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Effect of Blanching and Subsequent Holding on
Some Chemical Constituents and Enzyme
Activities in Peas, Snap Beans,
and Lima Beans'

J. C. MOYER, W. B. ROBINSON, E. H. STOTZ? anp Z. L. KERTESZ?

Abstract

THE immediate purpose of the tests reported here was to study
the effect of blanching and subsequent holding on the chemical
composition of green peas, snap beans, and lima beans, and to
search for a possible correlation between losses in ascorbic acid and
the residual activity of the three enzymes catalase, ascorbic acid
oxidase, and peroxidase.

The major conclusion which may be drawn from the present ex-
periments is that while there are substantial losses of ascorbic acid
during the blanching of these vegetables, there are no further losses
during subsequent 4-hour periods of holding, providing the vege-
tables were properly blanched. If the blanching was insufficient,
severe losses may occur during the holding or even during the brief
periods required for preparing samples for analyses.

It is as yet not possible to define “proper” blanching in terms of
the activities of the three enzymes studied.

Under the conditions of these tests, there was usually less loss of
ascorbic acid and of other water-soluble chemical constituents when
the blanching was performed for brief periods at high temperatures
rather than for longer periods of time at a lower temperature.

Introduction

HE desirability of blanching (scalding) peas, snap beans, and
Tlima beans before they are placed in the can or are frozen is
now generally accepted. In the case of canned vegetables, the blanch-

*These investigations were supported by grants from the National Canners
Association-Can Manufacturers Institute Nutrition Program. The results re-
ported here carry the numbers XXXIV (Peas), XXXV (Snap Beans), and XXXVI
(Lima Beans) in the series of publications on the “Nutritive value of canned
foods” and supported by grants from the N.C.A~C.M.I. Nutrition program.
N s?ow head, Department of Biochemistry, University of Rochester, Rochester,

*The authors wish to acknowledge the assistance of Ruth Campfield, Arthur
Collier, Betty Crowley, K. C. Holgate, J. D. Lipps, R. J. McColloch, C. S. Peder-
son, F. G. Smith, E. Sondheimer, and Joanne Whitcombe in carrying out analyti-
cal work in connection with these investigations. .
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ing process has commanded the attention of several investigators
(5,6,8,9,10,14,15,27,28,29)%, yet the changes caused by blanching in
the tissues and in their behavior during subsequent operations is
far from clear.

Blanching is an effective cleansing operation which removes ad-
hering pieces of foreign plant materials and also reduces the bac-
terial flora of the vegetables (20). In several cases blanching also
removes certain constituents which are undesirable from the flavor
standpoint or prevents the occurrence of detrimental changes in
color, odor, and flavor associated with the unblanched material
(2,11). Finally, the use of blanching has been advocated because the
resulting wilting of tissues permits better filling of the cans and also
removes most of the intercellular gases.

The extent of blanching which will give the best overall results
is at present debatable. The general tendency is towards shorter
periods of blanching at higher temperatures as contrasted with
longer blanching at comparatively low temperatures. Several studies
indicate that in such preliminary thermal treatment of plant mate-
rial it is important to pass with maximum rapidity through the
temperature region where tissue structures are destroyed without a
simultaneously complete inactivation of the enzymes present (7,21).

The investigations reported in this bulletin had as their first
objective establishing the progress of the inactivation during blanch-
ing of some enzymes in peas, snap beans, and lima beans. Second,
they were designed to show some of the chemical changes which
occur in these vegetables during blanching at different tempera-
tures for various lengths of time, and, if possible, to correlate the
behavior of enzymes with these chemical changes.

The holding of vegetables in the canning factory after blanching
but before processing is often necessary because of uneven deliveries
of the raw material, breakdown of machinery, and other unavoid-
able delays. Therefore, a third objective of this study was to de-
termine the extent of losses and changes in various chemical con-
stituents, especially in ascorbic acid (vitamin C), during such hold-
ing and to note the influence of the degree of blanching on these
changes. . S

Although the present study yielded some new and interesting
results, it will be seen that most observations support the conclusions

'

‘Reference is to Literature Cited, page 32.
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drawn from previous investigations. We have felt that it is desirable
to record at least some of our experiments in considerable detail
because both the number of time-temperature variants and the types
of observations made in any given test run are much more extensive
than those found in the literature. It was hoped that in addition to
supporting the conclusions drawn from the present study, such de-
tailed data will aid future investigators of this topic in the selec-
tion of experimental conditions and methods.

The experimental methods and the results obtained are presented
below separately for the three vegetables studied, but the results are
compared and evaluated together in the summary discussion.

Peas
Experimental Methods
Raw materials and blanching operations

The present investigations were conducted during 1946 and 1947
at Geneva. In 1946, Surprise peas of two widely different stages of
maturities were used. Each sample was obtained from a single truck-
load of peas shipped immediately after vining at a nearby canning
plant. The less mature ungraded peas (Table 1) gave a tenderometer
reading of 118 (ungraded) and yielded a “fancy” canned pack. Peas
of the more mature lot gave a tenderometer reading of 192 (un-
graded) and the finished canned pack was of “standard” quality
grade (Table 2). The fresh peas were separated according to size and
only those of sieve size 4 were used. Several other less extensive runs
were made in 1946, but the results are not reported here.

In 1947, Thomas Laxton, Surprise, and Canner King were used.
Ungraded samples of these peas gave tenderometer readings of 100,
124, and 96, respectively. Only sieve size 5 peas were used and the
finished packs were all of “fancy” grade. Because of similarities of
results obtained on the three varieties, only the data for Canner
King is reported here (Table 8), but any dissimilarities observed in
the behavior of the peas of different varieties will be noted.

Raw samples were taken from the washed peas. The blanching was
accomplished in a miniature rotary water blancher (18) at the times
and temperatures listed in the tables. From the blancher the peas
passed under sprays of cold water and were cooled to a temperature
of 70° to 80° F. For the holding tests, the blanched and cooled vege-
tables were held in perforated buckets of the type used in commercial
canneries. These buckets were filled to at least two-thirds of their
Cﬁpaciﬁr and held at room temperature for the periods indicated in
the tables.
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Methods of analysis

All determinations were either completed within a few minutes
after the sample was prepared or carried to a point in the analyses
where the occurrence of chemical changes was prevented.

