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Carotene supplies approximately three fifths of the vitamin A values in the normal diet. 
Dark green, leafy vegetables are especially rich in carotene, but may lose it rapidly 
unless properly handled after harvest. Temperature and humidity are primary factors 
in the preservation of these crops. Kale, collards, turnip greens, and rape were subjected 
to slow, moderate, and rapid wilting at 3 2 O ,  50°, and 70' F. Conditions favorable to 
wilting resulted in a more rapid loss of carotene, but unfavorable temperatures hastened 
its destruction much more rapidly than did wilting. 

ITAMIS A is not found in plants, V but carotene-provitamin A-oc- 
curs regularly in many fruits and vege- 
tables. The structure of /J-carotene, the 
principal carotene of most plants, is 
such that on hydrolysis in the animal 
body two molccules of vitamin A may 
be formed from each molecule of p- 
carotene. 'The Food and Nutrition 
Board, National Research Council (.q)> 
estimates that carotene and related 
compounds supply two thirds ol the 
vitamin A activit) in the American diet. 
Leafy: dark green, and deep yellow 
vegetables are especially rich in these 
substances and are primary sources 
of supply for vitamin A values. 

Most fruits and vegetables are grown 
in districts far removed from the popula- 
tion centers? and must be transported 
long distances to reach the consumer. 
Conditions surrounding the products 
during the period between harvest 
and the time they reach the consumer 
determine to a large degree what part 
of the at-harvest vitamin values are 
available to the consumer. 

The major factors in the preservation 
of fresh vegetables are temperature and 
humidity. Low temperatures retard 
normal metabo!ic changes and the 
development of pathogenic organisms. 
Low humidity and I or rapid air rnove- 
ment often result in wilting and a less 
attractive product. \Vilting plasmolysis 
may also hasten oxidation of cell con- 
stituents and thereby have a n  adverse 
effect on carotene content. 

The literature on the preservation of 
carotene in leafy vegetables is limited, 
both as to the effects of temperature 
and of humidity. \Yith alfalfa. Mitchell 
and Hauge ( 8 )  reported that under field 
conditions little loss of carotene occurs 
until wilting takes place. Harris and 
Mosher (7),  reporting on carotene in 
lettuce, concluded that the evidence 
indicates relative humidity-or better 
its corollary, relative aridity-is at  least 
as important as temperature in the 

preservation of foods. Ezell and \Vilcox 
(3) found that temperature \vas much 
more important than humidity, in the 
preservation of ascorbic acid (vitamin C) 
in various leafy veqetables, although both 
affected the rate of loss. They also 
studied the effeci of temperature on 
the carotene content of sweet potatoes 
14) and found that while one variety 
(Nancy Hall) lost carotene during 
srorage at all temperatures, the three 
other varieties studied tended to lose 
carotene at unfavorable storage tempera- 
tures, but to maintain or increase carotene 
as more favorable temperatures were pro- 
vided. Storage humidity (5) had rela- 
tively little effect on the carotene content 
of this crop, although loss of moisture 
in roots stored at  low humidities, and1 or 
~ i r h  rapid air movement? resulted in 
some shrinkage and weight loss. The 
resulting concentration of the caxtene 
caused by this shrinkage tended to give 
the illusion of greater amounts at  low 
humidities. Other workers (2 ,  10) have 
reported increases in the carotene content 
of carrots during storage. Similar in- 
creases in leafy vegetables have not been 
established. The present studies were 
undertaken to obtain additional in- 
formation on the effects of lvilting and of 
temperature on the behavior of carotene 
in leafy vegetables. 

