
Table 111. Analysis of Variance 
Data on enzyme activity and ascorbic acid content as affected by cooking parsnips by four different 

methods to various internal temperatures (ten replicates) 

Constituent 

Ascorbase 

.\scorbase 

Peroxidase 

Ascorbic acid 

Ascorbic acid 

Temp., 
c. 

25-40 

45-55 

25-60 

20, 25 

25-90 

Source o f  Degrees of 
Variation Freedom 

Cookin&? method. C 3 
Replicltion within C 36 
Temperature, T 2 
T X C  6 
Residual 72 

Total 119 
C 3 
Replication within C 36 
T 2 
T x c  
Residual 

- 
6 

-2 
Total 119 

C 3 
Replication within C 36 
T 6 
T x c  18 
Residual 216 

Total 2% 
C 
Replication within C 
T 
T X C  
Rejidual 

C 
Replication within C 
T 
T X C  
Residual 

Total 

Total 

3 
36 

1 
3 

36 
79 

3 
36 

8 
24 

288 
359 

- 

- 

F Significance 

4.91 At 0.01 level 

31.04 At 0.01 level 
2.91 At 0 .05  level 

1 .93  Not significant 

7.81 At 0.01 level 
1.62 Not significant 

23.54 At 0.01 level 

20.46 At 0.01 level 
1 ,77  Not significant 

2.73 Not significant 

27.29 At 0.01 level 
1.88 Not significant 

3 08 At 0 05 level 

17 47 At 0 01 level 
2 08 At 0 01 level 

Table IV. Retention of Ascorbic Acid in Potatoes and Parsnips at 55', 85', 
and 90" C. 

Cooking 
Method 

Potatoes, % Parsnips, % 
5 5 O C .  8 5 ' C .  9 O o C .  5 5 O  c. 9OOC. 

Pressure-cooked 75 73 . .  47 30 
Steamed 90 . .  , .  35 22 
Boiled 85 . .  , .  31 31 
Baked 89 . .  108 25 35 

AV. 85 , .  . .  35 30 

for parsnips ranged from 25y0 for baked the tip and stem ends 
parsnips to 47y0 for pressure-cooked were removed, whereas 
parsnips? whereas the range was from potatoes were cooked 
75y0 for pressure-cooked potatoes to 90% However, the difference 
for steamed potatoes. Preparation of the min retention for the 
vegetables for cooking differed in that could not be explained 

of the parsnips 
in all cases the 
in their skins. 
in average vita- 
two vegetables 
on the basis of 

leaching, as baked parsnips retained less 
ascorbic acid than did boiled parsnips 
cooked to 55" C. 

While ascorbic acid losses in potatoes 
and parsnips cooked to an internal tem- 
perature of 55' C. were considerable, 
losses of the vitamin over the range 5 5  " 
to 90" C. were slight. Retentions of 
ascorbic acid in parsnips cooked to 90 " C. 
are reported in Table 11'. Comparable 
retentions in potatoes are available only 
for pressure-cooked and for baked pota- 
toes. Comparison of retentions for pars- 
nips a t  55 " and a t  90" C. shohvs that a 
small decrease in ascorbic acid content 
resulted from pressure-cooking and steam- 
ing between 55" and 90" C.. boiling 
caused no change, and baking caused an 
apparent gain. These data are further 
indication that leaching was not the 
reason for low ascorbic acid retentions in 
parsnips; and they also indicate that 
both potatoes and parsnips, when baked, 
show between 55" and 90" C.. an ap- 
parent gain in ascorbic acid content of 
19 and 10%. respectively. 
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FRUIT COLOR LOSS 

Effects of Carbohydrates and Other Factors 
On Strawberry Products 

E. EVERETT MESCHTER 
The American Preserve Co., Philadelphia, Pa. 

TRAWBERRY PRESERVES represent quently the largest volume of a single finished product is a bright red or bright 
about 26y0 of all fruit preserve variety of fruit spread in the country. maroon-red, depending on the variety 