The homogenates used in the enzyme tests were prepared by
mixing one (weighed) part of peas or other vegetables with two
parts of distilled water in a Waring blendor followed by several
minutes of further comminution in a Potter-Elvehjem grinder (19).
All enzyme tests were made at 86° F (30° C). The catalase activity
was determined according to the method of Thompson (26) with a
5-minute reaction period. Peroxidase was determined by several
methods. The procedure of Balls and Hale (BH) (3) was followed
using one tenth of all recommended quantities.

In addition to the regular titration procedure, the reaction mix-
tures covered with mineral oil were allowed to stand at room tem-
perature for 24 hours. It has been the authors’ experience that on
the day following the quantitative (titrimetric) analyses, the color
of these mixtures is a dependable indication of low peroxidase ac-
tivities. These additional colorimetric observations are recorded in
the tables under the heading “Peroxidase, BH, Color.” The signs
+, ++, and +++ indicate increasingly dark coloration observed
after 24 hours, the sign “O” indicates negative reading, and “—"
that no determination was made.

Another method of measuring peroxidase activity used in some
parts of this study was that of Smith, Robinson, and Stotz (SRS)
(24) which is based on the oxidation of an indophenol dye in the
presence of hydrogen peroxide. When the concentration of the dye
and the peroxide are carefully controlled, the rate of development
of the blue color resulting from the oxidation of the dye is directly
proportional to the concentration of the enzyme. The rate of color
development was followed photometrically.

The ascorbic acid oxidase activity was measured in the following
manner: Two ml of 0.1M phosphate-citrate buffer of pH 6.0, 0.5 mg
of ascorbic acid, and 4.0 ml of the tissue homogenate were placed in
an acid-washed Pyrex tube. In the case of the unblanched samples,
1 ml was diluted with water and the contents were incubated until
no more than half of the ascorbic acid was oxidized in a period not
exceeding 2 hours. At the end of the incubation period an equal
volume of 5 per cent metaphosphoric acid was added to stop further
oxidation and the amount of ascorbic acid oxidized was determined
by comparison with a control established by adding acid to a dupli-
cate tube at the start of the incubation. The activities were calculated
on the basis of the mg of ascorbic acid oxidized per hour per gram
of (wet) tissue.

The dry matter determinations were made by drying duplicate
25-gram samples at 203° F (96° C) for 2 days. In all cases the number
of peas in the samples was recorded to permit calculation of the “per
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unit” (single pea basis) changes (13). Unfortunately, similar treat-
ment of the data was not possible with the results obtained with
snap beans and lima beans.

The alcohol-insoluble solids (AIS) determinations were made by
the method of Kertesz (12).

The ascorbic acid determinations were performed according to the
method of Robinson and Stotz (22).

For the estimation of the total sugar content, a modernized version
of Bertrand’s method (4) was used after extraction with hot 80 per
cent ethanol, followed by evaporation and clarification of the extract,
and hydrolysis with dilute hydrochloric acid. The nitrogenous frac-
tions were determined in the hot 80 per cent ethanol extract and in
the residue (23) by the micromethod of Ma and Zuazaga (16).

Crude fiber, ash, and calcium were determined by the official
methods (1).

Experimental Results

Effect of blanching on enzyme activities

In Tables 1 to 3 are shown the residual enzyme activities after
various degrees of blanching, expressed as the percentages of the
original activity in the raw material. No attempt was made to ex-
press enzyme activities in absolute units since the purpose of this
study was to investigate the changes caused by blanching and sub-
sequent holding. However, it was clear from the tests made that
catalase and ascorbic acid oxidase activities were higher in the
younger peas (Tables 1 and 3) than in older peas (Table 2). The
same trend existed in the three 1947 samples. The reverse was true
in the case of peroxidase activity.

Catalase was completely and permanently inactivated in all
blanched samples, including that exposed to the mildest heat treat-
ment at 160° F for 1 minute. In harmony with previous observations,
no re-occurrence (regeneration) of catalase activity was found in any
of these samples.

In the evaluation of the peroxidase activities, consideration must
be given to the method of estimation applied. According to the
method of Balls and Hale (BH) (3), and with increasing tempera-
tures and duration of blanching, there was progressive inactivation
of peroxidase until the residual activities reached the order of a few
per cent. At this low level, the BH results became irregular because
of the variations in the blank values used to compensate for the
effects of the vegetable tissues aside from the peroxidase activity.
For reasons which are not clear at the present time, the extent of
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residual or apparent peroxidase activity which can be observed in
plant tissues heated to inactivate all peroxidase enzyme varied with
different lots of peas.

Complete peroxidase inactivation depended on the temperature
and duration of the blanch as well as the condition of the raw
material. For example, as shown in Tables 1 and 2, in 1946 no per-
oxidase activity was found after 3 minutes of blanching at 190° F
whereas increasing the temperature to 200° F reduced the time re-
quired for complete inactivation to 1 minute. In 1947, when sieve
size 5 peas were used instead of size 4, the blanching required for
inactivation was 5 minutes at 190° F or 3 minutes at 205° F (Table
3). Clearly, the larger size of peas used in the 1947 experiments
offered more resistance to complete heat penetration.

Renewed peroxidase activity (regeneration) was observed in sev-
eral samples during holding after blanching. For example, the
sample blanched at 210° F for 3 minutes (Table 1) was negative
when tested immediately after blanching but showed definite activ-
ity after holding for 2 hours. This re-occurrence of peroxidase activ-
ity in blanched vegetables has often been observed with the per-
oxidases of plant tissues.

The color observations on the reaction mixtures of the Balls-Hale
(BH) method yielded good relationship between the amount of
heating and color formation and aided in distinguishing low activ-
ities from complete inactivation. By and large, the extent of heating
required for complete inactivation of the peroxidase was more
exactly shown by the BH color tests than by the titration values
obtained by the same method. The peroxidase method of Smith,
Robinson, and Stotz (SRS) (24) was more sensitive than the BH
method, and in a few cases indicated activity in samples that gave
negative results when the latter method was used. However, in most
instances the results obtained by the two methods (BH and SRS)
were in agreement.