Materials and Methods 

Preparation of the green leafy vege- 
tables used in this study \\as similar to that 
described previously 13). Kale, collards, 
turnip greens, and rape were selected 
at  the local wholesale market. Each 
test included sufficient material for 
three degrees of wilting at  one tempera- 
ture. Wet towels spread over the tissue 
reduced wilting during the period of 
preparation. Tissues M hich were as 
nearly uniform and as representative 
as feasible were selected. L'ery im- 
mature, old, diseased, and injured 
leaves were discarded. Sheets, Leonard, 

and Gieger ( 7 7 )  reported that the leaf 
blade contained from 96 to 99% of' the 
carotene in the entire leaf; that the 
carotene ij'as from 5 to 20 times more 
concentrated in the blade than in the 
petiole; and that the carotene was only 
slightly less concentrated in the petiole 
than in the midrib. Griffith and 
Thompson ( 6 )  reported that carotene 
\yas much more stable in alfalfa leaves 
than in the stems. Leaf petioles and 
midribs are also less susceptible to 
wilting than the leaf blade. To increase 
the homogeneity of the experimental 
material, the leaf petioles aiid midribs 
were removed and discarded. The  
remaining tissue was then sliced into 
strips 2 to 3 cm. Mide. 

The  sliced material \vas mixed, 
weighed into 50-gram samples, and 
placed in open, paraffined cardboard 
containers, perforated on the sides and 
bottom. As the containers were filled, 
they lvere alternately placed so as to 
rorm four sublots. Three of the sublots 
contained 40 replicate? each, and the 
fourth 10 replicates. 'The carotene con- 
tents of the replicates in the fourth sublot 
were determined a t  the end of the prep- 
aratinn period. The average of these 
10 replicates was taken as the initial 
carotene content. 

The three larger sublots Lvere placed 
in a single room, thermostatically con- 
trolled, a t  the desired temperature. 
One sublot (slow wilting) was placed 
in a metal container over water, covered 
with \vet cloths. and dry cheesecloth 
was drawn over the top of the container. 
A second sublot (moderate wilting) 
was placed on a wire screen through 
which air, usually of about 757c relative 
humidity, could circulate slowly. The 
third sublot (rapid wilting) was placed 
in a metal container containing calcium 
chloride, and the top of the container 
covered \vith multiple layers of dry 
cheesecloth. A small fan, with pro- 
visions for controlling the speed, was 
enclosed in this container to Etir the 
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Figure 1. Loss of carotene as related io  wilting and temperature 

le f t .  Loss o f  carotene 
Rapid wilting 

Right. toss o f  weight (degree o f  wilting) 
Slow wilting---- Modern wilting - - - - 

Carotene: Milligrams per 100 grams a t  beginning of test 
Kale: 6.3, 8.9, and 8.2 a t  70°, 50° ,  and 32' F., respectively 
Collards: 6.7, 6.1, and 6.1 a t  70°, 50°,  and 32' F., respectively 

Table 1. Relative Effects of Temperature and of Wilting on Loss of Carotene 
during First 4 Days of Storage 

Loss o f  Carotene, 70 ___ Rofe o f  
Wilf ing 32' F. 50' F .  70' F. A vera ge 

Kale 
Slow 
hfoderate 
Rapid 

A V .  

Slow 
Moderate 
Rapid 

AV. 

0 . 0  
0 . 0  
4 . 9  
1 . 6  

2 . 4  
7 . 5  

1 2 . 6  
7 . 5  

17 .1  58 .5  2 5 , 2  
1 8 . 9  65.9 2 8 . 3  
31 .2  75 .8  3 7 . 3  
22 .4  66 .7  

Collards 
29 .5  57 .1  29 .7  

air slo\vl>- and thus ensure more uniform 
wilting of the replicates. Samples of 10 
replicates. comparable Lvith the 10 
analyzed at the beginning, were taken 
at  intervals from the diff'erent sublots, 
reweighed to determine loss of weight 
(degree of wilting): and anal)-zed for 
carotene. Loss of weight, ivhich in- 
clildes loss of solids used in respiration 
as well as loss O C  moisture, is not strictly 
synonymous with wilting. Severtheless, 
it closely approximates the loss of 
moisture in green, leafy vegetables, and 
is used in this paper as a measure of 
wilting. 