of strawberry used. As the preserve is 
stored a t  room temperature in a ware- 

When strawberry preserves are made 
by modern vacuum pan methods, the 

S 
flavors, or about 12% of the total pro- 
duction of all fruit spreads, and conse- 
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Pigment extracted from strawberry juice with 1-butanol was used to study effects of 
various materials on the loss of color. The data show that temperature and pH value 
have a great effect on the rate of pigment loss. Salt concentration affects the rate of 
pigment loss in strawberry juice. The effect seems to be related to the presence of 
sugars, as a similar effect is not observed in the reaction with extracted pigment when 
no sugars are present. Both ascorbic acid and dehydroascorbic acid change the mag- 
nitude of the rate of pigment loss. Both furfural and hydroxymethylfurfural increase the 
rate of pigment loss, and because these compounds are typical of sugar degradation 
product:;, it is strongly suggested that sugar deterioration products react with the pigment 
of strawberry preserves. Materials present in strawberry juice itself (probably sugars) 
appareintly have an appreciable effect on rate of pigment loss. 

house or on a grocery shelf, the pleasing 
red color diminishes, so that within six 
months the product has lost so much of 
its appealing color as to become deep 
maroon-brown and be unsalable. The  
author's approach to this problem has 
been based on measurement of kinetics 
of the pigment system in various environ- 
ments in the presence of different 
sweetening agents. 

The first step in this investigation was 
to isolate the pigment from strawberry 
juice by the method described by Sond- 
heimer and Kertesz (77 ) .  This method 
involved the saturation of the juice with 
salt and extraction with 1-butanol, then 
concentration of the butanol extract 
under vacuum and in a nitrogen atmos- 
phere. The anthocyanin concentrate 
was then taken up with hydrochloric acid 
in anhydrous methancrl, precipitated 
with ether, dissolved in 0.017, hydro- 
chloric acid, and satura.ted Ivith picric 
acid. The anthocyanin picrate crystal- 
lized out of this solution upon storage at 
0' C. as lustrous reddish bronze prisms 
which were further purified by recrystal- 
lization. 

The purified anthocyanin chloride, 
believed to be pelargonidin 3-monogluco- 
side, obtained by this procedure, had ex- 
ternal characteristics which were identi- 
cal with the product prepared by Sond- 
heimer and Kertesz. 

However? the chromatogram on paper 
of this purified material [by ascending 
technique using 4 part,s. of l-butanol- 
1 part of glacial acetic acid-5 parts 
of Ivater as the solvent] showed only 
one red-orange spot, Ishile the fil- 
tered, Isater-soluble portion of the pig- 
ment just prior to the picration step 
showed not only the same red-orange 
spot but also a purple spot which is 
perhaps an isomer of pelargonidin 3- 
monoglucoside (2) just below and not 
imposed upon the larger, more intense 
red-orange pelargonidin spot. (The 
study of the nature of this purple spot 
has not been completed.) It seemed 
evident, therefore, that the purification 
by crystallization as the picrate had left 
behind a portion of the pigment normal to 

the original juice. For this reason the basic 
coloring material, wherever extracted pig- 
ment was used, was the water-soluble par- 
tion of the ether-precipitated concentrate 
of the 1-butanol extract of strawberry 
juice (St B). This material has not been 
further purified by picration and crystal- 
lization. I t  contains essentially all the 
anthocyanin coloring pigments in straw- 
berries free from the natural sugars. I t  
was found, however, that the reactions 
of the water-soluble portion and the 
recrystallized material were not signifi- 
cantly different. 

The natural strawberry material was 
prepared from a good commercial grade 
of frozen Blakemore strawberry juice. 
Its history showed that it had never been 
pasteurized, was pressed on stainless steel 
equipment. and had not been otherwise 
abused. The frozen juice was slowly 
thawed and the early free-run juice was 
collected at  a soluble solids content of 

This made it possible to conduct ex- 
periments allowing more than 2 to 1 
dilution for the incorporation of other 
reacting material and buffer solutions, 
and still maintain the strawberry in- 
gredients in concentration normal to the 
original natural juice. 

The color of some of this concentrated 
strawberry juice was destroyed by auto- 
claving at 121' C. (250' F.) for 1 hour. 
This material (St JD) was brown colored, 
slightly turbid, and identical with the 
concentrate (St J), except for the damage 
done by the heat treatment. 

Some of the concentrate was diluted 
back to single-strength strawberry juice 
and saturated at  room temperature with 
sucrose. This mixture (St S) closely 
simulates the composition of a finished 
strawberry preserve. 