The ascorbic acid oxidase indicated an intermediate degree of heat
lability between that of catalase and peroxidase. In the determina-
tion of this enzyme at very low levels of activity, it is again difficult
to differentiate between enzymic and non-enzymic oxidation which
in turn makes it impossible to specify with certainty the complete
absence of enzyme activity. Increases in the blanching temperatures
progressively reduced the times required for inactivation. In the
experiments shown in Table 1, apparently all heated samples were
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devoid of this enzyme. In the run shown in Table 2, the sample
heated to 190° F for 1 minute contained traces of activity and this
might have been the case in the sample heated to 200° F for 3
minutes. In the 1947 experiment on Canner King (Table 3) only the
sample heated for 1 minute to 160° F showed a definite oxidase
activity, while in two experiments on Surprise and Thomas Laxton
peas, not shown here, there was some residual activity in the samples
heated to 160° F for 3 minutes and to 175° F for 1 minute. We shall
return later to the relationship of residual enzyme activity and
ascorbic acid losses during holding subsequent to blanching.

Changes in water content and unit weight of peas
during and after blanching

During the blanching of peas in hot water as well as during the
cold water cooling which follows, water-soluble constituents of the
peas are removed (leached). Meanwhile, due apparently to the heat
treatment of the tissues, the latter will show an increased water-
holding capacity. Thus, on one hand, solids will be lost from the
peas, while on the other, their weight (per single pea) will increase
due to the uptake of water resulting from the increased power of
imbibition. These changes, proceeding in opposite directions, can
confuse the conclusions which may be drawn from the results of
chemical analyses since the weight of a given sample of peas will
change during blanching and thus a 100-gram sample taken after
the treatment might represent 105 or 95 grams of the original
starting material. This led to use of calculations based on number
of units in a sample and expressions of chemical analyses on a
“single unit” or “single pea” basis (13).

To overcome this difficulty leading to distortion in the results of
chemical analyses performed on the samples in the present study,
the number of peas in all dry matter samples were counted and re-
corded. This allowed us to determine the extent of leaching as well
as the extent of increase in the imbibition during the blanching
and washing. All the results obtained on peas were calculated on
the fresh (wet) basis, dry matter basis, and, in addition, on the basis
of the weight of a single fresh (wet) or dried pea. For sake of econ-
omy, only the fresh weight basis calculations are given here, but
sufficient information is included in the tables on the dry matter
contents and on the weight of single peas to allow a recalculation
of the analytical results in various ways.
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Expressed on the fresh weight basis, blanching caused a slight
increase in the solids content of mature peas and a slight (about 2
per cent) decrease in the solids content of young peas. When the
results were calculated on the “single pea basis”, there was about a
10 per cent loss of solids from the young peas but no comparable
loss in the more mature peas. The extent of loss of solids from the
younger peas varied with different blanching conditions, the dura-
tion of the blanching being more important than the temperature
of the water used. However, the extent of leaching (loss of solids)
increased somewhat as the blanching water temperature was raised
to 190° F. Above this temperature the extent of leaching decreased.

No changes in dry matter content and single unit weight of peas
could be observed during the 2-hour holding period after blanching.
While there was some indication of loss of dry matter from peas
held without blanching, the results were not consistent enough to
warrant a detailed discussion here.

Changes in some chemical constituents

In the extensive 1946 study, chemical analyses were made of the
peas after blanching and after holding for 1- and 2-hour intervals.
These analyses included total solids, total sugars, alcohol-insoluble
solids (AIS), crude fiber, ascorbic acid, total and 80 per cent alcohol-
soluble and alcohol-insoluble nitrogen, and ash (Tables 1 and 2).
In the 1947 tests the analyses were confined to total solids, ascorbic
acid, ash, and calcium (Table 3).

Ascorbic acid.—The initial ascorbic acid content of the peas used
in these experiments was well within the range reported in the
literature. If any loss of ascorbic acid occurred during the few hours
of holding the unblanched peas, such changes were within the
experimental error.

The loss of ascorbic acid from vegetables during blanching may
result either from oxidation by enzymes and other factors or by
leaching. As shown in previous reports and in Tables 1 and 2, the
extent of loss due to leaching is more extensive in the younger peas.
The 1946 experiments also established the fact that prolonging the
blanching time from 1 to 5 minutes increased the ascorbic acid
losses more than the elevation of the blanching temperatures from
190° to 210° F. However, in this comparison, it must be assumed
that all blanching treatments were sufficient to inactivate the oxi-
dative systems which were naturally present.
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The results of the 1947 studies on three different varieties are
similar and only the data from the experiments with Canner King
are presented here (Table 3). The 1947 tests covered a wide range
of temperatures (160° to 205° F) and this has helped to demon-
strate the factors affecting the destruction of ascorbic acid during
blanching and subsequent holding. The holding experiments were
found valuable, for without a consideration of the fate of ascorbic
acid in these samples it would be difficult to explain the pronounced
loss of ascorbic acid at some of the lower blanching temperatures as
indicated by the analyses made immediately after blanching and
cooling. Little or no loss of ascorbic acid was encountered on holding
unblanched samples or those blanched at 190° F or higher. However,
in peas which were blanched at 160° F for 1 minute, the ascorbic
acid losses were considerable (60 per cent) and they continued dur-
ing the subsequent holding period. Increasing the blanching time
or raising the blanching temperature reduced these losses. Such
excessive ascorbic acid losses during blanching and holding are be-
lieved to be due to heat disruption of the tissues with a resulting
contact of enzyme (ascorbic acid oxidase) and substrate (ascorbic
acid) at a temperature too low for enzyme inactivation (7,21).

It is important to note that the results of the ascorbic acid oxidase
determinations bear no relationship to the occurrence of such as-
corbic acid losses due to “thermal maceration.” In peas, at least, an
extent of heating required to inactivate the peroxidase completely
was required to prevent this type of ascorbic acid loss.

Total sugars.—Blanching appreciably reduced the sugar content,
especially of younger peas. In general, the loss of sugar was more
accentuated by lengthening the blanching period from 1 to 5 min-
utes than by raising the blanching temperature from 190° to 210° F
(Tables 1 and 2). In the 1946 blanching experiments where 190° F
was the lowest blanching temperature used, no sugar losses occurred
in any of the samples on subsequent holding except in the case of
raw peas where a 17 per cent loss occurred in 2 hours. No sugar de-
terminations were performed on the 1947 samples.

Alcohol-insoluble solids and crude fiber.—No consistent trends
were noted in the alcohol-insoluble solids or crude fiber after blanch-
ing or holding within the time and temperature ranges employed
in the 1946 experiments. No such determinations were made in 1947.

