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THE RETENTION OF VITAMIN C AND DEVELOPMENT OF COLOR
IN SYWTHETIC JELLIES AND MARMALADE

CHAPTER I
INTRODUCTION

A good retention of vitamin C in jams and jellies
is of importance insofar as it will contribute to the
daily vitamin C requirement of the diet.

The disease knovwm as seurvy, resulting from a
vitamin C deficiency in the body is under normal condi-
tions comparatively rare. Hawk, et. al. (37), however,
reported that widespread studies of ascorbic acid
nutrition of large groups of the population revealed sub-
clinical vitamin C deficiency.

The importance of a good retention of vitamin C
in jellies and marmalades to serve as a supplemsent to
the daily vitamin C requirements can therefore not be
overlooked. This is especially important for the lower
income groups whers jellies and marmalades are commonly
relied on to add to the palatability of the diet.

The objesctives in these studies werse to investi-
gate ths effect of different ingredients usually employed-
in jam and jelly manufacture and other factors likely
to have a bearing upon the vitamin C retention.

The importance of copper as a catalyst in the
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oxidation of vitamin C has always been iealizad, but in
previous reported experiments on jams and jellies no
attempt has been made to keep this factor constant. In
these éxperiments copper was'previously determined in all
the ingrediénts used in the boilings. By aé&ing copper
‘as copper sulfate, the final level was brought up to 2
p:p.m, 80 as to eliminate copper as a variable factor.

Reports on Ghe retention of vitamin C as in-
fluenced by the different sugars and sugar sirups in
replacing sucrose -~ which today is & common practice in
the food processing field -~ have been very contradioctory.
With this in mind, low conversion corn sirup, high con-
version corn sirup, invert sirup {prepared in the
laboratory) and crystalline dextrose were used to
partially replace sucrose in the different jelly and
orange mermalade boilings.

The effect of different containers (glass and
plain tin), amount of vacuum in the head space, storage
conditions (temperaturs and sunlight) and anti-oxidants
{sodium chloride and d-Iso ascorbic acid) were also
investigated. The reason for including both tin and
glass containers in these investigatlons is that
jellies and marmalades are marketed im countriss like
England and South Africa mainly in tin and relatively

small quantities are put up in glass,



Ascorbic acid is readily oxidized to dehydro=-
ascorbic acid, a substance which is similar to ascorbic
acid in biological acﬁiviﬁy.. The formation of dshydro-
agscorbiec acid is of importance however, in that it is an
indication of oxidation processes being underway, which
may finally lead to complete destruction of the wvitamin.
The formation of dehydro-ascorbic acid was imcluded in
these studies, The development of reductonss and
redyctone~like substances has been reported by various
workers. Thesé subsbances reduce the dye indophenol
rapidly and although they ave structurally somewhat
similar to vitemin C, possess no antiscorbutic activ-
..ity. It is of impertvance vhersfore that these sub-
stances should not be mistakon for vitamin C. The
probable development of these substances in the jellies
and orange marmalade was also investigated,

The formation of a brown color in many food
products is usually'aOGOmpanied.by a saries of other
changes which lead to a product of low nutritional
valus and poor flavor, which agein in general is ocon-
comitant with a low guality. Studies on the browning
reaction were included in these experinents with the
idea of finding a probable correlation between the
latter reaction and losses of ascorbie acid. ' The

formation of a complex compound involving the oxidation
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products of ascorbic acid is one of the suggested theories
of the browning rseaction.

All these studies were carried out wiﬁh gsynthetiec
jellies boiled from ¢itrus pectin; citric acid and sugars;
and orange marmalade. The complex system which exists
between the natural substances present in orange marmalade
and the other ingredients used for the bollings are
eliminated in the synthetic jellies, the latter represent-
ing a relatively simple system as compared 4o the orange
marpaelade,

- The limitations in thesg investigatlons can be
found in the relatively short period of storage (6'months)
and also the elevated temperaturas usgsed to speed up the
reactions in some cases. To this can be added the need
for improved and more specific methods for reductone and
.dehydro-ascorbic acid determinations. Several workers
have pointed out that satisfactory methods for the
determination of these substances ag they occur in foods
are not available. '

In reviewing the literature it was found that very
little work has been done in investigating the nutritional
values of jams and jellies. In countries like South
Africa and England where these products are consumed in

large quantities their value in supplementing the diet



with the necessary nutritive ingredients cannot be

over-emnphasized.



CHAPTER IX

LITERATURE REVIEW

A. The Oxidation of Ascorbie Acid ag Influenced by

1. Sugars aend sugar sirups. Several investigations

in the food field have shown that the non-enzymatic oxida-
tion of l~-ascorbic acid is inhibited to varying degrees
by sugars. Data indicating the relative effectiveness of
these sugars as préteehive agents of oxidation by the
different investigators are very contradictory and the
results so far presented ars very sonfusing.

Richardson and Mayfield (88) in experiments with
sdgar solutions prepared with special precautions as to
the oxygen content of the solutions ete., found that
sucrose and whive corn sirup exerted a protective
influence on the oxidation of ascorbic acid, but that
dextrose had a more destruective influence during boiling.
They, howsver, also point out the importance of the
presence of heavy metals such as copper in catalysing
the oxidation of vitamin C. They state in their final
discussions that a possible explanation of these find-
ings might be due to the copper content of the
erystalline dextrose; which was higher than the copper

content of the sucrose and corn sirup used. Japanese



investigators Sumiki, et. al. (1l04) to the contrary state
that fructose, sucrose and citric acid promote oxidation
while glucose inhibits it. '

Munilla and Vogelsinger (75) report that sugar
solutions stored at 20°C reduced the rate of ascorbic
acid oxldation; lactose having the least, and dextrose
and sucrose the most effect. | |

| \Riester, et. al. (89) working with canned citrus
Juice state that lsvulose sither added directly, or due
%0 the inversion of sucrose, helps to maelintain the desir-
able flavor of the fresh juiee but has no effect on the
ascorbic acid content.

Chamrai (13) also reports a protective effect of
sucrose and states that at a low pH the stabilization is
due to its effect on reducing the rate of diffusion of
oxygen into the solubion; and at higher pH values to the
formation of copper-saccharates.

Isaa¢ (42) found a greater loss of ascorbic acid
in solutions of caramelized fructose than in solutions
of pure fructose. He also points out that at 980 F and
higher temperatures pure fructose caramelizes
spontaneously.

Joslyn (50) found in peach freezing expariments
that in Kim nectarines ascorbic acid retehtion was much

better in sirups containing 70 per cent or less invert

7



sugar than in 90 per c¢ent invert sirups.

Studying the oxidation of ascorbic acid in sugar
solutions allowed to stand exposed to air at 22° C,
Joslyn (50) found that maltose, levulose and lactose wers
the most effective in reﬁarding'oxidation of ascorbic
acid, and dextrose to be the least effective. Under
conditions of vigorous oxidation he found %he-order of
decreasing protection to be maltose, dextrose, sucrose
and lactose. With sugar sirups tested under these condi-
tions a high conversion corn sirup gave the best protesction
followed by sucrose, invert sirup and corn sirup (low
conversion).

In a paper presented recently to a meeting of the
American Chemical Society at Sam Framcisco, Joslyn and
Miller (51) state that the rate at which ascorbic acid
is oxidized when the oxygen supply is limited was reduced
by the additicn of sugars and found the protective effesct
of lactose less than that of levulose. Under conditions .
of an ample oxygen supply the extent of protection by
sugars increased with the incrsase of pH, The greatest
protection was exerﬁed by levulose followed by maltose,
sucrose and dextrose in an order of decreasing protection.
curl {18) working with synthetic mixtures of sugar and
other Suﬁatances'analogous to orange juice ~- using

120° ¥ atorags temperatures -- found that the addition



of levuloss resulted in considerably greater lossses of
asecorblc acid than did the addition of dextrose. Suerbse
after one month storage had the same effect as added
dextrose but after two months the loss of ascorbic acid
Was greater in the pack containing the suorose, The
greater loss after two months was attributed to the in-
version of sucrose to levulose and dextrose,

| The general trand of the work done by these investi-
gators makes it appear plausible that levulose is the most
reactive sugar for ascorbie acid dsstruction, especially
un&er.prolonged storage conditions and at elevated

temperatures.

2. The Copper Ton. OCopper acts as a catalyst in

the oxidation of ascorbic acid. For this reason the
copper content of food products in which the retention of
vitamin C is conecerned should be kept at the lowest
possible level.

