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The authors: report ascorbic -acid values: for corm,.

" peas, green heans, lima beans and spinach in_the raw

- and canned state as influenced by varying periods and

" conditions of storing and washmg the freshly plcked
vegetables. . .

Factors affecting the nutritive value of canned vege-
tables. are being widely studied.  The aspects of the
problem investigated in this study were the changes in
‘ascorbi¢ acid,. thiamine, riboflavin and carotene in
vegetables stored under. varying conditions and for dii-
ferent times between harvesting and canning. The con-
ditions and times of storage were representative of those
used. by .commercial canners or considered to have some
possibility of use during periods of peak load. The
. ascorhic acid values are reported in this paper. :

- A number. of studies have been made on the changes
in ascorbic acidl confent of vegetables durmg storage:
Mack and Tressler (9) found that peas in the pod lost
very. little ascorbic acid when held at' 1 and 9° C,, but
that there was considerable loss at 18 and 22° C. Tress—
ler, Mack and Jenkins {12} reported that refrigeration
retarded the loss of ascorbic acid in lima beans and that

shelled lima beans lost ascorbic acid about twice as™

rapldly as did. the unshelled ones. Eheart, et al (3),

concluded that lima beans should be stored in the re-
frlgerator in the pod for maximum retenhon of ascorbic -

acid.”

" Dunker, Fellers, and’ I‘ltzgera!d {2) found that corn
stored in the husk either at room or. refrigerator tem-
peratures lost almost no ascorbic acid the first day and
showed .only a 20% loss after three days’ storage.
Lamb (6) found that green beans lost ascorbic acid
rapidly ‘during the first 24 hours at room temperature,
but that subsequent losses were small. Mack and Tap-
ley (&) stated that snap beans lost ascorbic acid rapidly
at all temperatures, but the rate of loss was somewhat
less at lower temperatures. Gordon, Griswold and Por-
ter (4) found that the use of snow ice in holding green
beans improved the ascorbic acid retention materially
over that of beans held at room temperature. The work
of Bra.sher, et al (7) indicated that for shelled lima
beans, ice refrigeration was preferable to cracked: ice
storage.” They suggested that the increased loss of ascor-
bic acid-of the beans stored in cracked ice might be
attributed’ to the effect of extra moisture in favoring
eRZyme act1v1ty The use of a propionate solution as a
dip or ‘spray to prevent microbial growth in stored
produce has been suggested by Wolford and Anderson

(13).

*}ourrial Article No. 868 (N.5.) from the Michigan Agri-
cultural Experiment Station. This is No, XXXII in the series
on the Nutritive Value of Canned Foods, supported in part by
funds provided by the National Canners” Association and the
Can Manufacturers’ Institute.

228

]ackson (5) 1nvest1gated. the -changes' in reduced,
dehydro- and total ascorbic acid during refrigerated
storage of peas and spinach. . She reported that peas
retained nearly all their ascorbic-acid for 48 hotrs, while
spinach lost 7% of the reduced: and 23% of the total
ascorbic acid. Most of the samples showed a decrease
in ascorbic acid during the first hour of storage, fol-
lowed by an increase after three hours, then a gradual
drop to or below the original value with increased tinie
of storage.
' Materials and Methods

* Details concerning the growing, ‘narvestmg and
handimg of the vegetable crops are given in the first
paper of this series, (Marshall 'and Robertson 10).

Field samples were obtained by random hand picking
of the field just before the crops were harvested, and
vere analyzed as rapidly as possible, usually within 30
minutes after leaving the field. Therefore, these samples
were analyzed one to three hours before the samples
marked as “prompt handling”. in_the storage series,
since all the storage series samples went through the
usual commercial handling procedures. The field sam-
ples were not canned. since it was not. possible, to pro-
vide 2 large enough sample to process with cannery
equipment. :

Five to 10 pounds of each sample of raw vegetables
were brought to the laboratory for ‘analysis. Samples
which contained dirt were washed in tap water, then
dried with towels. The samples which had been washed
as part of the storage treatment did not require further
washing. Four ascorbic acid determinations were made
on each sample of corn, green beans and lima beans, and
five on each sample.of peas and spinach. Total solids
determinations were done in duplicate.

In the lots that were canned, one number 10 can from
each storage sample was opened and drained five min-
utes in a large colander. Weights of the solid and liquid
portions were recorded. Solids and liquids were
analyzed for ascorbic acid and total solids. The ascorbic
acid values for the total can contents were calculated
from the ascorbic acid content of the solids and liquid,
and the original weight of each contained in the can.