In  all cases, the storage temperature 
for this study was 38' C. (100' F.) and 
the p H  value was maintained at  3.0 + 
0.03. -411 juice and buffer solutions 
stored at  38' C. were saturated with 
thymol for prevention of fermentation 
and mold growth. Thymol has been 
found to be clearly inert as far as the 

22% (St J). 

color loss is concerned. Buffer solution 
in all cases refers to Sorensen's citrate 
buffer, adjusted to p H  3.0 with hydro- 
chloric acid, and saturated with thymol. 
The importance of buffer concentration 
is shown below, 

The nitrogen content of all the mate- 
rials added to the strawberry juice was 
reported by a consulting analytical labo- 
ratory to contain a trace or no nitrogen 
as determined by the Dumas method. 

The ascorbic acid content of the frozen 
concentrated juice was very low-less 
than 1 mg. per 100 grams as determined 
by potentiometric titration. Sormal 
ascorbic acid content of fresh straw- 
berries is about 50 to 100 mg. per 100 
grams (3 ) .  Ascorbic acid may have been 
lost during the freezing and thau ing 
operations involved in the concentration 
procedure. 

The copper content of the natural 
juice was found to be about 1 p.p.m. 
This is approximately the normal amount 
in natural strav berries and indicates 
trace or no contamin,ation of the juice by 
copper in processing. 

The raw material, then, consisted of: 

1. St B. Water-soluble portion of the 
ether-precipitated butanol-extracted pig- 
ment of strawberry juice. 

2. St J. A representative sample of 
commercial strawberry juice, concentrated 
by freezing. 

3. St  JD. The same juice as in (2)  
damaged by high temperature processing. 
4. St S. Single-strength strawberry 

juice made up to 67y0 solids with sucrose. 

The changes in anthocyanin concen- 
tration were followed by a modification 
of the method of Sondheimer and 
Kertesz ( g ) ,  which is based on the meas- 
urement of absorbance (optical density) 
a t  500 mw of solutions of the antho- 
cyanin at p H  3.4 and 2.0. The antho- 
cyanin concentration is proportional to 
the absorbance difference. Figure 1 
shows the spectra of solutions of antho- 
cyanin pigment of the same concentra- 
tion at  different p H  values. 

The authors have found, however, 
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Figure 1.  
concentrate with change in pH at  constant concentration 

Change in spectra of buffered solution of strawberry juice pigment 

that a t  p H  1.0 the absorbance reaches a 
maximum, and a p H  value of less than 
1.0 does not further increase the ab- 
sorbance measurably at  its 500 mp peak. 
At 5.4 or a t  any p H  values between 5.0 
and 6.0, the absorbance of anthocyanin 
at  500 mp is a t  an  indistinguishable 
minimum. Therefore, the critical con- 
trol of p H  is eliminated, and test papers 
can be used to determine the broad range 
of p H  in which absorbance difference 
accurately reflects anthocyanin content. 
The factor for conversion for absorbance 
difference, p H  2.0 to 3.4 to p H  1.0 to 5.4, 
is 1.7. This method is believed to be 
more accurate, less tedious, and con- 
siderably faster than the original method, 
as it eliminates the need for precise p H  
measurement. 

Anthocyanin content is not the sole 
factor in determining the acceptability 
of a strawberry preserve. Mackinney 
has pointed out in reports to the Xational 
Preservers Association that the pigment 
content may drop to as low as 10% and 
still be acceptable, as long as browning 
development is low and brightness re- 
mains high. Even if pigment content is 
high, its value may be overshadowed by 
a high browning rate. Browning in- 
creases in rate four times as fast as pig- 
ment loss with increasing tempera- 
ture. Therefore a preserve stored at  
10" C. will be much more acceptable 
when half of its pigment has been 
lost than one of the same pigment 
content that has been stored at  
20" C., because browning will be much 
lower in the lower temperature sample. 
Anthocyanin content alone has been 
used as a measure of color or pigment 
stability in this paper, even though some 

samples of higher pigment content were 
less acceptable visually than others, as the 
dark brown color prevented realization 
of the high pigment content. A method 
of color measurement for evaluating 
visual acceptability may have to include 
a measure of brightness, turbidity, and 
dominant wave length rather than pig- 
ment content alone. 

