
Table IV. Effect of Added Nitrite 
on @-Carotene Destruction in Sheep 
Abomasum Juice (Experiment 6) 

8-Carotene Found 

% of 
theo- 

Treatment pG. reficaP 

Abomasum juice + 
Abomasum juice + corn oil + water 1 . .  

corn oil + sodium 
nitrite 2 . .  

Abomasum juice + d- 
cardtene in corn oil + water 21 9 90 

6-carotene in corn 
oil + sodium nitrite 18 7 
a 243 pg. added. 

A4bomasum juice + 

in the juice. In  experiments involving 
the oral administration of nitrites and 
carotene (or possibly vitamin A) to 
monogastric animals, this effect cannot 
be neglected. Its importance in ru- 
minants, hoivever, is not clear. Wang 
et al. (73) report that nitrite nitrogen 
probably passes rapidly and directly 
from the rumen to the blood. It’hether, 
hoivever, nitrite might yet reach the 
abomasum in sufficient concentrations to 
cause significant carotene destruction 
needs study. 

‘The studies discussed here indicate 
that p-carotene is not affected by the 
presence of nitratc: nitrogen under a 
variety of conditions. Furthermore, the 
praence of nitrite nitrogen at about 
neutral or slightly alkaline p H  levels 
apparently causes only very slow de- 
struction of (?-carotene. That provita- 
min A activity has not been affected 
cannot: ho\vever3 be concluded. Copper 

enhances the rate of destruction when 
nitrite is present, and it is possible that 
other substances present in biological 
materials may do the same. As p H  is 
decreased below 6, destruction in the 
presence of nitrite occurs rapidly and 
can result in serious losses of the pro- 
vitamin. The nitrite effect in acid 
solutions appears to be the result of the 
decomposition of nitrous acid to yield 
gaseous oxides of nitrogen which cause 
rapid destruction of @-carotene. 

Destruction of carotene in the rumen 
of animals fed forages containing nitrates 
does not appear to present a problem 
of practical consequence. On the other 
hand, high levels of nitrates in ensiled 
forages may enhance carotene losses 
considerably, and more study of this 
phase of the problem seems justified. 
Furthermore. in experimental work Ivith 
monogastric animals, the rapid destruc- 
tion of carotene in acid fluid5 to which 
nitrites are added must be considered. 
Since no biological tests for vitamin A 
activity \\ere made in this work. it can 
only be assumed that the carotene 
destruction noted did not yield com- 
pounds \ i i th vitamin A activity. In 
view of the considerable amount of \vork 
done on this in the past, hoivever, the 
assumption appears a valid one. 
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STORAGE EFFECTS ON WINTER SQUASHES 

Varietal Differences and Storage 
Changes iln the Ascorbic Acid Content 
of Six Varieties of Winter Squashes 

ABLES OF FOOD VALUES usually T consulted \Then estimating the nu- 
trient intake of groups or individuals indi- 
cate that Tvinter squash contains a rela- 
tivek small amount of ascorbic acid. In 
such tables. Lvinter squash is generally 
not identified by variety. The amount 
of data on specific varieties elsewhere 
in the literature is rery limited. 

Since increasing numbers of different 
varieties are becoming available LO the 
consumer, this investigation 1% as made 
to provide additional information on 
varietal differences and on the effect 

of storage on ascorbic acid content of six 
varieties of winter squashes. 

Studies by Holmes and coivorkers are 
of particular interest. Ascorbic acid de- 
terminations (fresh basis) on five varieties 
6 weeks after harvest shoived distinct 
varietal differences. Buttercup had a 
mean value of 39.6 mg. per 100 grams 
compared with 3.4 mg. per 100 grams 
for Des Moines ( 3 ) .  In addition, their 
findings suggest that changes in ascorbic 
acid content of winter squashes during 
storage are not necessarilv the same for 
different varieties ( f ,  5). 
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Experimental 

The varieties studied during 1957- 
58 were Baby Blue, Buttercup, Blue 
Hubbard, Silver Bell. and SLveet hleat 
of the Cucurbifa maxima species and 
Butternut of the C. moschata species. 
The six squash varieties ivere gro\vn 
in four replications on the University 
Horticultural Farm. The squashes were 
harvested betxveen September l 7  and 
20. and placed in storage on slatted 
racks, keeping the fruit from the 24 
plots separated. 
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Table 1. Mean Values. and Significance (P = 0.01) of Changesb in Ascorbic Acid of Winter Squashes During Storage 