Szent~Guorgyl (105) first recorded the catalytic
action of copper in the oxidation of ascorbic aecid. He
found Fe' ™" and Mn' | had no effect upon the rate of
oxidation.

Kellie end Zilva (53) on the other hand regarded
both iron and copper as catalysis.

Copper in a comcentration of 1 part per 20 million
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parts at 25° ¢ was reported by Barron, et. al. (5) éuffic—
ient to catalyze the oxidation of vitamin C atva 3.17 in
a citrate buffer, They also state that iron alone does
not catalyze the oxidation of ascorbic acid but in the
pregsence of iron, copper exerts an increased catalytic
effect.

Mack and Kertesz (63) found that the catalytic
activity of copper is considerably incredassd by the addi-
tion of small amounts of iron, They suggested that iron
exerts a promoter action on copper since iron itself does
not catalyzs the oxidation of ascorbic acid.

Eddy (20) reports that 20 p.p.m. cupric ions
catalyze the oxidation of ascorbic acid whereas stannous
and stannic ions have a slighp inhibiting effect.

Oxidatlon of ascorbic acid was found to be hasten-
ed by the presence of phosphates Cavalini (12). The
speed of this reaction at a fixed pH was proportional to
the comcentration of phosphates and was favored by the
presence of copper ions.

Pdaterson and Walton (82) in discussing the possible
mechanism of ascorbic aéid oxidation 1nhibitors; claim
that the inhibitor ties up with the catalytic copper ion
and forms a coordinate complex. "The oxidation of ascorbic
acid was found to taks place in both alkaline and acid

solutions if copper is present.
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Sonovski (101) and Van der Lauan, st. al. (110) warn
against the selection of inéppropriate metals for cooking
utensils., Copper and copper containing alloys are unsuit-
able for utensils used in the preparation of foods contain-
ing vitvamin C. Even if plated with tin and other harmless
metals they cannot be recommended because of surface
irregularities, |

The following statement was made by Joslyn and
Miller (51) regarding the oxidation of ascorbic acid by
copper and iron: “The oxidation of ascorblc acid by
oxygen in the presence of copper and iron was.founﬂ to be
first order with respect to ascorbic acid concentration.
Its rate was directly proportional to the square root of
the copper concentration and inversely as the square root
of the H* concentration in acid solutions. Ferric ions
catalyze the oxidation of ascorbic acid in the more acid
solutions but very slightly ir comparison with copper™.

From the work done by the various investigators
there is no doubt ebout the importance of coppéer in
catalyzing the oxidation of vitamin C. Many contradic-
tory reports in the literature as to faetors influencing
the oxidation of ascorblc acid may be dus to the fact
that the importance of copper and other heavy metals in

catalyzing these reactions have been overloocked,
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3. Storage Conditions

(a) Storage temperaturs. Vitamin ¢ losses

are very closely assoclated with storage temperatures.

Also, the most important siﬁgle factor influencing the

rate of browvning has been found to bse temperature. For this
reason it is believed that the breakdown products of
ascorﬁio acid may be involved in the formation of the

brovm color complexes.

Ross {(93) experimenting with orange julce Found
that between 50° F and 80.6° ¥ the rate of ascorbic acid
losses in orange juice doubles for each 10 degrees in
temperature rise.

Wokes and Organ (120) report losses of vitamin C
in black currant sirup at 96.5° F nearly three times that
at 78¢5° ¥, and the rate of logs at 78.5° ¥ was nearly
three times that at 62,5° P,

Chaves (1), and later also Curl, et. al. (17)
working with Brazilian orange juice concentrates (62

per cent solids) found the following vitamin C losses:

Per cent Vitamin C Losses

Storage Time 50° F 80,6° F 100.4° ¥
30 days 18 28 82
58 days 19 36 b
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Curl; et. al. (17) found the rate of €O, produc-
tion, ascorbie acid losses, and darkening (initial rate)
of these orange eoncentrates; to inoreése approximately
b times for an l8° ¥ rise in tem@erature.

Guerrant, et. al., (31) recommended 70° F as a
storage temperature for commercially canned foods, They
found prolonged storage (12 months and more) at 110° 7 %o
reduce the aseorbic acid content of canned foods to a
great extent, while almost oomplete retention was obtained
after 12 months' storage at temperatures rangingvfrom L5°
to 85° F. Similar results were obtained by Breuner, et.
al. (10).

| (v) Effect of Sunlight., Usually where
1ight; as an infiuencing factor on the vitamin retention

in foods has been studied the samples were exposed to
gevere sunlight or conditions which are not common in
commercial storage.

v In ﬁhis respect Esselen and Barnby (23) state
that experimental results usually do not interpret
changes which will ocour under commercial storage condi-
tions, According to them, the light that reaches the
shelves in grocery stores is only bjs per cent of the
intensity of the light outside the store.

Light intensity, length of exposure and degree of

trensmission are factors which will influence the product
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exposed to it, |

Visible light éccordiag t0 Hebo (38) will not
destroy pure ascorbic acid. Ascorbic acid howsver is
sengitive to ultra violet light dbut ordinary f£lint glass
transmits little or no ultra vielet light.

Wokes and Organ (120) found that black currant
sirup exposed to sunlight will lose three %o four times
as much vitamin C as those wrapped in light-proof paper.
They also state that amber colored bottles may not afford
complete protection to the destructive properties of light.

Von Loegecke, Mottern and Pulley (1l4) believe
darkening in orange julce to be dus to oxidation. They
found light to have little effect on darkening since orange
julce stored away from the light darkened as much as that
left in the light,

N@wman; et.. al. {78) state that in general light
increases the oxidation of ascorbie acid but also stresses
at the same time the importance of the oxygen eonéent in
the headspace of the container. |

Fellers and Buek (27) found that when glass packed
foods are stored in 1ight; l~ascorbic acid losses are
gffected but it did not affect total lossés much.

Fawns (26) experimenting with black currant sirups
raports considerable losses in vitamin C when exposed vo

light. The destruction of the vitamin by light is
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acecompanied by simultaneous fading of éolor and a possible
relation between the two is suggested.

On exposurs of orange juice to sunlamps; Moore
Esselen and Fellers (73) report that no asdditional brown-
ing was formed. In connection with the stability of the
brown c¢olor of honey %o light Milum (70) found that honey
stored in light does not darken as does honey stored in
dark at the same temperature. Discoloration is comnsider-
ed to be chiefly due %0 the unstability of the levulosé.
The apparent bleaehing effect of the light on the colored
compounds derived from levulose is also pointed out by
the latter investigator.

It is well known that all chemical reactions are
greatly accelerated by heat and sometimes by light amd
the destruction of vitamin C accompanied by the forma-
tion of brown colored pigments may be no eéxeeption to
this rulse.

L, Amount of Oxygen in the Headspace. The

amount of vacuum which will determine the amount of exygen
left in the headspace of a container is a factor of
great importence ag far as the oxidation of vitamin C
in the container is concarned,

According to Strohecker, et. al. (103), ths
stability of asgcorbic acid is more affected by the
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oxygen ocontent of the air and pH than by the temperature.:

Beattie, et, al. {6) found a great loss of ascorbic
acid and a deterioration of color in samples of raspberry,
strawberry and currant juices when the bottles were
partially filled with air.

Moors, Esgelen and Fellers {73) point out that thé
presence of oxygen is directly associated with the brown-
ing of orange Jjuice and that 50 ml, of headspace give
much more browning of the 5uice than 10 ml,

Bottled grapefrult julce was reported by Federson,
et. al, (80) to deteriorate less rapidly without a head-
space than with one . |

Bennétt (7) reported that the exelusion of air in
containers does not entirely prevent the loss of ascorbic
acid in processed citrus juice helé at room temperature.

Clark (16) in discussing the effect of an sexcess
of oxygen in sealed containers of fruit julees points
out its effect on color, flavor and the reduction of
ascorbic acid with possible darkening of the juice.

Tressler; et. al. (109) found darkening of orange
julce to be more rapid in the presence of oxygen. It
also proceeds rapidly even when the juice was desaeratsed
to remove dissolved oxyszen and stored in vacuum sealed

containers.
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5. Type of Container. It is of great importance

t0 know the influence of ths type of conta:iner used on
the nutritive value and quality of the canned product
in storage. -

Several reports (some comtradictory in naturs) as
to the influence of glass and plain tin conbtainers on
certain food products have been published,

Newmen and Fellexs (78) for example studied the
vitamin C content of food produvects in glass and tin con-
tainers purchased from retail markets. They found that
twslvé products contained more vitamin C when packed in
glass than the same foods in t%in. In nine of the products
packed in glass the vitamin € contents excesded those
packed in tin. )

Riester, et. al. (89) found that distinetly
different flevors developed in orange juice packed in
plain and enamel cans but the typs of can had no effect
on the vitamin C content. To the contrary, Boyd and
Poterson (9) found that vitamin C in orange juics is
retained better in plaim tin than in epameled cans.
Lueck and Pilcher (61) made the same couclusions from
their experiments with tomato juice.