Total nitrogen and nitrogenous fractions.—These components
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were determined only in the 1946 samples. The alcohol-insoluble
fraction, which included the proteins and perhaps polypeptides,
showed an insignificant loss during blanching of both “fancy” and
“standard” peas. On the other hand, the alcohol-soluble nitrogenous
compounds, probably consisting mostly of amino acids and other low
molecular weight nitrogenous compounds, showed considerable loss-
es from both “fancy” and “standard” peas. These losses were en-
hanced by increases in the blanching time or temperature, a notable
exception being the highest temperature used (210° F) where the
loss from the “fancy” peas has diminished. The more mature peas
were found to lose in blanching a greater proportion of their nitro-
gen contents although they had less originally. There was no sig-
nificant change in either of the two nitrogenous fractions during
the holding of the raw or blanched pea samples. The changes in the
total nitrogen content of peas were the direct result of losses from the
80 per cent alcohol-soluble fraction.

Ash and calcium.—The extent of leaching out of mineral constitu-
ents was ascertained by ash determinations. Such analyses were per-
formed on both the 1946 and 1947 samples. The results obtained in-
dicate that upon blanching the older peas retained a much higher
proportion of their original mineral contents. The ash retention was
also affected by the nature of the blanching, varying the blanching
time having more influence on the amount of minerals removed
than variations in the temperature. Of course, no changes were ob-
served in the ash content during holding the peas either raw or
after blanching.

In spite of general mineral losses during blanching, the calcium
content of the blanched peas was found to be higher than that of the
control. This effect is shown in Table 3 for the 1947 Canner King
sample. Data obtained on the two other varieties studied in 1947
showed the same relationship. The calcium content of untreated
Thomas Laxton was 0.018 per cent while the blanched peas, of
which eight samples were analyzed, showed 0.021 to 0.041 per cent
calcium with an average of 0.026 per cent. The increase was less
pronounced in the three samples analyzed from the experiment with
Surprise. Unfortunately there is an insufficient number of analyses
available to allow drawing any conclusions concerning the effects
of temperature and duration of blanching on calcium uptake.

This affinity of peas for calcium is fairly well established (23) and
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apparently depends on the formation of insoluble pectic compounds
and of phytates (17). It is doubted that such an increase would be of
nutritional significance although it is more than likely that the in-
creased calcium content would affect quality by increasing the firm-
ness of the seed coat (23).

Snap Beans

Experimental Methods

The beans used were selected at a nearby canning plant from
large lots delivered by a single grower in the vicinity. In 1946, whole
(size 2) and cut (size 5) Refugee beans were used. Following snipping,
the whole beans of size 2 were selected manually from the picking
table with the aid of size gauges. The cut beans were mechanically
graded. The beans were immediately transported to Geneva and
held at 35° F until used as the different blanching treatments were
made. All experiments were completed within one day. The experi-
mental treatment consisted of washing the beans on a moving wire
belt under jets of water followed by blanching in a small rotary-type
water blancher (18) and cooling on a wire belt under water sprays.
The cooled beans were held at room temperature (about 77° F). The
temperature of the blanched, cooled beans in the buckets was within
4° of 77° F during the holding tests. The results for the whole beans
are shown in Table 4, but for sake of economy the data obtained
for the cut size 5 beans are not presented here.

In 1947 the same general plan was followed except that l-inch
cut green Tendergreen beans and cut Yellow Wax beans were used.
The cut beans were mechanically graded to size 4 at the canning
plant and then brought to Geneva and kept at 35° F until used in
the tests. The results of these experiments are shown in Tables 5
and 6.

The methods used in sampling and analyses were identical with
those described for peas.

Experimental Results

Effect of blanching on enzyme activities
It is clear from the experimental results presented in Tables 4 to
6 that the catalase in the bean samples blanched during this study
required more severe heat treatment for complete inactivation than
did that of the peas. Whereas the catalase in all pea samples was
inactivated by the minimum extent of blanching used (1 minute at
160° F), catalase was active in some of the bean samples even after
heating to 180° F for 5 minutes. However, a direct comparison of
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the inactivation of the catalase in peas and beans is hardly warranted
on account of the different size, shape, and morphological structure
of the particles heated.

All whole Refugee bean samples heated to 180° F showed some
catalase activity (Table 4), but none of those heated to 190° and
above. The second set of results obtained in 1946 on cut Refugee
beans, size 5, gave similar results. In the 1947 study the cut size 4
Tendergreen beans (Table 5) showed some catalase activity in the
samples heated for 4 minutes to 165° and for 2 minutes to 180°, but
in none of the samples which were heated longer or at higher tem-
peratures. However, in the run with the cut Yellow Wax beans, all
samples heated to 165° and those heated to 180° for 2 or 4 minutes
showed some catalase activity. It is quite clear from these results
that either the catalase in different lots of beans show different sus-
ceptibilities to heat, or that such differences occur between varieties.
The present data are insufficient to answer this question.

Peroxidase was completely inactivated by a blanch of 4 to 5 min-
utes at 210° F in all except the largest beans. A small amount of
activity was retained in the size 5 cut Refugee beans (1946) even
after 5 minutes of blanching at 210° F.

The BH and the SRS methods for estimation of this enzyme
agreed in showing a progressive decline in residual activity with in-
creased blanching times at all temperatures used (Table 4). However,
there was always a stubbornly resistant small residual activity that re-
quired a high temperature of 210° F for complete inactivation.
Occasionally, indications of a slight regeneration of peroxidase
activity during the storage following blanching were observed, as
for instance in Table 4 with the sample heated for 1 minute at
200° F. Due to the fairly high blank values obtained with enzyme
heated for 10 minutes to 212°, the BH color readings were found
to be most helpful in these tests.

Ascorbic acid oxidase required a temperature of at least 180° F
for complete inactivation. Above that temperature all blanches of
more than 1 minute duration showed the absence of this enzyme
while below 180° complete inactivation was never achieved. This
behavior was consistent in all tests with different varieties and sizes
of beans.