The temperatures used \\ere 3 2 O ,  
50°, and 70' F. For each test at a 
single temperature, comparable material 
was used under all humidity conditions. 
Tests at different temperatures were 
started on different days, and while 
these lots of material might contain 

different initial amounts of carotene, 
the results are comparable as they are 
reported as per cent lost rather than 
actual amounts. 

Although as nearl) uniform conditions 
as feasible were provided Ivirhin a 
treatment, there were appreciable differ- 
ences in the amounts of Iveight lost 
by replicate samples under moderate- 
and rapid-bvilting conditions. Unequal 
air movement through the individual 
samples \+as perhaps the primary cause. 

Carotene was determined as described 
b! Bickoff ( 7 ) .  Prior to anal)sis, the 
tissue in each replicate was chopped. 
well mixed, and one fifth of the weight, 
representing 10 grams of original sample, 
nas transferred to a IVaring Blendor 
and disintegrated at  high speed for 
1 minute in 100 ml. of acetone. [Vater. 
equal to the weight lost during the 
test period, was added to the wilted 

v 0 1. 1 0, 

tissue to be cxtracted. A closely-fitted 
baffle within the blender bowl was used 
to reduce splashing and avoid loss of 
solvent during blending. A 5-ml. ali- 
quot of the acetone extract was added 
to 5 ml. of hexane plus 3 ml. of water 
in a 50-id. separatory funnel. The  
lower aqueous-acetone layer was drawn 
off and discarded. The  entire hyper- 
phase was chromatographed and the 
carotene content read in a photoelectric 
colorimeter with a 440-mp. filter. Re- 
sults from the 10 replicates were averaged 
and the carotene is reported as per cent 
lost since the rest began. Analysis of 
variance was used to determine difference 
required for significance. 

Results and Discussion 

The effects of Lvilting and of tempera- 
ture on the loss of carotene in kale and 
in collards are shoivn (Figure 1) .  Wilt- 
ing hastened the loss of carotene in kale, 
and the difference between rapid and 
moderate Lvilting is statistically highly 
significant ar all temperatures. The 
difference between the sloxv- and 
moderate, wilting lots is less than be- 
tween rapid and moderate, and are of 
doubtful significance at 50' F. and of no 
significance at 32" F., where the differ- 
ence in amounts of wilting \\.as appre- 
ciably less than at the other temperatures. 

Turnip greens and rape also were 
studied. The initial caro[eiie cmtent 
ranged froin 4.6 to 5.5 Ins. per 100 
grams in turnip greens: and 5.5 to 7.3 
mg. in rape. IVilting and high tem- 
peratures hastened the loss of carotene: 
and gave curve patterns much like the 
pattern for kale. At 70' F.,  significant 
differences in loss of carotene occurred 
in both crops under all wilting conditions, 
but a t  the lojver temperatures, where 
the rate of loss was sloil-er, the different 
wilting treatments did not always show 
statistical significance within the test 
period. 

IVith collards, the results sho\v highly 
significant differences at  all temperatures. 
and for all Ivilring treatments. Humidity 
differences between slou and moderate 
\Lilting rvere conducive to greater 
differences in Lvilring, and greater dif- 
ferences in carotene losses were also 
recorded. '4t the loll-er remperatures, 
collards lost carotene more rapidly than 
did kale or any of the other vegetables 
tested. I t  \vas the only one that lost 
statistically significant amounts of caro- 
tene Ll-ithin 4 days at 32" F. under any 
of the ivilting treatmeilts. However, at 
70° F. there was little difference in the 
rate of 104s among- these crops; kale, 
collards, and turnip greens lost 55. 
57, and 577?. respectively. of their caro- 
tene content \\-hen held for 4 days at  a 
relative humidity approaching satura- 
tion. Excess decay within 4 days pre- 
vented collection of comparable data for 
rape. 
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Both wilting and unfavorable tem- 
peratures hasten the loss of carotene, 
but unfavorable temperatures are by 
far the more destructive of the two 
(Table I). Increased losses of carotene 
resulting from increased wilting are 
adequately expressed as a few percentage 
points over the lower wilting rate. But 
increased losses resulting from higher 
temperatures, such as may be encoun- 
tered in the marketing channels, may 
better be indicated as a multiple of that 
lost a t  the lower temperature. 