Danjel and Rutherford (19) and also Hauck (36)
nade the observation that tomato juiee canned in tin

retained much more ascorbic acid than similar juice
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packed in glass.

Reynolds (87) reported that metalic tin added to
glass packed orange juice would yisld a produect higher
in ascorbic acid than the julce packed without added -tin.

On the other hand, Tressler and Currén (108) offer
data to support their findings that ascorbdbic acid is not
lost more rapidly from glass containers than from tin |
cans provided both types of containers are 6omp1etely
filled,

6, Antioxidants

{a)- Sodiumehloride. The catalytic action

of copper im the oxidation of ascorbic acid was reported
by Mapson {65) to be greatly reduced by the addition of
halides. The protective effect only sets im if the
halides are present in sufficient amounts.

Armentano (2) found that the rate at which copper
catalyses the oxidation of vitamin C is directly propor-
tional to the copper concentration. He further found
that calcium chloride, potassium chloride and sodium-
chloride accelerates the oxidation in dilute solutions
(1-2 molar) but in stronger concentrations (5+10 molar)
they have an inhibiting effect even. to the extent of
completely suppressing the spontaneous oxidation of the
ascorbic acid, This effect is attributed to the chloride
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jon. The greatsr the concentration of coppef prasent ﬁhé
greater the concentration of halide necessary to obtain
the gsame protection.

According to Mapson (65) the maximum effect of
halides were obtained with a pH range of 2.3 to 4,0.
This effect diminishes rapidly between a pH of L to 6
and also below 2,0. Of the halides tested iodides were
found to be the most effective and chlorides the least,

Pendleton (81) and Hpygasrd end Rasmussen (39)
experimenting with sod'iumc.hlori@e in cooked vegetables
found a 16 to 19 per cent saving of ascorbic acid when
the vegetables were cooked in salt water, Summerizing
the literature it is found that the factors that will
influenece the &egree of protection of ascorbic adid ag
seéured by the adding of halide. salts to foodstuffs
may be the following:

1. The concentration of halide added.

2. The température.

3. The pH of the solution.

L4« The copper content.

5, The nature and concentration of sub-

gtances such as hydroxyacids and sugars.

Mapson (65) adds to this that in complex systems

such as in the case of foodstuffs other factors no% taken

into consideration in the above summary may have an
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influence on the action of the salt.

For practical purposes it should be remembered
that the addition of such .salts will effect the flavor
and very high concentrations to protect vitamin C oxida-
tion will then be out of the question,

Mapson (65) states that 1 to 2 per cent NaCl .
can be added to vegetables and 0.5 per cent may be added

to fruits without affacting palatability.

(b) d-Iso Ascorbic Acid. Yourga, Esselen

and Fellers (122) found that in a mixture of l-ascorbic
acid and d-iso ascorbic acid the latter is preferably
oxidized and thus protects the l-ascorbic acid from
oxidation. It is on.this principle that the properties
of d-iso ascorbic acid as an antioxidant is based.

Esselen; Powers and Woodward (25) in their re-
ports on citrus juice claim the same propertiss for
d-iso ascofbic agid.

Moore (71) after using'd#isé ascorbic acid in
orange julce concluded that 1t rather increases than
prevents or retards darkening in orahge Jjuics.

Beattie, et. al. (6) claim a protection of éhe
color in tomato juice when 30 and 95 mg d-iso ascorbie
acid were added per pint. The natural good flavor was

also preserved.
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B. The Role of Ascorbic Acid end Supars in the Browning

Reaction

T WA

The development of "browning" or dark colored pig-
ments in foed products is usually accompanisd by undesir-
able changes in flavor; odor and nutritive values which
mean a deterioration in quality. |

Color deteriorations im food preodusts involvs a
series of complex reactions in a complex system in whieh
very many variables are involved. This mekes the study
of the browning mechanism so difficult. The brows pig-
ménts, huminlike in nature are also very complex im
cormporition and this further complicates the study of
these -reactions. ‘

Stadbmen (102) lists the theories of the browning
reaction as: 1. The Meillerd or melamoidin condensation
theory; which involves a condensation of reduecing sugars
and amino acids resulting in the formation of dark colored
@substances; 2. The ascorbic acid theory in which ascorbic
acid and relaved compounds are said to be precursors.
Upon oxidation of these compounds reactive products are
supposedly formed, which upon polymerization and reaction
with nitrogenous compovnds form brown pigrents.

(Koppanyi (55)); 3. The aetive aldehyde theory. Sugars

on decompesition form sugar acids and furfuraldshydse or
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related campounds; which are characterized by hawing an
active carbonyl group. These compounds may condense with
nitrogenous compounds which mey glve rise to brown
ré¢sinous materials.

Nelson, Mottern and BEddy {77) point out that the
conditions favorable for the Maillard reaction are high
sugar concentrations in a slightly alkeline media. The
aynthebtic jellies in these investigations had a pH of 3.1
and for this reason and also for the faect that practical-
ly no nitrogen is present in thess jellies; the discus-
sion of the browning reaction as related to this reaction
will be discontinued,

In orange marmalade we have a much more complex
system and catalytic factors might be able to bring about
the reaction with small amowmts of soluble nitrogen
present in the oranges.

The browning of Julces especially citrus juieé has
been investigated quite extensively. Joslyn and Marsh
{bk); (L6), (48) and Joslyn, Marsh and Morgan (47) were
of the opinion that the browning of orange juice in-
volves oxidation. It was also stated that the less of
ascorbic acld was régulated by the amount of availlable
oxygen. The process of browning also paralleled the

loss of ascorbic acid. They found, and so did Hamburger
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and Joslyn {35) that darkening did not occur immediately
in processed orange juice but only after the initial
ascorbic acld has reached a very low level. They sug-
gested that certain substances whioch prevent darkening
may have to be oxidized before darkening can bagin,

Losffler (60) however to the contrary found that
darkening in orange juice can be determined when the re-
ducing walue as measured by the indophenol dye has
diminished only 10 to 15 per cent. This will susgest
that the darkening st%arts coineidentally with the oxida-
tion of vitamin ¢ and not after part has first been lost.
Further observations of Loeffler (60) show that vitamin C
was lost in frozen semples without being accompanied by
a change in color. This will in&iéate that the color
change is not duc to oxidation and is apparently not
correlated with vitamin C losses,

Hamburger and Joslyn (35) advance the following
theoriss for the auto oxidation of filtersd orange juice:
?a} ‘fhe ascorbic acid is oxidizsd to the ddiydro form
and this in turn is decomposed to further oxidation
products. VWhen all the ascorbic acid in the reduced
form has been depleted the darkening occurs as a result
of polymerization of the oxidation products of ascorbic

acid, However not all of the vitamin € participates in
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the darkening.

"{b) After the reduced ascorbic acid has been de-
pleted and only then; can an unknown substance X be
oxidized and this in turn is quickly polymerized and
darkening ocours®. | '

Szenb~@yorgyi (106) reports that ascorbioc acid can
redueé‘all guinones and phenols and in this way prevent
pigment formation. 'Polyphenals.on the other hand form
intensely dark compounds in the presence of ferric ions
Zerban (123).

" Moore, et. al. {72 and (73), experimenting with
orangé Jjuice found that ascorbic acid is an impoftant
factor in browning and a marked increase in the browning
of the juice is reported when stored in the presence of
oxyeen.

Certain chemical reaetiens were found to accompany
the browning reaction of which the production of CO, is
oneé. This €O, devalepmenﬁ has been reported by Hall (34),
Curl, et. al. (l?); Gresr (29) and several other workers.
Loaffler (60) demonstrates in his experiments that the
amount of CO, produced is inocreased by raising the
temperature of storage. The total quantity of €O,
produced was reported to be ten times as great as the
oxygen which had disappeared during the five months
storage at 35° C.
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As a result of certain chemical changes which sugars
undergo in storage of food products, several investigators
have tried to correlate browning with changes in reducing |
sugars . )

Wilson {117) end Hall (34) state that peducing
| sugars are negessary for the darkening of certain concen-
trates. A slight decrease of reduoing'sugars'during
storage has beeén reported. éﬁrl, et. al. (17) also re-
port losses in reducing sugars in orange concantfates
during storage. These reducing éugar losses we%e shown
to be roughly paralleled by changeé in coior.