Effect of blanching on solids content
Unfortunately snap beans do not lend themselves to the calcu-
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TABLE 5.—Inactivation of enzymes and various chemical changes in cut snap beans during
blanching and subsequent holding, Tendergreen variety, fancy grade, size 4, 1947.*

RESIDUAL ENZYME ACTIVITY T AsCOR-

Hovp- Dry BIC Asa, CaAL-
~ Brancu NG Cata- Peroxidase Ascor- MAT- ACID, PER  CIUM,
—————— TIME, lase, ———— bic TER, MG PER CENT PER
°F Min- HOURs per BH, BH, acid PER 100 CENT

utes cent per color oxidase, CENT GRAMS
cent - per cent

_— — 0 100 100 +++ 100 8.16 9.8  0.516 0.0417
_— — 1 — — — —  8.38 9.6 0.539 —
_ = 2 — — — — 8.31 10.2 0.527 —
165 4 0 7 59 ++4++4+ 3.2 7.24 7.7 0.422 0.0413
165 4 1 0 60 +++ — 812 6.2 — —
165 4 2 — 35 +++ — 741 5.2 —

165 6 0 0 33 +++ 1.7 7.04 57  0.415 —
165 6 1 — 3 44+ — 7.54 6.4 — —
165 6 2 — 4 4+4++ — 715 5.4 — —
165 8 0 0 32 +++ 01 7.20 7.1 0.415 —
165 8 1 — 43 4+++ — 7.99 5.8 —_ —
165 8 2 — 45 +4++ — 764 5.4 — —
180 2 0 20 41 +++ 09 751 9.6  0.448 —
180 2 1 — 5 4+++ — 771 7.4 — —
180 2 2 — 42 +4+4+ — 7.64 6.4 —_ —
180 4 0 0 30 +++ 0 7.74 8.7 0.462 —_
180 4 1 —_ 51 +++ — — 7.2 — —
180 4 2 — 34 ++ — 7.02 8.0 — —_
180 6 0 — 26 +4+ 0 7.56 6.0  0.421 —
180 6 1 — 39 +4+ — — 6.4 — —
180 6 2 — 19 +4+ — 719 6.4 — —
180 8 0 — 22 ++ 0 6.96 6.5 0.393 —
180 8 1 — 23 +4+ — — 5.5 — —
180 8 2 — 29 + — 742 6.4 — —
195 2 0 0 23 ++ — 7.55 7.3 0.425 —
195 2 1 — 15 ++ — 7.76 7.6 — —
195 2 2 — 2.3 + — 7.85 7.0 — —
195 4 0 0 22 + — 7.9 6.7  0.407 —
195 4 1 — 4.6 + — — 6.6 — —
195 4 2 — 16 + — 729 5.6 — —
195 6 0 0 20 + —  7.39 6.8  0.420 —
195 6 1 — 25 + — — 6.4 — —
195 6 2 — 23 ++ - 7.49 7.1 — —
195 8 0 — 17 + —  7.36 52  0.430 —_
195 8 1 — 3.8 + - — 5.5 — —
195 8 2 — 25 + — — 4.7 — —
210 2 0 0 19 + —  7.64 7.7  0.439 0.0411
210 2 1 — 13 + — — 8.0 — —
210 2 2 — 26 + — 7.89 6.2 — —
210 4 0 —_ 0 0 0 6.35 6.2 0.393 —_—
210 4 1 — 0 0o — — 6.2 — —_
210 4 2 —_— — — — 7.06 5.0 — —
210 6 0 — 0 0 0 6.92 6.7  0.402 —
210 6 1 — 0 0o — —_ 5.6 — —
210 6 2 — — —_ — — 5.2 — —

*On fresh weight basis. Harvested September 9, 1947.
1See page 6 for meaning of abbreviations.
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lation of unit weight since the weight and shape variation between
individual pieces of cut beans is so great that they overshadow the
slight unit weight changes which one might expect during blanch-
ing. The dry matter determinations, however, show some interesting
trends. Blanching appeared to reduce the dry matter content of
beans in all of the experiments. This was the result, in part, of
leaching as indicated by the consistent loss of 10 to 20 per cent of
the sugar content (Table 4). At the same time, it is quite clear that
the major effect causing the apparent decrease of solids content must
have been the increased imbibition resulting from heating the bean
tissues. This is indicated by the crude fiber content of the samples
(Table 4). This constituent is by definition not subject to leaching
action and still it showed a fairly consistent although slight drop.
The alcohol-insoluble solids content, shown in the same table, also
tends to support these conclusions. The extent of additional water
uptake seemed particularly pronounced with blanching tempera-
tures of 200° F and above.

Changes in some chemical constituents

Ascorbic acid.—Comparing the similar blanching treatments in
the three experiments reported in Tables 4 to 6 and in the experi-
ment with cut size 5 Refugee beans for which the data are not given
here, the average losses of ascorbic acid due to the blanching treat-
ment alone ranged from 69 to 80 per cent. As observed with peas,
lengthening the blanching treatment had a more detrimental effect
on the ascorbic acid content than did an elevation of the blanching
temperature. However, the results are far from regular, perhaps due
mainly to two factors. First, the extent of leaching possible in a cut
tissue is likely to be more irregular than with whole units like peas,
and, secondly, it is not quite clear at exactly what temperature and
duration of blanching the “thermal maceration” became a factor.

The ascorbic acid in beans is susceptible to destruction during
blanching and subsequent holding (Tables 4 to 6). Interestingly
enough, a temperature zone where heating causes the type of ascorbic
acid loss ascribable to “thermal maceration” occurs at a higher tem-
perature than in the case of peas. With peas this phenomenon was.
not observed in samples heated to 190° F or above. Marked losses
occurred, on the other hand, in some of the bean samples stored
even after blanching for 6 minutes at 210°. This apparent resistance
is explained, at least in part, by the larger tissue particles heated in
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TaBLE 6.—Inactivation of enzymes and various chemical changes in cut snap beans
during blanching and subsequent holding, Yellow Wax variety, fancy grade, size 4,
7947.*