Dry basis 

Fresh basis 

Total solidsd 

Dry basis 

Fresh basis 

Total solids 

Ascorbic Acid 
Baby Blue 

cp IC (10)  (i) (25)- ( 1 5 )  
1 6 3 . 2  1 5 7 . 0  1 3 7 . 0  134 2 1 2 3 . 0  

Blue Hubbord 

(25) 

(25)  

7 0 . 0  

9 . 2  

(10) 
1 1 5 . 0  

1 4 . 6  

( 5 )  

( 5 )  

1 3 2 . 2  

2 3 . 4  

( 0 )  

(0) 
1 5 0 . 2  

3 5 . 0  
(15)  
1 4 . 2  

(10)  

Buttercup Silver Bell 

( %T 
9 4 . 8  

(10)  
1 1 9 . 0  1 0 7 . 2  

(25)  
1 1 9 . 8  

(0) 
1 2 6 . 2  

(0) (15)  (10)  (5) (25)  
1 8 5 . 5  1 7 6 . 2  1 5 6 . 0  1 5 0 . 2  1 2 8 . 8  

Dry basis 

Fresh basis 

Dry basis 

Fresh basis 

Dry basis 

Fresh basis 

Dehydroascorbic Acid plus Diketogulonic Acid 
Baby Blue Blue Hubbard 

(15) 
1 8 . 0  

(15)  
2 . 3  2 . 4  

(25)  
1 9 . 0  
( 25)- 

(10)  

(10)  
2 0 . 2  

2 . 8  

( 5 )  

( 5 )  
2 6 . 5  

4 . 7  

( 1 5 )  (0) 

(10)  (15)  (0) 
2 7 . 5  4 4 . 0  

1 0 . 2  

(10)  (5 )  
____ 2 9 . 2  2 8 . 2  

(0) 

(0) 
3 4 . 8  

8 . 4  

(25)  
4 6 . 5  
(25) 

9 . 5  ~ _ _ _  6 . 4  5 . 9  
( 5 )  
7 . 6  

~~ .__ 

Silver Bell 

2 9 , s  

7 . 3  6 . 4  

(10)  
Buttercup 

2 3 . 0  

8 . 7  6 . 6  6 . 4  

21 . o  
6 . 3  4 . 8  

( 5 )  
2 7 . 8  

(15)  (25)  (0) 
3 7 . 8  3 7 . 0  

(10)  
1 9 . 2  

(5)  