Curl (18) found the combination of sugars and
‘amino acids the principal factor in the darkening of sugar
solutions. When ascorbic acid was added to this mixture
the darkening was increased to a graét extanﬁ#

The decomposition of carbohydrates as carbohydrate
derivatives which may yield coiara& bodiaa; or inter-
mediates which on polymerization bacone colore&; wag
pointed out by Joslyn (L9). Uromic acid derivatives of
simple sugers decompose in acid solutions, first into |
pentoses and €0 and subsequently into furfural, Vhen
the latter polymerizes various brown resing are formed.
Joslyn continues in saying that ascorbic acid also
yields furfural in the presence of acid and that COy
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development from sterile juice concentrates has been
asoribed to the decomposition of ascorbic acid. Yellow
and reddish brown pigments are formed when furfural
derivatives polymerize with other substituents. Stadtmen
(102) states that very small amounts of furfural-
dehyde added to apricot sirups cause a great inersase in
the rate of browaning.

| Invert sugar solutions such as honey or other
sirups containing levulose are particularly susceptible
to discoloration on heating (Joslyn (L9). Isaac (42)
points out that levulose will caramelize spontansously at
989 F or higher btemperatures.

Aceording to Kruishesr (56 and 57) hydroxymethyl~
furfural may be formed as a dehydration produet of
levulose particularly in aecid solutions. This substance
again will reé&ily'polwmarize with other substances to
form dark colored compounds, |

In acid solutions both glucose and fructose are
converted into amhydrides so-called "reversion products™
(Zerban (123)). These anhydrides wndergo further
condensation and polymerization and will yield fructose-
earamel, Glucose is found to be more stable under acid
conditions than fructoss, BEikelberg (22) found that the
decomposition of levulose on heating is greatly affected
by pH.
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Stadtman (102) stresses the fact that relatively
small chemical changes are reguired to produce browmn
pigments, which in small amounts can be the cause of
excessive discoloration. | ‘

That compounds; other than reducing sugars; are also
involved in the browning reactions is evident from the fact
that Stadtman (102) in his experiments found that removal
of sugars from apricot sirups by fermentation decreases
the rate of browning-to only half that of the original
rate. Joslyn and Msrsh (48) report the same thing on
orange julce. -

Uronic acids and asoorbic acid which can form
furfuraldehydes were not removed in the above experiments
end are still there to form polymerized complexes.

Haas and Stadtman (33) using lom exchange resins
to identify types of compounds involved im the browning
cams to the conelusion that the overall brovning is the
result of at least four different types of reactions:

1. Reactions between nitrogenous constituents
and sSugar.

2; Reactions between nitrogenous constituents
and orgenic acids,

3+ Reactions between sugars and organic acids,

L. Reactions involving only organic acids.
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In their separated neutral fraction it was found
that glucose was one of the most important oonstituents
with respect to bhrowning.

From the above literaturs review it is evident
that brovming is produced by a series of complex reactions
which make the sgtudy and characterization of an individual
reaction very difficult, MNany of the fundamental factors
involved in the browning réaction are not known and work
raported on these reactions are sgtill contradictory in

natures.

C. Formation of Reductones and Reductic Acids

The presence of substances known as reductones and
reductic acids in various proeessa&_rqods has been reported
by several investigators.

These substances are of significance in that they
also reduce the indophenol dye which is usually employed
for asgorbic aeid determinations. These substances
differ from asgorbic acid however im that they have no
antiscorbutic value and by reporting values of reduced
indophenol as aseorblc acid may, when these reductlons
and reduciic acids are present, be erroneous.
| Hawk; Oser and Summerson (37) point out that the
terms reductons and reductle acid are used rather 1ooseiy

for reducing compounds which &re formed during heat
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processing and storage of certain foods, They report re-
dustones to be hydroxypyruvic aldshydes and that reductic
acids are formed when certain pentoses are treated with
acids. Both these substances are according to them
simiiar to vitamin G in structure, stability and chemical
reaction., These same substances are referred to by
Wokes, ets al. (119) as "apparent vivamin OV,

Ro¢ and Ossterling (91) found in their experiments
that these reductones do not% only repldly decolorize the
indophenel 4ye but also int@rfere with the dinitrophenyl
hydrozine method of vitamin € determination.

Pollard, Kieser and Steedman (84) aseribe the
apparent synthegis of ascorbic meid in their sirups end
juices; to the development of these reductones; and
concluded that heat tr@aﬁmﬁnt; previous history of the
product, oxidation and adverse storage conditions will
influence the development of these substances.

According to Mapson (66) and to Miller (69) the
prégence of reductone-like substances is not to be ex-
pected in many fresh fruit and vegetablesg and the usual
indophenol tditration methed can be used for vitemin C
determinations without any modifications.

Several workers like Mapson (66), Lugg (62),

Snow and Silva (100), Robinson and Stotz {90) have
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devised formaldehyde modification methods for the deter-
mination of these interfering substances., O0f all these
methods the one by Robinson and Stotz (90) is relatively
simple and more adapted for comntrol work on foods. The
latter workers however point out that due to the unknown
nature of these reducing substances their formaldehyde
modification method cannet be claimed to offer an e€xact
differentiatian;be%waen these reductone substances and
vitamin C.

\ Miller (69) making reduectone determinations on
orange marmslade found a reductone interferehce amounting
to 8 per cent of the dys reducing substances after Tive
. menths storage at LO®° ¥. It was further stated that the
reductone developmenb appeaxrs to be inversely proportion-
al te the amount of vitamin ¢ initially present., The high
initial vitamin ¢ content of rose hip jam (337 mg. per
100 grams) for example; seems to stabilize the product.
Orangs marmalede with 27.3 mg, vitamin C initialiy showed
glight reductone formation while cranberry sauce with
only 1.8 mg. per 100 grams shows & development of large
percentages of interfering substemces.

Lincoln and WeCay (59) report the development of
non-gpecific substances of the reductene type in orange
marmalede to be insignificant when storage was cerried

out at cool tvempsratures, Higher temperatures seem to
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decprease the vitamin C content and correspondingly increase
reductones.,

Miller (69) reporting similar £indings, adds that
an increase in réductones in commerelal orange concentrates
corresponds to a progressive charge in color from light
to dark, |

Previous reported vitamin C content of processed
foods may, due to the formation of these reductonas
be ounly "apparent vitamin C%, whereas actually very little
"true vitamin C" may be present. The importance of intro-
ducing methods which will correct for these interfering

substances is thus very evident.

D. Formation of Dshydro-Ascorbic Acid

On oxidation l-ascorbic acid isg converted to
dehydro~ascorbic acid, a process which, according %o
Borsook, et. al, (8) is reversible. They further state
that dehydro=-ascorbic acid undergoes a sgpentaneous
irreversible change and glves rise to a compound which is
a strenger acid than dehydro-ascorbic scid itself; namely,
2:3 diketo 1*gulonic acid. This change is brought about
by the irreversible hydrolysis of the lactons ring of
dehydro-ascorbic acid. On subseguent oxidation the
reaction products formed are'lwthreonic acid ané oxalic

acid.
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According to Rosenberg {92) and Borsook (8) the
biological activity of dehydro-ascorbic acid is the same
as that of l-ascorbic acid., The significance of the
presence of dehydro-ascorbic acid in food products is %the
indicatién that oxidation processes are underway. The
further transformation of dehydro-ascorbic acid to other
non~biologically active substances is very likely to
énsue (Joslyn (50). Havk, et. al. (37) state that once
the laectone ring of dehydro-ascorbilc acid has opened the
molecule readily undergoes further oxidation and may
degrade rapidly to oxalic acid,

Reporting on the oxidatvion of filtered orange
juice, Hamburger and Joslyn (35) concludsd that dshydro-
ascorbic ac¢id at first decreases at a rate whieh is
proportional to that at which free vitamin C was reduced
but then later reachés & minimum value which stays
constant. |

Lincoln and McCay (59) in experiments with the
retention of ascorbic acid in marmalades report the
dehydro~ascorbic acid content to be rather comstant
and they &id not find it correlated with the darkening

of the marmslade.
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CHAPTER IIX
EPERIMENTAL PROCEDURES

A, Preparation of Synthetic Jellies

Ingredients: 1950 gram sugar

1125 ml, of 0.1 per cent eitvric
aciad SOln .

12,5 gram pectin (0.4 per cent)
197 grade.