RESIDUAL ENZYME ACTIVITY T Ascor-
Horp- Dry BIC Asx, Car-
BrLaNcH ING  Cata- Peroxidase Ascor- MAT- AGID, PER CIUM,
——————— TIME, lase, ———— bic TER, MG PER CENT  PER
°F Min- mHOURs per BH, BH, acid PER 100 CENT
utes cent per color oxidase, CENT GRAMS
cent per cent
_— — 0 (100) 100 +-++ 100 7.85 9.0 0.443 0.0419
_ — 1 — — — — 7.70 9.9 0.448 —
_ — 2 — — — —  7.63 8.6 0.449 —
165 4 0 4 52 +++ 0.7 7.52 71 0.399 0.0417
165 4 1 — 37 4+4++ — 727 5.9 — —
165 4 2 — 45 444+ — 774 6.6 — —
165 6 0 2 30 +++ 0.7 6.99 6.5 0.389 —
165 6 1 — 30 +++ — 791 7.0 — —
165 6 2 — 16 +4+4+ — 737 5.9 — —
165 8 0 3 20 ++4++ 0.8 7.34 6.3 0.391  0.0427
165 8 1 — 30 +++ — 730 6.3 — —
165 8 2 — 27 4+++ — 7.04 5.9 — —
180 2 0 3 23 ++4 0 7.36 7.9 0.421  0.0407
180 2 1 - 23 444+ — 7175 8.0 — —
180 2 2 — 31 444+ — 7.07 7.8 —_ —
180 4 0 4 20 +++ 0.2 7.35 7.3 0.406 —
180 4 1 — 20 4+4++ — 741 7.7 — —
180 4 2 — 24 +4+ — 710 7.9 — —
180 6 0 0 11 +4 0 7.28 6.7  0.363 —
180 6 1 — 11 ++ —  7.46 6.5 — —
180 6 2 — 9.0 +4+ — 690 7.4 — —
180 8 0 0 10 ++ 0 7.89 6.4 0.404 0.0441
180 8 1 — 6.7 +4+ — 744 6.5 — —
180 8 2 — 18 ++ —  6.57 6.4 — —
195 2 0 0 13 ++ 0.5 7.08 7.8  0.400 0.0419
195 2 1 — 14 ++ —  7.02 8.3 — —
195 2 2 — 13 ++ —  7.23 8.6 — —
195 4 0 — 3.5 + 0 7.85 7.8 0.388 —
195 4 1 0 0 + — 71 7.8 — —
195 4 2 — 0 + —  7.40 6.4 — —
195 6 0 0 11 ++ 0 6.92 6.8 0.387 —
195 6 1 — 5.3 + — 6.9 71 — —
195 6 2 — 5.1 + — 7.08 5.6 — —
195 8 0 0 24 ++ 0 6.99 6.9 0.385 0.0440
195 8 1 — 21 +4+ —  7.66 7.0 — —
195 8 2 — 28 +4+ — 7.00 5.8 — —
210 2 0 0 3.8 -+ 0 7.12 7.9  0.396 0.0431
210 2 1 — 4.2 + — 744 7.1 — —
210 2 2 — 7.6 + — 744 5.5 — —
210 4 0 0 0 0 0 6.83 6.6 0.394 —
210 4 1 — 0 0o 0 7.20 — — —
210 4 2 — — — — 17.30 5.8 — —
210 6 0 0 0 0 0 6.93 6.4  0.381 0.0436
210 6 1 — 0 0o — 716 — — —
210 6 2 — — — —  17.03 1.5 — —

*On fresh weight basis. Harvested September 2, 1947.
1See page 6 for meaning of abbreviations.
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the case of the beans, but it would seem that this effect might be
related to enzyme systems more resistant to heat or to conditions in
the tissue providing some protective action. It is quite striking,
again, that the results of the ascorbic acid oxidase determinations,
as performed in this study, bear no relationship to the occurrence
of “thermal maceration” and the resultant ascorbic acid losses.

These observations bring to mind the possible existence in beans
of catalytic systems of non-enzymic nature (25) which may be re-
sponsible for some of the oxidation of ascorbic acid. While the
present results suggest such a possibility, further work is required
to ascertain the true causes of ascorbic acid losses during partial
blanching.

Total sugars.—In the experiment shown in Table 4 where sugar
determinations were made, there was an approximate average 20
per cent loss of sugars on the fresh weight basis and 10 per cent loss
on the dry matter content basis. The comparatively few analyses
available do not warrant the drawing of more precise conclusions.

Alcohol-insoluble solids and crude fiber—We have already noted
above that both of these constituents showed a slight but definite
decrease due to blanching, indicating a change in the water-holding
capacity of the tissue rather than any absolute losses (Table 4). This
change was more definite with beans blanched at 200° F and above
than with milder heat treatments.

Total nitrogen and nitrogenous fractions.—The total nitrogen
content of the beans used in the experiment given in Table 4 did
not change materially, the average of all blanching treatments being
0.33 per cent as compared with 0.34 per cent in the unblanched
control. This is somewhat puzzling in view of the fairly well estab-
lished increased water contents of the blanched samples. On the
other hand, there seemed to have occurred a definite change of
alcohol-soluble nitrogenous compounds to alcohol-insoluble ones,
this change being discernible in every one of the 15 blanched
samples. The meaning of these observations is obscure.

Ash and calcium.—The results of the ash determinations on the
1946 bean samples were somewhat inconsistent, although with long
blanching times a definite increase in the loss of ash was quite clear.
The 1947 results in Tables 5 and 6 show quite consistent ash losses
in the range of 5 to 24 per cent in every one of the blanched
samples. Generally speaking, both increased blanching tempera-
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tures and longer blanching times tended to accentuate the loss of
mineral constituents. The calcium contents of the bean samples
analyzed indicated a slight increase in several of the blanched
samples, particularly in beans which were blanched for longer
periods. This again indicates the interplay of loss of mineral con-
stituents, on one hand, and the picking up of additional calcium,
on the other, in the pattern observed with the blanched peas.

Commercial-scale Bean Blanching Tests

In the course of these tests, we have made a comparison between
two lots of blanched and canned cut Yellow Wax beans, one of
which was blanched at 185° F for 4.5 minutes and the other at 212°
F for 1.5 minutes. These tests were made under commercial condi-
tions in a canning factory where the lower temperature blanch was
used in the commercial packing of the beans.

The samples were obtained from one lot of well-mixed beans and
were blanched by the full-scale rotary water blancher of the plant.
Afterwards the beans were immediately canned and processed.
Samples were taken immediately after blanching from the blanched
beans, cooled, and part analyzed at once and part after 2 hours of
holding at room temperature. The canned beans were analyzed for
dry matter, ash, ascorbic acid, and thiamine. The results obtained
are shown in Table 7.

Both the short, high-temperature blanch (SH) and the longer,
lower-temperature blanch (LL) completely inactivated the catalase
and ascorbic acid oxidase. Peroxidase activity was absent in the SH
beans, but 59 per cent of the original activity remained in the LL
Iot. Dry matter and ash values were slightly higher in the SH
sample, either because of less leaching or less imbibition of water.
Of course, both factors may be involved, but previous pilot plant
experiments would indicate that imbibition was the more important
cause. A greater destruction of ascorbic acid occurred in the SH lot
during the blanching operation. However, after canning, the situ-
ation was reversed so that the difference had no evident practical
significance. The thiamine content of the LL beans was also higher,
but after canning the difference was slight.