Because of technical difficulties, it was necessary to do
total, rather than reduced ascorbic acid on the corn.
The method used was that of Roe and Qesterling (11).
Ascorbic acid determinations for the peas, string beans,
lima beans and spinach were made by the Loeffler and
Ponting method (7). Five percent metaphosphoric acid
was used for the original blend and the blend diluted
to conform with the method as described.

Total solids were determined by drying weighed. sam-
ples for 48 hours in a 70° C. oven with forced air
circulation. .

The times indicated in the discussion of results and in
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the tables c;:)'r'respbnd: to-those' given by Marshall ‘and 5

Robertson (10 ) as elapsed time from harvest to
processmg Resul ts

“The ascorblc acid contents of the vegetables are hsted- '

in Tables 1 to 5. Data are given for the raw and canned
vegetables, on hoth the wet and dry basis. The values

for the canned. sa,mples are based on .the total can con-

tents. = :

¢ om The data obtamed ‘o corn are summwnzed in
Table- 1. . The two lots of raw. corn- followed about the
same’ pattern the ascorblc acid decreasmg shghtiy with

‘holding, then nicreasing fot the longest holding period.

The results were about the same when calculated on
the dfy basis; indicating that:the increase was not due
to water loss. The two lots differed in maturity as well

" as variety, which would account for the higher level of

ascorbic acid in the second lot.

The canned samples all had ‘about the same amount
of ascorbi¢ “acid remaining in themi, with ‘the exception
of “the’ “prompt handhng”'sample of Seneca Golden,
which had the lowest ascorbic acid content in. both the
raw and canned samples,

"TABLE 1

Ascorbic acid velues for corn .-

[ . ; . - Raw: DT § . Canned -
Variet Method of holding Time ST mgf100gm, | s
ariety L e hrs. mg/100gm. .. |. . mg/gm.. : .mtgt:;;al cgf .. mg/gm.
s Lo raw weight . L solids contents soluds
"Seneda - Golden - Field sample 9.7 S LR L
Dot e Prompt handling 2.3 7.7 L0230 -1 P
‘Held on wagon - 5.9 85 co 02T LAt =t
TR e o 87 8.1 eglegs 44 i
25.5 9.5 028 B i
- Golden Bantam. . . Field sample e 13,6 . | 048 R
oo * Prampt’ handling 20 138 07 T ass 03z
Held on: wagon =, « - 4.9 12.3° 047 o30S
o 7.4 13.6 fo. 052, 2 03100 L
238" 153 056 T

_*."N'ot. catined: “tNot detcri_ﬁined:' 3

" TABLE 2

Ascorbié acid walucs for peas .

: . SR - ‘Raw: - . © 0000 Cannedi
. Yarie.ty Method of heldmg. _ Time, hr.s- . i/ 100gm. . mg/gm . mt%ﬁfgf:l gm0
Triesoy ' el B S raw weight: | .o . selids: ‘eonténts = sresolids:y
“Field sample ™ : 22.2 _ 1.10 o >
. BPrompt -handling - 2.3 205 vy .- 104 T B o 64.-7 =
. Shade o 5.5. 14.1 - . 0.94 9.8 . D76
i 'Washed, shade < : 35707 151 S 10,82 6.8 048
) : : Unvined .. .. - 4.3 F19.8 L0 s L Coa®
RN h E h .Runnmg water 9.3 % 12.9 : . 0.84 _7.3
" Thomas Laxton' [+ Cold storage 77" L 10855 A 0,570 B.6
: e R ©22.8. 98 .| 049 ... A
o S 46.8 5.7 U e e
- Washed, cold sforage: .94 1040 e T 0.64 L83
. o - 22.8: 1o . . 0.63 .. 6.1 :
’ - 46,8 10.2 T ’ 0.54 T59°
Snow lee o, o T b 228 111.8 R A P 0.64 - 78
_ : 468 . 6 . 0,58 &7
Field sample .l - .22.4 B 75 5 R o
Prompt handling 1.3 185 - 0.97 . 8.0 .
Shade- L 48 15,07 < Sl T0707 X
R 10,3 159 - | .. 0.81 LT
 Washed, shade 4.8 166 (.80 - 8.5
T i 1063 S 1610 0 : ¢.89 - 5.9
[T ) Running water . . F T 2 12 146 o) . 09D .59
“Pride 7| Cold storage ’ ’ 16.3 17.8 o 0.94 8.7
R A - i B e 2608 (13,3 - o063 69
P 483 61 o, | . 079 6.2,
- Washed, cold storage R TR 150 R 57
P L 26.0 2.4 0| 0085 £ 150
o o483 159 . . 081 6.7
Sriow ice - U T 260 3.0 ¢ .66 59
s : 48,3 C162 oo - es2 61
‘Field sample’ : Sl 24.6 S - AR e clILE s
Prompt handling SR I 12 J16.2 N 0.80:. - 7 0.6 .. 0,56,
Stiade | L B 44 16.0 ’ ©0.75 10.3 0.71
P o R : . - 7.9 18.3 3 10.6 0.68
Washed, shade . : . 44 15.3 0.74 11.3 0.84 .
‘ s ) ) ’ 7.9 21.9 . 1.24 E et - R,
Shasta L Unvined .. - - 17.3 159 - o078 . .z o 0.73°
: : Running. water 7.9 16.2 0 | o 0850 BENET/ I EES AN RRR | 7 3
Coid storage 7.9 232 . fo.ooonzo : 110, . oLoeage
242 17.5 083 i . -t
‘Washed, cold storage 7.9 24.Q o 1.35 9.7 0.63
- B : : 24.2 21.5 1,37 8.5 ‘.55
Snow ice 242 19.5 1.00 8.9 0.58