1.5 gram orystalline l«ascorbic
aoid, ~

(50 mg. per 100 gramg final jelly)

Procedure: 600 grams of the sugar (sucrose) were
weighed out separately and with this the powdered pectin
was thoroughly mixed. 600 ml. of the citric acid was
now added, stirred and dbrought to a boil. After the
mixture reached the boiling point it was allowed to boil
for exactly one minute so as to dissolve the pectin. The
remaining 1350 grams of sugar was now added and the
temperature again raised to boiling point. The dbatech
was now removed from the flame and the ascorbie acid
and copper sulfate, where necessary; were washed in with
thé remaining citric acid solution. Again the mixture
was brought to a boil and boiled down to a final weight
of 3000 gram. The final total soluble solids of the
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bateh were 66 per cent as determined by refractometer,

Where sirups were used adjustments were made in
the final weights of the batch $0 allow for the water
content of these sirups.

The top foam of the batch was skimmed off and
the jellies Pilled immediately into the glass or tim
containers. Siz-ounce jelly glasse¢s and B-ounce plain
tin eontainets filled with 170 gram and 250 gr, jelly;
regspectively, were used. The headspace left betwesn the
jelly and the 114 of containerswas 22 ml. for glass and
225 for tin.

' The 1ids of both containers were boiled in water
for a few minutes and placed loosely on the conbtainers
immediately after they were filled and weighed. The
containers were allowed to cool for at least 3 hours;
after which they were vacuum sealed, A mercury mero-
meter was used to measure the vacuum in the chambers
of the sealing machines. Ten inch and 25 inch vacuums
were used. ‘

The different boilings were stored at 32° F,
room temperature (avg. 7@Q'F), in sunlight of a south
window (avg. 51° ¥) and at 100° ¥, The first analyses
were made the day after boiling and thereafter again at

1, 3 and 6 month intervals.
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B. EPreparation of Orange Marmalade

The oranges were hand-pesled and the pesls and
centers minced separately. Fifteen hundred grams minced
peel, LOOO ml, distilled water, and 50 grams citric‘acid
were weighed out and boiled for about 20 minutes in a
steam jacketed kettle until the peel was soft and tender, |
Minced centers (7550 g.) wers separately boilsd for about
15 minutes end to this the boiled peel was added. After
thorough mixing the mixed batch was boiled together to a
final weight of 6330 grams.

4 preliminary marmalade boiling from the above
prepared pulp; to find the vitamin C retention was made
the seams dayc' Analysis showed a 6.66 mgm. per 100 gram
marmelade retention. ‘Lincoln and McCay (59) found a
retention of 2 to 14 mgm./100 gram marmelade in commercial
marmalades.

Copper analysis of the pulp showed it %o contain
O.Qi.ppm, coppers

The orange pulp was lkept at 32° F overnight and
the next day the marmalade boilings were made using the
following ratios:

%gg gi?mglggépdistilled wabter
LO0 grams sugar ‘
This mixture was boiled to a final weight of 630 graams
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whioch resulted in a mermalade containing 66 per cent total
soluble solids.

Additional crystalline l-ascorbic acid was added to
bring the level of the final boiling up to about 50 mgm./
100 gram marmaledse.,

The eitric acid addsed to the minced peel was
enough to adjust the pH of the marmalade batch to the
desired 3,1 so that no additional citric acid was required.

Ne additional peetin was used in théese boilings.

The containars; vacuum sealing and storage
tempsratures for the mermalade were the same a8 for the

synthetic jellies.
C. Matenials'ﬂsad

1. Sugers and Sugar Sirups

(a) Sucrose = commercial grenulated cane
sugar '

Copper content = 1425 ppm.
{b) Commereial erystalline dextrose
Copper content = 0.63 ppm.

{¢) High conversion ocorn sirup, abbreviated
heresafter as H.C. corn sirup

{acid inverted) |
Copper content = 4.5 ppm.
Total soluble solids = 82,5%



Manufacturers enalysis:

Baume! = 43° Baume'
Dextrose eguivalent
PH
Ash
- Bugar analysis, dry
Dextrose

Maltose
Dextrins

Higher Sugars

Fe

58~62 D.E.
Lis7+5.0
0.03%
basis:
h0.5%
28.5%

& 23,0%

H

C A%

1]

£3)

i
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{d) Low econversion corn sirup, abbreviated

as L.C. corn sirup

- Gopper content

= 1.84 ppnm.

Total soluble sollds »83.5%

Menufacturers analygis:

Baume* = 43°
Dextrose equivalent
| PH
Ash
Fe

z 43 avg,
= bi7=5.0
fod 003

Suger analysis, dry basis:?

Dextrose

Maltose
Dextrins
Higher Sugars

- 22%
= 21%
= 37%
= 20%
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fe) Invert sirup made im the laboratory as
follows:
453 gram of above mentioned sucrose
0.563 gram chemically pure citric acid
120 ml. distilled water
The above mixture was heated on a water bath at 212°F
for ons hour. The analysis of this sirup was as follows:
Redueing sugars = 66.8%
TPotal soluble SGIiés (Rafr.) = 81.87

N

Copper content = O.14 P.p.d.

2, Suger and Suser~Sirup Ratiecs

For both the synthetic jellies and orange
marmalade the following combination of sugar and éugar»
sirups were used for the boilings:

{(a) 100% sucrose

(v) 50% (wt) H.C. corn sirup (60.4 D.E.) ¢ 50% sucrose

(e} 50% (wt) L.C. corn sirup {4L3.9 D.E.) # 50% sucrose

(d) 504 (wt) Invert sirup # 50% sucrose

{e) 25% dextrose + 75% sucrose

The reason for using 25% dextrose in the last case

was to simulate commeréial procedurss where a 25 to 30
per cent inversion in jams is considered optimum to prevent
erystallization of the sucrose. . '

The consequence of using these corn sirups with
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their high dextyrin contents is that the boilings made from

them contain less sugar than the others.

3. QOrangss
The oranges used for the mermalads wers the

first Navels of the winter crop of 1948. They were not
very ripe and a large percentage still had some green

spots.

De Methods of Analysis

1, Copper Determinations. Copper was determined

by using a micro-method of Fden and Gresn (21) which is a
modification of the Callan aud Hepderson {(11) method. A
"Lumetron® photo-electric celofimﬂter was used for
neaguring color density.

For copper conecentrations of 5 gammas and higher
a 530 millimicron wavelength filter was used and for
concentrations below 5 gammas per tube a gzo‘miilimicron
filter was employed, as suggested by EBden ané Gresn (21).
Aceording t0 them a betbter extinetion coefficient was
cbtained for the very low copper concentrations with the
520 millimicron filter. Two ge¢parate standard ourves;

one for sach filter employsd were used for calcéulations.

2+ A-Ascorbic Acid Determinations. l-Ascorbic

acid was determined by the indophenol-xylene extraction
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method of Robinson and Stotz (90) using a "Lumetron" photo-
slectric colorimeter for the color measurements. A 530
millimicron filter was used and a standard curve was preé-

pared.,

3+ Reductons and Reductic Acids Determinations.
The formaldehyde modification method of Robinson and
Stotz {90) which is assumed to correct for the interfer-
ing action of reductones, was ﬁsed. Color measurements
were made with the same instrument as described under
l-ascorbic acid using a 530 millimicron wavelength filter.
Formaldehyde forms a complex with ascorbic acid and pre-

vents it from reducing the dys.

L. Total Aseorbic”Acid Determinations. The method

used here was the same as the one deseribed in "Methods
of Vitamin Assay” (L4). This method is an adaptation of
the method of Roe and Oesterling (91) which is based on
the osazone formation of 2,4-dinitrophenylhydrazine with
dehydro-ascorbic acid after oxidizing the ascorbic acid

with bromine.

5. Dehydro-ascorbic Acid Determinations. Direct

dehydro-ascorbic acid determinations were made by the
meéthod of Roe and Oesterling (91) as outlined in "lethods
of Vitamin Assay" (4).
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6. Reducing Sugar Determinations. Reducing sugars

were determined by the Lane-Eynon general volumétric
method as described in the 6th edition of Methods of
Analysis of the Assoclation of Official Agricultural
Chemists (3). |

7. GColor Detérminations, The color changes taking

place in the jellises and marmalades are marked by the
formation of yellow- to dark brown shades. The following
method was used for the color determination. |

100 grams of sample were dissolved in 100 ml of
5 per cent metaphosphoric acid. The slurry was allowed
to filter s;owly; first through a linen ¢loth and there-
after with suction through a No. L1l Watman's filter paper.
Resulting air bubbles in the clear filtrate were centri-
fuged out.