(10) (1%- (0) 
5 . 8  5 . 3  

(0) (25)  (5)- 
2 2 . 5  

(15)  (25)  (0) 
3 0 . 8  28 .5  

(15)  (10)  (25)  ( 5 )  
9 . 4  

~~~~ 

Total Vitamin C- l ike Compoundse 
Boby Blue Blue Hubbard 

~ ~~ 

(257 
89 .O  

(25)  
1 1 . 6  

(10) 
(15)  1 2 2 . 2  

(5) 

( 5 )  

1 5 8 . 8  1 3 3 . 0  

1 7 . 0  

(0) (10) (25)  (5) (15)- (0) 
___ 1 9 4 . 2  

3 7 . 1  3 3 . 1  4 5 . 2  

Dry basis 200.0 1 8 6 . 2  1 8 0 . 8  1 6 5 . 2  1 5 0 . 2  

(0) (5)  
Fresh basis 4 8 . 6  4 4 . 3  

(15)  
1 7 . 0  

(10) 
2 8 . 1  

(25) (15) (0) (10)  
41 . O  

Silver Bell 

1 4 8 . 5  

3 0 . 9  

~~ 

Buttercup 

2 1 4 . 0  1 9 9 . 2  1 7 5 . 2  1 7 2 . 8  1 5 9 . 5  
(25)  
3 4 . 5  ( l o )  5 2 . 3  4 8 . 9  4 5 . 6  

( 5 )  

( 5 )  
1 2 2 . 5  

2 8 . 1  

(10)  

(10)  
1 2 8 . 2  

2 9 . 4  

(15)  

(5) (15) (15)  (25)  

(25)  
1 5 7 . 5  

3 1 . 8  

(0) (15)  (10)  ( 5 )  (25)  (0) 

(0) 
1 6 3 . 2  

4 1 . 2  

~- ~- Dry basis 

Fresh basis ~- - 

ip 
6 3 . 7  -~ 

Sweet Meot ~ _ _ _ _ _ _ _ _ _ _ _  __ Butternut 

8 9 . 8  
(25)  
8 4 . 5  

(15)  
( l o )  1 0 5 . 8  1 2 4 . 5  1 1 7 . 8  

( 5 )  (0) 
1 7 6 . 5  

(15)  (25)  
8 7 . 8  8 5 . 8  

(10)  (0) (.5 ) 
Crv basis 1 8 6 . 0  103 .0  

~~ - 

(15)  ( 2 5 j -  
2 2 , o  1 4 . 8  

(10) 
2 6 . 4  

(5) 
2 8 . 3  

(15 )  ( F 5 7  (0) 
Fresh basis 3 5 . 6  ‘ l“ )  1 6 . 4  1 6 . 1  1 3 . 3  4 5 . 7  

(5)  
21 . o  

(0) 

Mean of four replications, expressed as mg. per cent. 
Any two means underscored by the same line are not siqnificantly different from each other at the 1 % level. 
Kumber of weeks of storage. 
Mean of four replications. expressed as per cent, Same percentages apply also for DHA + DKA and total vitamin C-like compounds. 

e Sum of ascorbic acid and dehydroascorbic plus diketogulonic acids. 

144 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



Six varieties of winter squashes were studied to determine varietal differences and effect 
of storagle on ascorbic acid content. Buttercup and Baby Blue varieties were consid- 
erably hilgher than Blue Hubbard and Buiternut in ascorbic acid content and in total 
vitamin C.-like compounds (Le-, sum of ascorbic acid and dehydroascorbic acid plus 
diketogulonic acid). Ascorbic acid averaged 82.0 f 6.9% of the total vitamin C-like 
compouncls. Ascorbic acid and the total vitamin C-like compounds decreased during 
storage with two thirds of the loss occurring in the first 5 weeks. High ranking varieties 
retained la larger proportion of the harvest value than low ranking varieties. The find- 
ings indicate that variety and length of storage are factors to be considered when estimat- 
ing the antiscorbutic value of winter squashes. 

Table 11. Ascorbic Acid Values of Six Varieties of Winter Squashes. 

Variety 

Buttercup 
Babv Blue 

Dry Basish 

159.4 a 
143.3 ab 

Fresh Basish 

.ASCORBIC .ACID 

42.8 a 
33.2 a 

silvkr Bell 113.4 bc 25.5 b 
Sweet Meal 100.8 c 22.7 bc 
Blue Hubbarti 113.9 bc 19.3 bc 
Butternut 90.2 c 16.6 c 

T O T A L  VIT.AMIN C-LIKE COMPOUKDS'  

Fresh Basis 
Adjustedb 

38.6 a 
29.2 b 
23.4 bc 
21.1 cd 
18.1 cd 
14.7 d 

Buttercup 184 2 a 
Baby Blue 176 6 ab 
Si1\ er Bell 144 0 bc 
Sweet Meat 121 8 c 
Blue l-Iubhard 139 4 bc 
Butternut 110 8 c 

49.4 a 44.4 a 
40.8 b 35.8 b 
32.3 c 29.7 bc 
27.4 cd 25.5 cd 
23.8 cd 22.4 cd 
20.5 d 18.1 d 

11 Mean oi  determinations made at harvest and after 5. IO. 15. and 25 weeks ofstorage. 

Means within a column followed by the same letter or letters are not sisnificantly 
Values are ins. per 100 grams. 

different fiom each other at the 1 yo level. 
c Sum of ascorbic acid and dehydroascorbic plus diketogulonic acids. 

Storage condition 
cedures, and total SCI 

have been described :m detail in previous 
papers (6-8) dealing Lvith concurrent 
studies of the @-carotene. starch, and 
sugar content of these varieties. 

At harvest and folloiting 5, 10: 15, 
and 25 weeks of storage. a representative 
fruit or fruits of each variety from each 
replication \\'ere taken from storage, 
and the weight loss was determined. 
The  ra\v edible portion \cas cubed. 
and 700-gram samples \\-ere blended 
with -350 ml. of a 3 7 ,  oxalic acid-6% 
thiourea solution and 1050 ml. of 
glass-distilled \cater. 

The vitamin C-like compounds were 
