^4$, and the ascorbic acid loss 5*$ 

greater than in the conventional process. 

In the alkaline spinach the thiamin showed 26$, the 

riboflavin 36$* and the ascorbic acid 50$ greater loss 

than did the same vitamins in the conventional process. 

These figures, however, have significance only in 

terms of the total vitamin loss. For example, alkaline 

spinach showed a loss of ascorbic acid 50fo  in excess of 

the conventionally canned vegetable. Yet the losses in 

both cases are so great as to negate either product as 

a significant source of that vitamin. This condition 

is also true of thiamin in spinach and ascorbic acid 

in peas. While the thiamin loss in conventionally can- 

ned peas is high, there is a fairly substantial quan- 

tity of the vitamin remaining. 

The losses in the conventionally canned vegetables 

were generally higher than has been reported in the 
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literature. This, however, is understandable when the 

severity of the treatment is considered. The blanch- 

ing time was long and the temperature high for both 

vegetables. The process, although of short duration, 

took place at an unusually high temperature. 

As might be expected, the losses in spinach were 

greater than in peas. This is undoubtedly because of 

the large surface area and thinness of the leaves which 

facilitate leaching of the vitamins during blanching. 

The processing time was, of necessity, four times as 

long as that for peas. 

Since these assays were made after a relatively 

short time in storage under vitamin sparing temperatures, 

the results are not indicative of what might be expected 

in the way of vitamin content from alkalized vegetables 

packed for commercial vegetables. Under those conditions 

the storage temperature would be higher and the storage 

time longer. These conditions would result in greatly 

increased vitamin losses which would completely unfit 

the product for use as vitamin containing food. 

From the standpoint of the vitamins studied the data 

presented in the various tables and graphs shows that 

fresh peas and spinach are much superior to the canned 

product, even when the canned vegetable was stored for a 

very short period under very favorable conditions as in 

this study. 
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VII.  CONCLUSIONS 

1. Greater destruction and loss of vitamins such 

as thiamin, riboflavin, and ascorbic acid occurs in 

the canning of peas and spinach by a alkaline process 

than by the conventional process. 

2. Fresh peas and spinach are much superior 

nutritionally to canned peas and spinach when the thi- 

amin, riboflavin, and ascorbic acid content of the 

fresh and canned vegetables are considered. 
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