The color index of the filtréte was determined in
a "Lumetron" photo-electiric colormeter using a 420 milli
micron wavelength filter because a better spread was
obtained with this filter. Five per cent metaphosphoric
acid was used as a blank. |

The galvanometer reading was adjusted to 100
per cent transmission with the blank, after which the
sample tube was introduced and the per cent transmission

noted. A high reading indicates a light colored product
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whereas a low reading, indicates a brown colored product.

. 8, Speotrophotometric Analysis. A Beckman Quartz
Spectrophotometer was employed for these deterﬁinations,
In the visible range the 5 per cent clear metapﬁosphoric
acid filtrate as prepared for the color measurements
described previously was used. |

For the ultra viblet range the samples were taken
up in distilled water since the ultra violet light was
not transmitted through the metaphosphoric acid, Quartz
tubes with the appropriate ultra violet lamp wers used

for the latter readings.

9. QOther Determinations. A Beckman glass elec-

trode model M pH meter was used for determining pH
values.

Soluble solids were determinsed by means of a
Zeiss refractometer.

Vacuum was determined by using an ordinary
laboratory vacuum gauge (Pune¢ture type) whioh was
previously calebrated with a mercury manometer type

vacuum gauge,
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CHAPTER IV
EXPERIMENTAL RESULTS

A. Bffect of Sugars and Suger Sirups in Synthetic Jellies

And Orange Marmalade on

1. Losses of l-asoorbic Acid and Total Ascorbic

Acid. The influence of sugars and sugar sirups, as in-

gredients usually employed in the manufacturing of jams
and jelliss, on the retention of vitamin C was investi-
gated first, by employing them in a relatively simpls
system such as synthetic jellies (m2de with citrus pectin
and eitric agid)'ana secondly, in boilings of orangs
marmalads.

The experimental data of losses of l-ascorbic
acid as influencsed by the different sugar and sugar-
sirup combinations used in syn%hetié jellises are presented
in Table I and the losses in the glass and tin containers
are graphically illustrated in Figure 1.

Referring to the data in Table I, but especially
to that in Figure 1, it is noted that if the losses of
l-ascorbic acid after three as well as six months storage
at 100° ¥ are taken into comnsideration, the order of de-
ersasing retention of ascorbic acid in both glass and

tin containers was L. C. corn sirup, H. C. corn sirup,



TABLE I

Losses of l-ascorbic Acid in Synthetic Jellies and Orange Marmalade
at 100°PF, as influenced by Sugars and Sugar Sirups.

(10" vacuum, .

Copper in all cases adjusted t6 2 p.p.m,)

L.C, Corn Sirupx K.C., Corn Sirup Sucrose Dextrose Invert Sirup
Storage Time Glass Tin Glass _ Tin _Glass Tin Glass Tin Glass Tin
Honths 3 R % % % 4 2 % 3 4
wemeww—-loss __Loss _ Toss _ loss _loss Loss _Loss  Loss Loss _Loss _
;Sgn‘_hhe‘_i’:_ic Jellies ‘ y .
1 87 188 I3 167 2L7 28.3 26,5 32,3 .4 32,5
3.4 360 35 369 W67 5hS 503 ST 134 619
@i 771 62,0 881 62l 7.0  63.8 88,7 5.2  95.6
Orange Maréxalade ”
1 261 29.3 26,7 28,5 267 267 28,3 33.7 333 35.0
M5.6 M5 50k 50k 50,0 167 555 59.9 65.6  67.h
W0 BL6  TLS 79,2  T7.8 83,3 78,3 89.2 86,6 93k

# The ratios of sucrose replacements were outlined in the experimental procedures,

Rk
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sucrose, dextrose and invert sirup.

Another outstanding feature of the data in Table I
is the excessively high losses of vitamin € in the tin
containers as compared to the losses in the glass contain-
ers under the same conditions.

Comparing the losses of l-ascorbie acid in the tin
and glass econtainers it was found that the average losses
for the above mentioned synthetic jellies were the
following:

Per cent Losses Per cent Losses
After 3 Months. After 6 Months.
Stored_at 100°F, . Stored_at 100°F.,
Glass bl.2 62.2
Tin 7.0 87.3

Comparing the peroentagaﬂlosses'of total ascorbic
acid of the different synthetic jelly boilings étored in'
tin containers (Table IT) it is evi&ent that the order
of dscreasing retention was the same as in the case of
l~ascorbic acid losses.

Data for the total ascorbic acid losses in glass
do not follow the above mentioned sequence of.reﬁentibn‘
very distinctly. From the asnalysis of the jalliés in
the glass comtainers it 1s however clear that there was
a better retention of ascorbic acid in the corn sirup

samples then in any of the other sugar jellies tested.
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The average losses for total ascorbic acid of these

jelly voilings were as follows:

Percent Total Ascorbic Porcent Total Ascorbic
Acid Losses (average)after Acid Losses (averags)

3 Months at 100°F ~  after 6 Months at ‘-_.L_@_p_?F
Glass 35.9 : 58.0.
Tin 39.0 Tha?

Again the relatively large losses of total ascorbic acid in
the tin containers are very evident.

The level of total ascorbic acid lost is“mﬁch lower
than that of l-~ascorbic acld. The conversion of l-ascorbic
acid to dehydro~ascorbic acid which is inecluded in the
total asgcorbic acid determinations may acecount for this.

The influence of the different sugér and sugar-
sirup mixtures on the l=ascorbic acid losses in orange
marmalade is presented in Table I and graphically
illustrated in Figure 2. |

From the graphs illustrating the l-ascerbic acid
losses in the tin containers, it is found that tha order
of decreasing retention of l-ascorbie acid iaa L.C.
corn airUp; H.Cs corn sirup, sueross, dexﬁrosﬁ and
invert sirup; which is the same order as for synthetic

jellies.



TABLE II

Losses of Total Ascorbic Acid in Synthetic Jellies and Orange Mamalade
at 100°F, as influenced by Sugars and Sugar Sirups.
(10" vacuum. Copper in all Cases adjusted to 2 p.p.m.)

L.C, Corn Sirup H,C. Corn Sirup __ Suerose Dextrose ___ Invert Sirup

Storage Time Glsss _ Tin  Glass _ Tin  Glass Tin Glass Tin  Glass __ Tin
% K % F: % 8 % g %

Honths Loss Loss Loss Loss Loss Loss Loss Loss Loss Loss

| wﬁaﬁc Jellies

1 33 157 9k 11 157 28 221 26,5 118 30,9
3 26,7 31,0 26,8 25,8 37,5 133 8,6  LB.0 29,9 h7.3
6 514 $6.6  51.2 75.1  75.8 75,0 53,6 76,3 603 90,8
. ‘ ‘ Orange Harmalade . ‘
1 19.9 22,3 19.7 22,7 251 19.9 2.5 26,k 26,9 28,6

0.0  Ioa WA 5.0 488 3.7 484 180 58.8 58,2
5500 7305 5806 6607 61013 6806 6803 7600 7&0? 7607

8%
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From the data in Table I under orange marmalade,
higher losses of l-asc¢orbic acid in the tin than in the
glass is very clear. This was also found with the
synthetic Jjellies.

Average losses of l-ascorbic acid in orange
marmalade as compiled from Table I are as follows:

Rercent l-ascorbie Acid Percent l-ascorbic Acid
Losses after 3 Honths Losses af'ter 6 lMonths

Glass 5344 777
Tin 53.2 - 85.3

Comparing the percontage losses of Lotal ascorbic
acid of the differeant orangs marmaledes in Figure 3; it
is found that the sequence of decreasing retention exert-
ed by the differsnt sugars is the same as that for ths
l-ascorbic acid losses. This was also found wish the
control samples of orange mermelade boiled without adjust-
ing the copper to the 2 p.p.m, level.

When the averages of the total asgorbic acid
losses of orange marmalade in the glass and the tin con~-

tainers are compared, (Table II) the following
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differences arse found:

Losses of Total Ascerbic lLosses of Total Ascorbie

Acid after 3 Months Acid after 6 Months
L at JOOOF  _ ab 300%F
Glass 48,3 % 63»5 %
Tin 5602 % 7307%

Orange mermalades therefore appear to lose l-ascorbic
acid and total asccrbie aoid in both glass and tin con-
tainers at a much fastey rate than the synthetic jellies.