A comparison of the quality of the beans in the two lots indicated
no discernible differences in color, flavor, or texture. Judging from
the few chemical constituents determined in this test, there was little
demonstrable difference between the two lots of beans. The ascorbic



Blanching and Holding Studies 25

TasLe 7.—Comparison of the chemical composition of wax beans processed at 185° F for
4.5 minutes (““LL”*) and at 212° F for 1.5 minutes (“SH), calculated on fresh weight
basis.

RESIDUAL ENZYME

ACTIVITY Dry Ascor- THia-
SAMPLE MAT-  AsH, BIC MINE,
Cata- Peroxi- Acsor- TER, PER  ACID, MG PER
lase, dase, bic PER CENT MG PER 100
per per acid  GENT GRAMS GRAMS
cent cent oxidase,
per cent
Rawbeans............ (100) (100) (100) 9.38 0.595 15.8 0.093
Blanched “LL”........ 0 59 0 8.68 0.471 14.2 0.087
Same, held 2 hours... 0 - 0 — —_— 13.4 —
Blanched “SH”........ 0 0 0 8.88 0.501 11.5 0.061
Same, held 2 hours... 0 0 0 — — 1041 e
Canned “LL”
Beansonly.......... 0 0 0 7.72  0.958 3.5 0.035
Brineonly........... - - - — — 5.8 0.041
Total on bean basis... - - - — — 6.6 0.057
Canned “SH”
Beansonly.......... 0 0 0 8.16 1.146 4.0 0.034
Brineonly........... - - - — o 6.7 0.030
Total on bean basis.... - - - — — 7.6 0.050

acid apparently saved by the use of the lower temperature was
eventually lost in the canning procedure. Blanching at the lower
temperature left a considerable residual peroxidase activity, but
there was no evidence of any related ill effect on the quality of the
finished product.

Lima Beans
Experimental Methods

The only experiment with lima beans was conducted in 1946.
The beans were shelled and washed at a nearby processing plant
and, after covering with ice, were conveyed to the Station labora-
tory. Unfortunately, no mechanical size graders were available for
this work. The lima beans were subjected to an approximate size
grading by passing them over a sorting table and removing all very
small and very large beans. The final samples represented an ap-
proximate average size 4 or “medium,” with a considerable propor-
tion of the immediately smaller and larger sizes also present. The
size and weight distribution curves for the final samples showed
considerable heterogeneity in these respects. However, usually about
50 individual lima beans were present in the duplicate 50-gram
samples taken for analysis and therefore the sampling error was
reduced even if not eliminated. Quadruplicate samples were taken
of the fresh unblanched lima beans.
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After sorting, the beans were thoroughly washed and blanched in
the same miniature experimental blancher as used for the peas and

beans. The times and temperatures of blanching used are listed in
Table 8.

Experimental Results

Enzyme activities after blanching

The three enzymes investigated in this study showed the same
order of resistance to heat as they did in peas and snap beans (Table
8). Catalase was the most heat labile, ascorbic acid oxidase was only
slightly more resistant, and peroxidase showed a relatively high heat
resistance. Except for a slight catalase activity in the sample blanched
at 180° F for 2 minutes, all catalase tests were negative. Assuming a
“base value” of 3 per cent, the only positive ascorbic acid oxidase
tests were obtained in the samples blanched at 180° and 190° F. In
a few instances definite regeneration of peroxidase activity could be
noted after 4 hours of storage, but interestingly enough such regen-
eration was more noticeable with the titrimetric and colorimetric
BH method than by the SR method. Just as with the snap beans,
heating at 210° for longer than 2 minutes was required for the
complete inactivation of the peroxidase.

Changes in water content

The dry matter content of the lima beans ranged from 29.5 to
32.9 per cent, an approximately 10 per cent variation. Although the
weights of single lima bean, both fresh (wet) and dry were deter-
mined in all samples used for dry matter determination, the vari-
ations observed were too great to calculate the results on “single
lima bean basis.” The results shown in Table 8 indicate no definite
trends in water contents. If such changes occurred, they were masked
by the experimental variations in the raw lima beans used.

Changes in ascorbic acid content

With a few exceptions, the losses caused in the ascorbic acid con-
tent of the lima beans by blanching and holding were considerably
less than the losses observed with peas and snap beans. The raw
(unblanched) sample lost no ascorbic acid during the 4 hours of
holding. A distinct increase in the ascorbic acid losses due to blanch-
ing occurred as the blanching temperatures and durations increased.
Only in the sample blanched at 180° F for 2 minutes did ascorbic
acid loss occur of the type due to “thermal maceration” and pre-
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viously described with peas and snap beans. In this case the ascorbic
acid content of the freshly blanched sample was also lower than
would be indicated from the behavior of the other samples and thus
some loss due to “thermal maceration” might have occurred in these
lima beans by the time the zero-time samples were fixed for analysis.
The samples which received a severe blanching of 8 minutes at 210°
showed a considerable loss of ascorbic acid during the subsequent
4-hour holding period. We have no explanation for this phenome-
non.

Changes in total sugars, crude fiber, alcohol-insoluble solids,
nitrogenous fractions, and ash

As expected, the loss of sugars increased as the length of blanching
treatment and the temperature of the blanching water were in-
creased, but it is felt that the extent of sugar losses (mostly below 20
per cent) and the irregularity of the results make a detailed discus-
sion of these results unwarranted. The same holds for the results
obtained on crude fiber and alcohol-insoluble solids.

The results obtained on the nitrogenous fractions are interesting.
The bulk of losses in this fraction occurred in the alcohol-soluble
nitrogenous fraction and only upon prolonged blanching was any
loss from the alcohol-insoluble nitrogenous substances observable.
However, while the proportion of loss in the alcohol-soluble fraction
reached over 25 per cent in a number of instances, the absolute
amount of this constituent (0.07 per cent, on fresh weight basis) is
too small to have any known practical significance.

Within the ranges studied, the lengthening of the blanching
period accentuated the losses of ash constituents more than the ele-
vation of the blanching temperature. This is in harmony with the
observations on peas and beans.

Discussion

The desirability of blanching vegetables before canning is now
generally accepted. At the same time it is also clear that the blanch-
ing operation will remove or destroy some of the vitamins and nu-
trients originally present in vegetables. The problem, therefore, is
to find blanching conditions which will give the most desirable
product from the quality standpoint with the least harm to the
vitamins and nutrients.

The present study also endeavored to assess the effects of the
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blanching operations on the losses which might occur during the
holding of blanched vegetables before canning. Ascorbic acid and
some other chemical constituents were used as indicators of changes
which may occur.