The determination of color change in 
strawberry products is not a clear-cut, 
ideally accurate process. In all measure- 
ments of color loss in solutions employing 
only extracted pigment as the color 
source, reaction rates were clear cut and 
reproducible. Where natural sugars and 
the complex materials found in all 
natural products were present, it was 
necessary to rely on trends and orders 
of magnitude to evaluate the importance 
of additives in changing the reaction 
rates. For this reason, changes of less 
than 5% in magnitude are in general 
insufficient evidence of important effect 
and are not reported here. 

In considering the possible means by 
which strawberry color is deteriorated, 
investigation reveals five significant fac- 
tors : 

1. Effect of temperature 
2. Effect of pH value 
3. Effect of salt concentration 
4. 

5. 

Effect of ascorbic and dehydroascor- 

Effect of sugars and sugar destruction 
bic acid 

products 

Effect of Temperature 

The most important factor in changing 
the kinetics of the degradation of color in 
strawberry products is temperature. The 

preserver can alter this factor to a limited 
degree in his choice of manufacturing 
and storage procedures. The rate of 
color deterioration increases in propor- 
tion to the log of the temperature. 
Figure 2 shows the relationship graphi- 
cally. 

At rogm temperature (20" C.), the 
half life of the color of strawberry pre- 
serves is about 1300 hours. In the sum- 
mertime, the grocery shelf in the front 
of the corner grocery store may reach 
38" C., a t  which temperature the half 
life drops to 240 hours. I t  is possible to 
increase the life of the color in the 
finished preserves six or seven times over 
room temperature storage by storing 
under egg storage conditions (4' C.), 
where the half life is extended to 6000 
to 8000 hours (250 to 320 days). 

Effect of pH Value 

The rate of anthocyanin degradation is 
greatly affected by pH value. Increasing 
acidity has a protective effect on the 
stability of the pigment. Figure 3 shows 
the relative rate of pigment loss in 
buffered solutions at  various p H  values. 

I t  is obvious that p H  must be accu- 
rately controlled when effects of added 
ingredients are to be studied. Soren- 
sen's citrate buffer solution was used 
throughout. 

Effect of Buffer Salt Coneentrafion 

The importance of maintaining con- 
stant buffer salt concentration is graph- 

Figure 2. Effect of temperature on 
half life of color in strawberry pre- 
serves 
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ically illustrated in Figure 4, which shows 
an  increase in rate of pigment loss when 
increments of sodium citrate were added 
to strawberryjuice (St J). However, this 
detrimental effect was not observed 
when sodium citrate was added to ex- 
tracted pigment (St B) solutions, as 
shown in Figure 5. A protective effect 
of the citrate ion on color loss in the iron- 
catalyzed anthocyanin-hydrogen per- 
oxide reaction has been shown by Sond- 
heimer and Kertesz (70). A similar 
mechanism may account for the in- 
creased stability of the color with incre- 
ments of sodium citrate in the sugar-free 
color extract. In  the strawberry juice, 
however, any slight protective effec 
shown by the citrate ion is overpowered 
by the effect of the sodium ion on sugar 
destruction observed by Moyer (6, 7). 
The products formed by this degrada- 
tion may thus be more reactive with the 
pigment. 

Effect of Ascorbic and 
Dehydroascorbic Acids 

The effect of ascorbic acid on color loss 
in strawberry products has been studied 
by Sondheimer and Kertesz (70). This 
reaction is catalyzed by the presence of 
iron or copper. Although they make it 
clear that the presence of hydrogen 
peroxide in strawberry products has not 
been demonstrated, Sondheimer and 
Kertesz have suggested that the hydro- 
gen peroxide formed when ascorbic acid 
is oxidized to dehydroascorbic acid may 
play a role in the degradation of pelar- 
gonidin 3-monoglucoside. Indeed, this 
may well account for some of the kinetic 
difference in the reaction between as- 
corbic acid and the pigment and de- 
hydroascorbic acid and the pigment. 
Hoxvever, the relatively high velocity of 
pigment destruction with dehydroascor- 
bic acid suggests that a much more 
complex mechanism is involved. 

The dehydroascorbic acid used in this 
experiment was prepared by the Research 
Laboratories of the Hoffmann-La Roche 
Co., Nutley, N. J., by the process of 
Pecherer ( 8 )  and is reported to be 95 to 
100yo pure. The impurities may include 
some ascorbic acid and inert oxidation 
products which result during processing. 
Even if the maximum impurities consisted 
entirely of ascorbic acid, the importance of 
the effect of dehydroascorbic acid on the 
pigment system would not be significantly 
changed. 