In considering the better retention of vitamin C
in the ocorn sirup sam@les; their high dextrin content
should be borne in mind; which results in a slightly

lower sugsr content.
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FIG.3 Losses of total ascorbic acid in orange marmalade

stored at 100°F as influenced by sugars and sugar sirups.
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2. Color Changes. A distinct brovn color develop-
gd in the synthetic jellies first only at the higher

storage temperature (100° F) but later also bacame notice-
able at room temperature. |

These color developments were first only slight
but the figures in Table III indicate that as the storage
time progressed the intensity of the ¢olor also increased.

The graphical illustrations of these data
(Figure L) show very distinctly how much more pronounced.
the dark color development was in the tin than in the
glass contalner.

The sequence of increased color development ag
formed in the different sugars and sugar siruwp boilings
was jnvert sirup, dextrose, suerosse, H.C. corn sirup and
L.C., corn sirup. In other words, the invert sirup was
responsible for the darkest color developed whereas the
gorn 8irup boilings showed the least discoloration.

There was very little difference betwsen the
color development as caused by suerose and the sucrose-
dextrose mixture.

The degree of intensity of the brown color as
developed in the synthetic jellies after 6 months
storage at 100° F is demonstrated by a series of
photographs in Figure 5. The excessively dark color

as develbpa@ in the invert sugar boilings



TABLE III

Effcct of Sugars on Color Changes in Synthetic jelly and
Orange Marmalade at 100%, (10" Vacuum. Copper in all Cases
adjusted t6 2 peplm.)

Storage Tine

0 W ™ O

L.C, Corn Sirup H.C, Corn Sirup Sucrose _Dextrose Invert Sirup
Glass. Tin Glass Tin Glass Tim _ Glass Tin | _Glass Tin
........ fefus. _ Trivs.__frewe. _ Dibvg.__ Trans._ P, fras, Tvs. Toows, _ Trane.
Syathetic Jellies
96,0 96,0 96,0  96.0 96,0 96,0 96,0 96,0 96,0  96.0
97.0 9k.5 9ke5 92.5 94,0 95,0 88,0 89.0 91,0 840
88.5 89.0 88,0 87.0 89,0 87.0 88,0 97.0 81,0 74,0
83.5 73.5 7945 6k, 5 78,5 W05 T73.0 59.5 71,5 - 28,0
grange liarnalads
71.0 71.0 71.0 71.0 7.0 7.0 71.0 7.0 7.0 71.0
42,0 4645 0.0 - L4o0.0 k7.0 51.0 Lk.0 50.0 25,0 24.0
28,0 26,0 17.5 31.0 28,0 30,5 29.0 16,0 17.0

WAV I L)

26,5

%$



% Transmission

55

FIG.4 Effect of sugars and sugar sirups on color changes: in

synthetic jellies stored at [|0O0°F
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Fig. 5. Illustrations of Color Development in Synthetic Jellies
After 6 Months Sterage (10" vacuum in all containers)

A. Sucrose, 100°F no d-iso ascorbic acid (83%)x

B. Sucrose; 100F 4+ 20 mg, d-iso ascorbic acid/100 g, (86%)
C. Sucrose, Sunlight (519F) no d-iso ascorbic acid (9L%)

D. Sucrose, Sunlight (51°F) + 20 mg. d-iso ascorbic acid/100 g.(9L%)
E. L.C, Corn sirup, 100°F (86%)

F. L.C, Corn sirup - Copper, 100°F (83%)

G. Sucrose, 100°F (82%)

H. Sucrose + Copper, 100°F (79,5%)

I, Invert Sirup, 1000F (75%)

J. Invert Sirup + Copper, 100°F (71,5)

K. H.C. Corn sirup + Copper, 100°F (78%)

L., H.C. Corn sirup, 100°F (82%)

% % Transmission
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{containers I and J) as compared with containers E and F,
containing the corn sirup bollings, is very clear., The
per cent transmission glven for sach sample may help in
distinguishing the eolor intensity differences of these
illustrations,

‘The sanme dark color development which was observed
in the synthetic Jjellies also develops im the orange z
marmalade. These color developments were aspecielly
severe at the higher storage btemperaturss and became
noticeable first also in the top layers of the contalners.
Containers 2; 3, and 12 in Figure 6 illustrate this wvery
clesarly.

¥rom the data in Table III and from the graphs
in Figure 7 it 1s shown that invert sirup is responsible
for excessgive diseoloration in the orangs marmalade.
Compare containérs 1 and 2 (invert sirup marmalede) with
the containers in the bottom row of Figure 6., This is
in egreemsnt with the synthetic Jjelly results.

The least color development was found in the
sucrose and suecrosse=dextrose boilings. The L.,C. corn
sirup and H.C. corn sirup boilings it in intermediately

between the sucrose and invert sirup samples.
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Fig. 6. Illustration of Color Development in Orange Marmalade
due to Type of Sugar, Added Copper and Storage
Temperatures,

TOP ROW: (left to right)

Invert sirup 100°F, copper added. (25%)#
Invert sirup 100°F, (32%)

Sucrose - room temperature (66%)

Sucrose -~ room temperature, copper added (6L%)
Sucrose Sunlight (S51°F) (72% ‘
Sucrose Sunlight (51°F), copper added (67%)

BOTTOM: (left to right)

Sucrose 1000F - (50%)

. Suerose 100 F, copper added (47%)

H.C. Corn Sirup 100°F (L7%)

H.C. Corn Sirup 100°F, copper added (40%)
L.C, Corn Sirup 100°F 42.0%)

L.C, Corn Sirup 100°F, copper added (38%)

¥ Color ~ Per cent Transmission.
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The effect of sugars and sugar sirups on color
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3+ Degree of Inversion in Storage. By using the
different sugars and suger sirup combinations a large
variation in the per cent of reducing sugars of the
different boilings was obtained. '

The per cent inversion of the different synthetic
jelly boilings and the progress of inversion during the
six months storage at 100°F is graphically illustrated
in Figure 8., After eix monbths storage the invert sirup
jellies showed the largest per cent of inversion followed
in decreasing order by dextr@se; sucrosa; HsC. corn sirup
and L.C. corn sirup. |

As pointed 9u% in the literature review om this
subject previously, several workers, Hall (3@); Wilson
(117) and Curl (17) tried to correlate invert sugars
with losses of astorbic acid. By doing this with the
ax@eriméntal results the data presented in Table IV show -
a very definite correlation between the per cent reducing

sugers present, browning, and the lossses of vitamin G,



Reducing sugars - %

o
=

30.

.O/

61

F1G.8 The degree of inversion in synthetic jellies prepared from

different sugars and sugar sirups stored in glass at 100°F

o Invert sirup

/‘//

b ¢ .Dextrose
@
3-0 e Sucrose
4-0 @ HC.Corn sirup
5-0 @ L.C.Corn sirup
1) i 3 : ©

Months



o W o o

TABLE IV

Comparison between the Degree of Inversion, Color and Loss
of l-ascorbic Acid as Related to the Type of Sugar of
Synthetic Jellies at 100%,

L.C, Corn Sivup H,C, Corn Sirup Sucrose Dextrose ~ Invert Sirup

% & % % &% % & # & % & & # % %
Inv, Trs, A.a. Inv, Prs. A.a. Inv, Trs, A.a, Inv, Trs, A.a. Inv. Trs. A.a.

————— e eOSB____dOSS dess . __dess_ _____ 3os8_
. Olass Contadners
19.1 9.0 - 23,7 9%6.0 - 7.6 96,0 - 22,6 96,0 = 37.0 96,0 =
- - - 28y 95.5 9.5  23.3 9b.0 15.7- 28,4 91.0 12,8 k3.7 90.5 9.9
33,2 90.0 17.7 37.0 67,6 25.0 0.0 89.0 37.5 k3.L 8L.O 27.3 '53.6 8L.S 22,2
AB;? 86.0. L3.9 ‘h6..6 82,0 h9.7 58.0 79';-0 ,... 58,8 76,0 51,1 61.h 75.0 57.7
Tin Containers

19.1 96,0 - 23.7 96.0 -~ Te6 96,0 - - 96,0 - 37,9 9.0 -~

28,k 97.0 8,6 30,8 95.0 7.9 25.895.0 2k.8 - 89,0 25,0 L8.6 88,0 16,6
348 91.0 15,7 38.8 86.0 32,8 145.087.0 3.0 ~ 85,0 21.0 55.0 76,0 32,7
L6.s 72,0 56,0 L7.6 6h.0 68,3 58,5 40,5 Ths9 -  57.0 73.3 63.8 28,0 76.7

0N W M O

29
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The per cent loss of ascorbic acid in the presence
- of the various sugars in inoreasing order 1s L.C. corn
sirup, H.C. corn sirup, sugrqse; dextrose and invert
girup. Comparing the per cont inversion with this it will
be seen that L.C. corn sirup had the lowest per cent
invert sugars after 3 and 6 montns; followed by the other
sugars in the same sequence aallistea-above, The figuves
for color changes follow exactly the same pattarn,‘that
is, corn sirup jelllies developed much less c¢oler than
invert sirup jellies under the same conditions.,

It 4s algo interesting to note that the per oent‘
invert sugars were in most cases always slightly greater
in the $in then in the glass containerg; The strikingly
higher losses of l=asicorbic¢ acid ahd éxcessive dis~
coloration ir the tin containers has already been pointed
oubs

The per cent reduclng sugars formed may be tied
up to a certain extent with the losses of ascorbic acid
and therbrowning reaction, but this is by far not the
only factor involved in these reactions.