*Not canned. iNot determined.




Peas: The ascorbic acid valites for the peas are given -

"in_Table 2. . The highest ascorbic acid retention in the

" raw Thomas Laxton peas was found in the “prompt
handhng sample. The sample held 4.3 hours before
vining ‘was-the fiext highest. Washing the shelled peas
“before holding increased the ascorbic acid reténtion.

The "“prompt handhng éample of raw Pridé peas
was also highest in ascorbic acid reténtion, the second
hlghest being the sample,] held 10.3 hours i in cold storage.
The washed samples of raw Pride: ‘peas. were slightly
higher. than the unwashed: when held in the shade, but
not-when held in cold storage.- :

“The samples of raw Shasta‘peas’ mcreased in ascorbu:
acid content with' mcreased time of hoidmg i the shade,
also when held 'in ‘cold storage: 7.9 hours. The highest
ascorbic acid content: was. found in the washed.sample
teld 7:9: hours:incold‘storage,-and the second highest

- was™in’ the’ unwashed sample heid the -samie: length of
tirie - «
The hlghest ascorhic acxd values for ‘the canned
peas were: “Thomas Laxton; 5.5 hotrs it shade; Pride,
2_6 hours in cold storage; Shasta, washed and 4. 3 hours
' 1'-_111 most . instances; the ascorbic. acid- of the
canned samples. decrea.sed as the time. of holding the
raw product urider any one: set of conditions increased.
Green becms Tabie 3 summarlzes the values obtamed

TABLE 3

Aswrbsc aﬂd vaIue,; far green betms ( Laudrcﬁh s .S'fmngiess Grermpnd )

o . ' Rz_l.w:_ o o .Canned
Method of | T h‘. o ag/100gm.
holding . Tife, __rs | me/160gm. | mg/gm Iﬁg{al cag;n mg/gm
TSI e - foraweweight | solids:! cantents | golids
Field saniple R B N F
Prompt handimg- :o26:1 | 2051 7. 4.94
Shaue 26,0 2.44 8.4 0.81
26,3 2.10 7.2 0.77
23-24 - 22.0 1.89 6.6 0.74
48 . 181 1.57 51 0.55
i3 27.4 2.66 8.8 0,97
’ T o23-24- 26.7 2,29 8.8 0.58
Cold storage 48 . 284 . 2.69 9.5 0.84
. 72 25.0, 2.18 7.5 6.82
120 19.9 1.86 6.7 .68
_ 48 27.7 2.67 8.3 0.91
Snow ice 72 2Z.0 2.20 8.3 6.85
Co 120 19.1 1.88 [ - 7.2 0.35

*Not canned,

for green beans. The ascorbic acid content of the raw
green beans remained, high for 5-6 hours in the shade,
and 48 hours in cold storage, then decreased. The sam-
ple held 11 hours in the shade had decreased in moisture
content so that the ascorbic acid content was lowered
when calculated on the dry basis. The use of snow ice
on the beans in cold storage dld not mcrease the reten-
tion of ascorbic acid.

The values for the canned beans showed about the
same trend as for the raw beans, the ascorbic acid con-
" tent holding up for the samples stored 5-6 hours in the

shade and 48 hours in cold storage, then decreasing.
" The use of snow ice apparently improved the retention
of ascorbic acid in the canned samples which had been
held the longest period (120 hours) in cold storage prior
fo'canning.