The  relationship bet ween ascorbic 
acid and dehydroascorbic acid on the 
rate of strawberry pigment loss in water- 
soluble pigment (St B) is given graph- 
ically in Figure 6 .  

The susceptibility of ascorbic acid to 
oxidation has long been known, but it is 
surprising to note its stability when straw- 

360 600 900 1200 1500 I800 
HOURS AT 38% 

Figure 3. 
strawberry juice concentrate 

Effect of change in pH on rate of color loss in buffered solutions of 
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Effect of sodium citrate on rate of color loss in frozen and thawed 
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Figure 4. 
strawberry juice 
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Effect of sodium citrate on rate of color loss in buffered solutions of 

HOURS AT 38'C 

Figure 5. 
strawberry juice 

berry preserves are made by vacuum preserve had been stored for 2 weeks at 
Drocessing methods. 38' C., 52% of the ascorbic acid and 4170 " 

of the original anthocyanin content re- 
mained. A sample of strawberries contained 39 

mg. (360 p.p.m.) of ascorbic acid per 100 .~ 
grams as determined by potentiometric 
titration. After the preserves were sterilized Of 

and cooled, 82% of the original ascorbic ascorbic acid attack on the strawberry 
acid content still remained. After the pigment is of very practical interest, as 

It is Obvious that the 

V O L .  1, NO. 8, J U L Y  8, 1 9 5 3  577 



100 
90 
80 

7 0  

60  

50 

40 

30 

20 

8 

\' \. ~ 4 0 0  DHA 

10 J I I 
I I 

50 100 I50 200 250 300 
HOURS AT 38% 

Figure 6. 
buffered solutions 

Effect of ascorbic and dehydroascorbic acids on rate of colcr loss in 
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the preserver can do nothing about the 
original ascorbic acid content of his raw 
material. This also emphasizes the im- 
portance of the amount of metallic con- 
tamination in the strawberry preserve. 
Iron and copper in themselves are not 
important contributors to the pigment 
loss mechanism, except in so far as they 
hasten the destruction ofthe ascorbic acid. 
These destruction products in turn attack 
the pigment a t  an increased rate. Ifonly 
ascorbic acid, and not its degradation 
products, were responsible for the rapid 
loss of color, as the ascorbic acid in the 
pigment medium was destroyed, the rate 
of loss of remaining pigment would be 
expected to decrease. Such a change in 
rate is not significant and apparently the 
destruction products of ascorbic acid also 
react with the color. Table I shows the 
relationship between rate of pigment 
loss in single-strength strawberry juice 
and the metallic ion content with and 
without ascorbic acid. 

Although ascorbic acid, particularly 
in the presence of iron or copper, is 
capable of increasing the rate of pigment 
loss, the rate of loss when none of these 
agents is present is already of a dis- 

Table 1. Effect of Ascorbic Acid in 
Presence of Iron and Copper on 
Rate of Color Loss in Strawberry 

Juice (St J) 

Ascorbic Acid, Cu o r  Fe, Hours io 
P.P.M. P.P.M. Holf l i fe  

Control 320 
None Cu, 40 310 
h-o n e Fe, 40 310 
400 None 190 
400 c u ,  10 140 

tressing magnitude. Thus some other 
cause of color loss has yet to be explained. 

Effect of Sugars and Sugar 
Destruction Products 

The data presented in this section at- 
tempt to show that several sugars and 
sugar degradation products are capable 
of reacting with the pigment components 
of strawberries to increase their rate of 
loss materially. Thus substances formed 
during the browning of sugars may cause 
color loss in strawberry products. I t  has 
been demonstrated that when extracted 
pigment is stored at  various p H  values, 
the stability of the color is greatly in- 
creased as the p H  value is lowered (see 
Figure 3'1. When strawberry sirup is 
similarly stored, however, the stability 
of the pigment reaches a maximum a t  a 
p H  value of 1.8. Below this value, pig- 

bukered solutions 

Units, p.p.rn. 

ment stability decreases as the p H  is 
lowered. The high rate of browning of 
sugars a t  low p H  values is well known 
and the data in Table I1 suggest that 
the reactivity of these sugar degradation 
products with the pigment is more im- 
portant than the stability contributed to 
the pigment by the low p H  value. 