In  a single test, kale was separated 
into leaves full grown; leaves half- to 
full-grown; and leaves less than half- 
grown. All lots were then placed at  
32’ F. with high humidity. Little or no 
visible wilting was evident within the 
10-day test period. The amount of 
carotene was greater in the more mature 
leaves, but the rate of loss was not 
appreciably affected by the state of 
maturity. 

From the data presented it may be 
concluded that kale held under condi- 
tions that prevent appreciable wilting 
will lose about one fourth of its carotene 
content if held at 32’ F.  for 4 weeks, 
at .50° F. for 5 days, or a t  70’ F. for 
1 day. If appreciable wilting occurs, 
these losses may be expected to increase 
up to 307, a t  32” F. and 30 to 407, a t  
50” and 70’ F. Similar results may 
be expected with turnip greens and rape, 
and somewhat greater losses with col- 
lards. Prepackaging in plastic films 
effectively reduces the loss of moisture 
and preserves a fresh, crisp appearance, 
but low temperatures are also necessary 
to preserve the vitamin A values normally 
present in the product. 
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The substrates utilized by the mammary gland for synthetic and energy purposes in 
producing milk must be derived from the materials eaten by the cow. The feed con- 
stituents undergo extensive degradation and alteration by the bacteria and protozoa 
present in the rumen. The bovine derives the major portion of its nutrients from the diges- 
tion of these microorganisms as well as from the absorption of the products of microbial 
metabolism. A general discussion of the interrelated metabolism of the rumen micro- 
organisms and bovine organism in regards to protein, carbohydrate, and lipide metabo- 
lism is presented. The major purpose of this discussion is to point out the dependence of 
bovine milk secretion on rumen activity, and to stress that the evaluation of any feeding 
regime must consider the reactions which occur in the rumen. 

HE SUBSTRATES utilized by the T mammary gland for synthetic and 
energy purposes in producing milk must 
be derived from materials eaten by the 
cow. The feed constituents enter the 
rumen where they undergo extensive 
degradation and alteration by the bac- 
teria and protozoa present. The loca- 
tion of this fermentation vat a t  the begin- 
ning of the digestive tract enables rumi- 
nants to make extensive use of materials 
which would otherwise be of little value. 
The  bovine derives the major portion 
of its nutrients from the digestion of 
these microorganisms, as well as from 
the absorption of the products of micro- 
bial metabolism. Because of this, the 
effects of a particular feed on the metab- 
olism of the bovine must always be 

evaluated with regards to the influence 
it exerts on the rumen microorganisms. 
By selection of certain microorganisms, 
or by stimulating them to form adaptive 
enzymes, the products of rumen fer- 
mentation can be altered. A change in 
microbial end products available to 
the host animal can possibly have an 
effect on the metabolism of the cow and 
the composition of milk. 

The study of rumen function is com- 
plicated by the dynamic nature of the 
system where production, interaction, 
and absorption of metabolites are con- 
tinuously occurring. The frequent in- 
take of food by the animal provides a 
regular supply of substrates for the 
microorganisms. At the same time, the 
soluble products of microbial activity 

appear to be readily absorbed through 
the rumen wall. Likewise, the volume 
of rumen contents is regularly influenced 
by two factors. Large volumes of 
saliva secreted by the host animal are 
continuously being added to the rumen 
contents cvhile a t  frequent intervals, 
a portion of the rumen material (small 
food particles and microorganisms) passes 
to the omasum and the lower digestive 
tract. The concentration of a metabolite 
in the rumen Mould then be determined 
by the interplay of all these factors. 
The study of the effect of a dietary com- 
ponent, mediated by the rumen. on 
the metabolism of the cow is hindered 
by the fact that the cow is in a sense 
eating all the time. Changes in the 
level of metabolites in the blood after a 

126 A G R I C U L T U R A L  A N D  FOOD C H E M I S T R Y  