" Limig beans: The ascorbic acid content of the raw

lima beans decreased gradually with increased holding
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time under any conditions (Table 4). Washing the
beans after vining improved the retention of ascorbic
acid.- The use of 'a 10% - Calcium propionate- dip de-
creased  the retentton of “ascorbic “acid. " Holding " in
runming water or in snow' ice was not beneﬁaal The'_

"“TABLE 4

Ascorbic acid valiies for Kma beans ¢ Tkéi-'o:greén)' N

LT ey . - Raw 077 . Canned
" Method of * . |* Time - cE R
. holding - -.,.| |hrs. mg/lUUgm mg/gm x?g&ogag: mg,{g’m
E ColE Tl F raw weight | solids | gomtents | solids
Field sample ) 41.9 3.43 ] Ll e
Prompt handiing - - | 1.5-1.9 32 1.83 13.3 - {045
Shade S 308 | L62. 124 | 046
38 R32S |Er114 04077
R ) . 269 . 1.36 . 10,2 034
Runeing water 8. 262 151 9.1 7 |0.3%
coe e e 2400 o 220800 ] 1290 | 89 0.32 .
Washe’d, shade ] 8.29.2 33.3 1.99 tes | 038 .
.24 30.7 1.76: | 106 - 3 0390
10% Ca Pri, shade .24 238 ~i.22 |-, 10.8 -0.39
Cold storage R SRR 286 S 148 L 112 L 040
_ 48 | ovzdr, oz | T D
_ 120 ) 244 | 126,
Washed, cold- . B SR
storage . . . 120, 26,8 00 Ldds
10% Ca Pri,cotd ~] - e . :
. storage | 12000 2006 111,06
Snow ice . 24 . 24.0 1.25
126 | 189 | .0.90

*Not canned TCalcmm proplonate. a

unwashed beans could be held 8, 2- 9 2 hours in the shade
or 48 hours in cold: storage with only small foss of ascor-
bic acid as compared to the “promypt handling” sampie
The - washed.- beans heid up. Well for 24 hours in“the
shade: .

The ascorbic aczd values for the canned hma bea.ns
were more nearly alike than were the values for the raw
beans, but the trends were the samé.

Spinach: The two runs of spinach differed in orlgmai
ascorbic acid content, due to differences in variety,
planting date, and soil. However, the pattern of change
in ascorbic acid content with holding was the same, all
the samples retaining a high level of ‘ascorbic acid except
those held longer than 24 hours in the shade., There
was little difference between holding in baskets or in
piles in the shade.” These results are summarized in
Table 5. - ' '

Most of the canned samples were lost through spoil-
age, so no ascorbic acid values are reported -for these.

) TABLE 5
Ascorbic acid values for spinach.
Raw
Method of Time " Upland Muck
kolding hrs. : :
mg/1G0gm. | mg/gm i mg/100gm. [mg/gm
raw weight | solids } raw weight | solids

Field sample 31.8 4.90
Prompt handling 2z e . 314 4.16
Qvernightin field | 17 51.0 6.69 . . -
Shade, baskets 7 32.2 4.75

21 54.5 6.80 .

24 32.3 4.62

37 44.3 6.40 '

72 18.4 2.85
Shade, pile 24 32.6 4,82

37 47.9 6.19
Cold storage 24 34.7 5.13

37 57.7 7.13

61 56.0 7.32

72 ) 31.9 5.22

133 | 568 7.91
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3 . Summary _
| The changes in ascorbic acid content have been deter-
' mmed for vegetables held different lengths of time under
various conditions. The data were calculated on both
the wet and the dry basis.
Under the conditions of this series of expenments, the
following conclusions seem tenable: .

1. Where the length of storage was comparable, cold
storaze usually gave bettér ascorbic acid:fetention. than
starage at outdeor tenmeratures espemally as the hold-
ing time increased. :

2. -Holding pcas and hma baans “in runmng ‘water
generally decreascd the ascorbic acid retention. .

3. Washing b:fore holding definitely increased the
ascorbic acid retentmn of the hma. beans, but made httie
difference in the peas. :

4. The tse of a 10% Calcmm propmnate wash de-
creased theé ascorbic acid retention in the lima beans,
the only vegetable on which this was tried. '

5. Ascorbic - acid retention in corn was 1ot much
aﬁected by any of the treatments used.
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