Changes in the activities of three enzymes were used to show the
extent of thermal treatment which the individual vegetable particles
have received during blanching.

With the exception of a single commercial-size experiment on snap
beans, no canning tests were made on the blanched vegetables since
it is now well established that the major loss of ascorbic acid in
vegetables occurs before the product is sealed and processed.

In harmony with various reports in the literature, the experiments
reported here show that the effect of blanching on the various
enzymes investigated depends, in addition to the blanching treat-
ment itself, on the kind of vegetable, particle size, maturity, and
likely some additional but as yet little understood factors. However,
the general statement may be made that catalase and ascorbic acid
oxidase are relatively easy to inactivate in the vegetables studied.
In the case of catalase, heat treatments of 180° F for 6 minutes or
195° F for 2 minutes (in the case of one lot of snap beans) were
sufficient to completely inactivate this enzyme. On account of the
somewhat irregular “base” values, the results are more difficult to
evaluate in the case of ascorbic acid oxidase. Yet, it is clear that a
heat treatment only slightly in excess of that required in the case
of catalase will usually inactivate ascorbic acid oxidase.

The peroxidase required much more severe thermal treatment and
to inactivate it completely and permanently required in the case of
peas, heating to 190° F for 3 minutes; in the case of snap beans, to
210° F for at least 4 minutes; and in the case of lima beans, to 210°
F for 4 minutes. It is believed that the differences observed were
caused by the different particle sizes and particle shapes in the three
vegetables studied. Of course, these will seriously affect the rate of
heat penetration.

In practically every instance observed in this study, a short blanch
at a higher temperature resulted in less loss of ascorbic acid than
a longer blanch at a lower temperature. As was observed in connec-
tion with the individual experiments, an increase in the tempera-
ture of the blanch usually resulted in little accentuation of the
ascorbic acid losses while prolonging the blanching caused increased
losses of ascorbic acid. While this observation agrees with the major
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conclusions of several previous investigations dealing with the effects
of blanching, it is believed that an important cause of loss of as-
corbic acid, namely, the occurrence of “thermal maceration” in the
tissue (7,21), has been insufficiently emphasized in the past. Since
accentuated losses of ascorbic acid occur in underblanched vege-
tables, it is desirable to pass through the region where “thermal
maceration” occurs as rapidly as possible. This can be most effec-
tively accomplished by the use of high blanching temperatures. In
addition to the lesser extents of extraction of vitamins and nutrients
during high-short blanches as compared with low-long blanches, this
constitutes another argument in favor of the application of blanch-
ing temperatures as high as practicable.

Summary

Peas, snap beans, and lima beans were blanched on a pilot plant
scale at various temperatures and for different lengths of time. The
progress of the inactivation of the enzymes catalase, peroxidase, and
ascorbic acid oxidase was followed and the changes which occurred
in several chemical constituents were determined. To clarify the
nature of these changes, blanched peas were held at room tempera-
ture for several hours and samples removed periodically for analyses.

Of the enzymes studied, catalase was easiest to inactivate, peroxi-
dase was the most stable, while ascorbic acid oxidase showed an
intermediate heat lability between catalase and peroxidase. No re-
lationship could be established between the inactivation of any of
the enzymes and of various chemical changes.

Dry matter and unit weight changes in peas during blanching
indicate a progressive loss of solids and a simultaneously increased
imbibition of water. Prolonged blanching increased the removal of
solids while the blanching temperature was only of minor importance
as exemplified by the changes in sugar content. The degree to which
solids were affected by blanching peas varied from large losses of
sugar and alcohol-soluble nitrogenous compounds to negligible
changes, if any, in alcohol-insoluble solids and crude fiber.

The loss of ascorbic acid from peas during blanching is caused
both by the destruction of ascorbic acid by some enzyme system, or
systems, in the pea and by leaching. In this study the loss of ascorbic
acid in raw or adequately blanched peas during holding for 2 hours
at room temperature was negligible. At certain intermediate tero-
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peratures (critical temperatures) where the heating was inadequate
for enzyme inactivation but sufficient to cause “thermal maceration”,
the ascorbic acid losses during holding were rapid and extensive. In
the present experiments peas blanched at 160° F for 1 to 7 minutes
and at 175° F for 1 minute showed this phenomenon of “thermal
maceration”. Where losses were due to leaching as indicated by
stable ascorbic acid values during holding, the length of the blanch
determined the extent of loss more than did the water temperature.

Extensive losses of ash constituents from peas and snap beans were
observed during blanching. Again, the length of the blanching treat-
ment appeared to have a greater influence on the extent of ash re-
moval than did water temperature. Calcium, an important ash con-
stituent, increased with all blanching treatments, undoubtedly by
the combination of various constituents of the tissues and the cal-
cium in the wash and blanching waters.

In beans, catalase showed a varying degree of heat resistance, in
one case being completely destroyed at 165° F in 6 minutes and in
other cases requiring 4 minutes at 180° F for total inactivation.
Peroxidase was extremely heat resistant in beans, invariably requir-
ing 4 to 5 minutes of heating at 210° F for complete inactivation.
Ascorbic acid oxidase required a temperature of 180° F for 4 to 6
minutes for complete inactivation.

Observations on crude fiber, alcohol-insoluble solids, dry matter,
ash, and total nitrogen of snap beans revealed that some of the
changes in these constituents were caused by imbibition of water
rather than by leaching. Approximately half of the apparent losses
of sugars were real. Blanching caused a small fraction of the soluble
nitrogen to be converted to the insoluble state. Total calcium is in-
creased by a contribution from the blanching water.

After the tissue has been disrupted by heat (“thermal macera-
tion”), the ascorbic acid of snap beans is especially liable to enzymic
oxidation in under-blanched material and to non-enzymic oxidation
in adequately blanched beans. These two types of oxidation were
well demonstrated by holding the blanched beans at room tempera-
ture. No corresponding losses of ascorbic acid occurred in un-
blanched snap beans.

The less extensive experiments conducted on lima beans indicated
a smaller extent of loss of ascorbic acid from this vegetable than from
peas or snap beans. Considerable losses occurred in the alcohol
soluble nitrogenous fraction during blanching.
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A single commercial-scale experiment with raw, blanched, and
canned snap beans indicated no significant differences in ascorbic
acid and thiamine or in quality of two lots of beans blanched for
4.5 minutes at 185° F and for 1.5 minutes at 212° F.
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