determined by the 2.4-dinitrophenyl- 
hydrazine method published by the 
Association of \-itamin Chemists ( 7 ) .  
in which the ascorbic acid values (fre- 
quently referred to in the literature 
as reduced ascorbic acid) are obtained 
by the difference beriveen the determined 
total vitamin C-like compounds and 
dehydroascorbic acid plus diketogulonic 
acid. Dehydroascorbic acid plus dike- 
togulonic acid is subsequently referred 
to as DHA + DK.k 

During 1958-53. as part of another 
investigation. the 13aby Blue, Silver 

Bell: and Sweet Meat varieties were 
grown in four replications and stored 
under comparable conditions. Ascorbic 
acid content !cas obtained at  harvest 
and after 6. 10. and 16 weeks of storage. 
using the 2,4-dinitrophenylhydrazine 
method modified by Schafferr and 
Kingsley ( 9 ) .  Determinations are made 
of the ascorbic acid plus dehydroascorbic 
acid and of the dehydroascorbic acid; 
ascorbic acid is the difference between 
these values. 

Results and Discussion 
The  mean values for ascorbic acid, 

DHA + DK,4. total vitamin C-like 
compounds: and percentage of total 
solids of the four replications of each 
variety at each sampling date in 1957-58 
are presented in Table I. Since certain 
decreases and differences in total solids 
content during storage and between 
varieties influenced the fresh basis 
values? findings are expressed on both 
the fresh and dry basis. Storage changes 
and varietal differences in total solids 
have been presented in previous publica- 
tions (6> 8). 

.4nalysis of variance showed highly 
significant differences among varieties 
and among sampling dates, but no 

v o  L. 1 1, 

significant differences among replic2.- 
tions in the content of ascorbic acid, 
DHA + DKA: and total vitamin C-like 
compounds. Duncan's multiple range 
test (2) was used to examine specific 
differences between varieties and sam- 
pling dates. The resulting significant 
differences are indicated in the tables. 
Significance refers to the 1% level 
of probability unless otherwise stated. 

The fresh basis figures were also 
adjusted for weight loss of squashes 
during storage to evaluate absolute 
changes. The significance of this ad- 
justment has been discussed elsewhere 
(6). The weight loss of squashes oc- 
curring during storage. particularly 
during the first 5 I\-eeks after harvest. 
accentuated the decrease of the ascorbic 
acid. DH.4 + DKA, and total vitamin 
C-like compounds content expressed 
on an absolute basis. Varietal differences 
in !\-eight loss will b t  discussed in a 
separate paper. 

Values for ascorbic acid and total 
vitamin C-like compounds shown in 
Table I1 are the means of all determina- 
tions made on each variety on the dry. 
fresh. and adjusted-fresh basis, respec- 
tively. 

The findings on as- 
corbic acid are of particular interest. 
The majority of the antiscorbutic agents 
in plants occurs as ascorbic acid. and 
the vitamin C content of foods is, there- 
fore. usually expressed in this form. 

The varietal differences are striking. 
In  Table 11. the values on the fresh 
basis for Buttercup and Baby Blue 
were significantly different from those 
for Blue Hubbard and Eutternut. the 
first t\co varieties containing about 
doutle the amount of the latter t\co. 
Adjusting the figures for \\-eight loss 
did not change the rank order of the 
six varieties. and changed only slightly 
the magnitude of the differences in 
the ascorbic acid content. O n  the drv 
basis. similar differences between vari- 
eties existed. Th: values reflect the 
fact that the six LTarieties differed in 
total solids content at  harvest and 'or 
in the rate and extent of change in 
total solids during storage. The ascorbic 
acid value for Buttercup \cas again 
significantly higher tham that for Butter- 

Ascorbic Acid. 
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Figure 1 .  Retention of total vitamin 
C-like compounds during storage 

High = mean of Buttercup, Baby  Blue, and 
Silver Bell. Low = mean of Sweet Meat ,  Blue 
Hubbard, and Butternut 

nut. The findings did not vary to 
any great extent when varietal dif- 
ferences were examined at  each sampling 
date. 

The ascorbic acid content decreased 
during storage. The rate and extent 