Table II. Effect of pH Value on 
Half Life of Color in Strawberry 

Sirup (St S) 
P H  Hours fo Holf l i fe  

0,30  240 
0 . 6 5  385 
1.05 41 5 
1.55 460 
1 .80  480 
2 . 1 0  430 
2 . 5 5  330 
2 . 8 8  275 
3.18 210 

Sondheimer and Kertesz pointed out 
as early as 1947, in reports to the 
National Preservers Association, that 
aldehydes were capable of reacting with 
pelargonidin 3-monoglucoside. Formal- 
dehyde reacts with the pigment to form 
a colorless solution and a purple precipi- 
tate. Furfural and hydroxymethylfur- 
fural are known to be typical inter- 
mediates in the destruction of sugars, 
and the kinetics of these two products 
with strawberry color is shown in Fig- 
ure 7. 

These data illustrate the ability of 
some sugar degradation products to in- 
crease the rate of strawberry pigment 
loss. Furfural and hydroxymethylfur- 
fural are cited only as examples typical 
of a great number of products which re- 
sult from the breakdown of sugars. 

Further evidence that the products of 
sugar degradation increase the rate of 
strawberry pigment loss is presented in 
Table 111. Here are listed, in order of 
increasing anthocyanin degrading ac- 

Figure 7. Effect of furfural and hydroxymethylfurfural on rate of color loss in 
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Effect of addition of concentrated strawberry juice and heat-damaged strawberry juice on rate of color loss in 

tivity, various carbohydrates \+ ith their 
corresponding half lives. This list is 
essentially the order of ring stability or 
carbonyl activity demonstrated by these 
sugars in other reactions of this type 
(7 ,  5). 

Table 111. Relative Effect of 40% 
Concentration of Various Carbo- 
hydrates on Stability of Water- 

Soluble Pigment (St 8) 

Carbohydrate 
Hours t o  
Half Life 

Corn sirup 650-700 
Methyl a-D-glucoside 
Mannose 
Glycerol 
Sucrose 
Maltose 
Sorbitol 
Control, no sugar 
.\rabinose 
Levulose 
Sorbose 

300 

240 

The source of the carbohydrate that 
might enter into such a reaction need not 
necessarily be an added one. Indeed, 
there is evidence that the source material 
is alreadv present in the strawberry juice 
itself. Figure 8 shows the effect of the 
addition of concentrated strawberry 
juice and heat-damaged stralvberry juice 
upon pigment loss. The juice must 
contain an agent or agents, lvhich are 
increased upon heat treatment, capable 
of reacting with the pigment. Such a 
mechanism could also explain the diffi- 
culty in making uniform measurement of 
rate of pigment loss on natural straw- 
berry products, as these unidentified 
products may be present in varying 
quantities from time to time. 

Further evidence in support of this 
explanation is givrn by the data in 

Table IV. Here, the rate of antho- 
cyanin loss was measured in regular un- 
fermented strawberry juice in the pres- 
ence of several sugars. Then some 
of the same juice was fermented by 
Saccharomyes cereoisiae and any pigment 
lost during the fermentation was re- 
placed by the addition of \vater-soluble 
pigment. Carbohydrates were similarly 
added to this fermented juice after fer- 
mentation. The rate of pigment loss 
in the txzo juices \+as then follo\zed, with 
the results given. 

Table IV. Effect of Fermentation 
upon Rate of Color Loss in Presence 
of Various Carbohydrates in Straw- 

berry Juice (St J) 

Hours fo Half Life 
Carbahydrote Fe rmented Unfermented 

Corn sirup 380 250 
Sucrose 250 143 
Dextrose 250 150 
Levulose 168 114 
Control, no sugar 205 100 

After most of the natural carbohydrates 
have been removed by fermentation, the 
stability of the pigment on storage is 
greatly increased. Differences in the re- 
activity of the various added carbo- 
hydrates are evident. The relative effect 
of these sugars has always remained in 
this order, regardless of the environment 
in which the reactivity of the sugars with 
the pigment has been studied. 

Loss of sugar is not the only change in 
the juice upon fermentation. But the 
data strongly suggest that some ingre- 
dient normally reactive with the pigment 
has been removed and it would be plausi- 
ble to assume that this ingredient is a 
carbohydrate. 

I t  is to be expected that under the 
conditions of these experiments, as \vel1 
as in finished preserves, some sucrose will 
be inverted and thus the sucrose samples 
will contain both dextrose and levulose. 
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