of this decrease varied among varieties. 
On  the fresh basis, the loss became 
statistically significant in Blue Hubbard 
after 10 weeks of storage, in Buttercup 
and Butternut after 15 weeks, and in 
Sweet Meat after 25 weeks. As could 
be expected, on the adjusted-fresh basis, 
the values decreased more rapidly, 
and differences were already significant 
for Buttercup and Butternut after 5 
weeks of storage. On the dry basis, 
storage changes were less pronounced. 
becoming significant in Butternut after 
5 weeks and in Blue Hubbard after 
25 weeks of storage. 

No significant differences existed be- 
tween varieties or sampling dates in 
the proportion of ascorbic acid to total 
vitamin C-like compounds. Ascorbic 
acid averaged 82.0 =t 6.9% of the 
total vitamin C-like compounds (fresh. 
dry, and adjusted-fresh bases). The 
positive association between the two 
were highly significant, the correlation 
coefficients ( r )  ranging from $0.942 
to +0.995. 

Dehydroascorbic Acid plus Diketo- 
gulonic Acid (DHA + DKA). Varieties 
did not differ in their content of DHA + 
DKA on the fresh. dry, or adjusted-fresh 

basis during the first four sampling 
periods. After 25 weeks of storage, 
Baby Blue contained significantly more 
than Butternut and Sweet Meat. 

During storage, the DHA + DKA 
content tended to decrease. This de- 
crease became significant in Blue Hub- 
bard and Sweet Meat as shown in 
Table I .  

M’hen the DHA + DKA values 
were expressed as percentage of the 
total vitamin C-like compounds, no 
significant difference existed between 
varieties or sampling dates. On  the 
average, 18.0 + 6.9% of the total 
vitamin C-like compounds was in these 
two forms. LVide variation among 
varieties and replications were apparent 
on the last sampling date. The cor- 
responding mean for the first four 
sampling dates was 17.2 =k 4.8%. 

Total Vitamin C-Like Compounds. 
Since the ascorbic acid values are the 
difference between the values of the total 
vitamin C-like compounds and DHA + 
DKA. and since varietal differences and 
storagr changes in DHA + DKA were 
minor, the findings on the content of 
total vitamin C-like compounds were 
similar to those on the ascorbic acid. 

Buttercup and Baby Blue were again 
the high-ranking varieties, and Blue 
Hubbard and Butternut the lowranking 
varieties (Table 11). Significant dif- 
ferences between varieties and between 
sampling dates, on the three bases of 
expression, followed a pattern com- 
parable to that for ascorbic acid. 
Similarly, the content of total vitamin 
C-like compounds decreased during 
storage. The sampling date when such 
decreases became significant was not 
always the same as for ascorbic acid. 
S o  biological importance, however, is 
attached to this behavior, considering 
the variability among samples of the 
different varieties. 

Figure 1 shows the mean percentages 
of the harvest values of total vitamin 
C-like compounds retained at  each 
sampling date by the three high-ranking 
varieties (Buttercup, Baby Blue, Silver 
Bell) and the three low-ranking varieties 
(Sweet Meat, Blue Hubbard, Butternut). 
During storage, the high-ranking group 
retained a significantly higher proportion 
than the low ranking group. 

Seasonal Comparisons. In 1958-59, 
the ascorbic acid content of Baby Blue, 

Silver Bell, and Sweet Meat was ob- 
tained by the method of Schaffert and 
Kingsley (9). The ascorbic acid values 
of these three varieties did not differ 
significantly from the values obtained 
in 1957-58. When the varieties were 
ranked according to their ascorbic acid 
values, their relative positions were 
the same in both years. The total 
solids content of the varieties did not 
differ between the two years. 

As during 1957-58, the ascorbic acid 
content of these three varieties de- 
creased. The statistical significance of 
this loss was not always consistent 
among sampling dates in both years. 
However, these differences in storage 
changes between the seasons is probably 
more a change effect of variability 
among the samples than an actual 
seasonal effect. 

Because of the difference in the 
methods of analysis, seasonal comparisons 
have been presented only for ascorbic 
acid. 
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