The exesgsively higher losses of ascorbie acid
in the tin containers ceannot be blamed on the copper
since the copper content of the jsllies in both types
of containers was the sams.

Another possibility may be the tin of the plain
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tin container. BEddy (20) however found that the cupric
ion increased the rate of oxidation of ascorbiec acid
greatly; zine jions increased it slighﬁly and stannic
and stannous ions had a slight inhibiting effect., This
also is in agreement with the findings of Joslyn and
Marsh {47).

| Sgveral workers pointed out the importance of iron
as a factor which influences the oxidation rates of
ascorbic acid {50), (51), and (115).

Barron, et. al, (5) state that iron alone does not
catalyze the oxidation of ascorbic acid but found that in
the presence of iron, copper exerts an increased catalytio
effact.,

Mack and Kertesz (63) also found that the catalytic
activity of copper is markedly increased by the addition
of small amounts of ion. They suggest that the iron
exerts a promoter action on the copper since it doss not
itself catalyze the oxidation of ascorbic acid,

The amount of iron in the different boilings is
not known but it seems reasonable to prsdict that dus
to irregularities in the surfacs of the tin coating of
the container some of the iron of the base plate may ba
exposed and probably play a pert in the oxidation of
vitamin C as suggested by the latter investigators.

Whether the excessive browning in the tia over
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that in glass is due to the oxidation of ascorbic acid
alone or whether the invert sugars also play a part is

not shown by these data., Other data to be presented later
show that the major portion of the browning in tin is
caused by high sugar concentrations with the ascorbic

acid playiﬂg only a minor part.

While the storage experiments of thé aynthetic
dellies were in progress it was noted that the brown
discoloration always shows up first at the top of the
container and gradually migrates to the bottom. To see
if there is any correlation between this color formation,
vitamin € losses and the per cent invert sugars of the
top and bottom parts of the same container; separate
analyses of these layers were made. The sides and middle
portions of the tin containers were used for separate
analysis.

Typical analytical results of the two separate
lagers for the sucrose jellies stored at 100° T for 6

months are given in Table V,
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TABLE V

Losses of Ascorbic Acid, Color Changes and
Per cent Invert Sugars in Different Parts of
Synthetic Jellies in the same Container

Ascorbic Acid Color Per cent
Loss Per cent Pex“qgnt_Transm. Invert Sugar
(Top 61.2 80.0 50.0
Glass( ‘ '
(Bottom 45,2 89.0 54.0
(Sides 83 .0 1}9 .'0 6002
Tin | |
(Middle 81.8 6.5 59.6

These data show the marked increase of color which
is paralleled with the heavy loss of vitamin C in the top
‘layer of tné glass and the side layers of the tin con-
tainers.

The color formation in the top layer of the gléss
container may be explained by the rapid developmsnt of
oxidation products of ascorbic acid since these layers
are directly exposed to the oxygen of the headspacse,
These oxidation products are definitely ﬁhe cause of
brovming as proved by experiments on the browning reaction
of which the data are to be presented later. It has besn
suggested by other invéstigators that thess substances
may ineclude furfuraldehyde. Haas and Stgdtman (32); for
example; point out that substances that may form

furfural are sugar, ascorbic acid, uronic acid, atc. and
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in experiments with apricot pulp they found that when
sugers are removed by fermentation with yeast the rate of
browning is also reduced to about half of the normal rate.
Very little furfural accumulated in this fermented'material.
during storage. This will show the important part played
by sugars in the browning reaction which also in some

cases may be a major source of furfural formetion.

In the tin container the darkening was the most
severe where the jelly was in contact with the sides of
the container. In the interior or center parts much less
browning occurred, This may explain the additional effect
exerted by the irom of the side walls of the tia container
which; as suggested by Mack and Kertesz (63) have a
promotive action on the primary catalyst copper, which is
known t0 be present, The copper then in turn catalyzes
the oxidation of ascorbic acid and starts a éeries of
reactions which all contribute to the excessively dark
complexes which are formed in the tin.

| The evidence from a series of papers (38), (33)
and (64) by the Food Technology Division of the University
of California is that the browning is not duse to a
simple process but it is the result of a séries of
unrelated reactions of various kinds each giving rise to
a dark pigment.
In the orénge marmalade boilings the degres of
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inversion for the different sugars and sugar-sirup mix-
tures that took place during the six months storege at
100° P show the same trends as the previously described
synthetic jellies, The iavert sirup boilings showed the
highest degree of inversion followed by dexbrose, sucrose
and lastly by corn sirup which showed the lowest per cent
of reducing sugars. (See Figure 9).

When the per ceat invert suger, color and the
per cent l-ascorbic acid loss (Table VI) of the orange
marmalads boilings are compared it is found that & high
per cent invert sugar also here 1s assgociated with a high
percentage loss of vitamin C.

As in the synthetic jellies it is also found thatb
the invert sirup samples developed the darkest color.
The color development of the rest of the marmalade
samples was not so distinctly correlated with the degree
of inversion and l-ascorbic acid losses as in the case
of the synthetic jellies. The L.C. corn sirup and H.C,
corn sirup mermalades with a lower per cent inversion
showed slightly more c¢olor development than the
sucrose and dextrose boilings‘whian had a higher per cent

inversion.
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FIG.9 The degree of inversion in orange marmalade prepared

from different sugars and sugar sirups stored in glass at IO0°F
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TABLE VI

Comparison between the Degree of Inversion, Color and Loss
of l-ascorbic Acid in Orange Marmalade as Related to Type
of Sugar at 100°F, '

bt

L.,C, Corn .Sir%g .

Inv.

28.0
38,0
Lk,0
kg0

28,0
37.2
hii.0
52.0

Invert: §ir’up _

H.C, Corn Sirup Sucrose
% % kB & BF

32.4 32,3 - 20,0

48.3 UB.7 50,0 L9.5

73.7 59.2 32,0 78,8
Tin Containers

- 16,0 7.0 -

32 oh 3007 -

27.7

k7.3 L7.8 51.0 k2,3

81.3 58.0 29,0 LB8.5

% %

7.0

34,0
26,0

7

oL
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These same trends are followed by the marmalade
in the tin containers and there is slight evidence that
the degree of inversion in the tin containers is a
littie higher than that of the marmalade in the glass
jars. With this higher per cent inversion in the tin,
.the higher losses of l-ascorbic acid and the develop-

ment of a darker color are closely associated.
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B. Effect of Copper Added

1, Losses of l~ascorbic and Total Ascorbic Acid.
The boilings made using the different sugars were run in
duplicate. To the first series the sugaers and other
ingredients were used withoub copper supplementation but
to the second seriés additional copper in the form of
copper sulfate was added so &s to bring the copper lsvel
in the final batch up to 2 p.p.a.

The copper analysis of the ingredients used was

&8 follows:

Ingredient Copper (p.p.m.)
Suerose | 1.25
Dextrose 0.63

H.C. Corn Sirup Lo5

L.C. Corn Sirup 1.8

0.1% Citric Acid Solution 0.0069
Citrus Peotin 25.8

The effects of the addition of copper to the
different boilings on the losses of l-ascorbic and total
asecorbic acid are presented in Tables VII and VIIIX,

respectively.



TABLE VII

Losses of l-ascorbic Acid due to the Addition of Copper to a
2 p.p.n, Level in Synthetic Jellies at 100°F, (1o¢ Vacuum)

Storage __ 1.C.Corn Sirup H.,C.Corn Sirup __ Suerese N Dextrose _ Invert Sirup

Time
Months _ Glags _ Tin _ Glass _ _Tin _Class _ Tim . _ Glass _ Tin _ _Glass _ _ _Tin
*»Cu +Lu «LCua +Cu a0y, +Cu oFu ~Cu : +Cu - o Lu

2 & & % % % % % % % % % % % 4 % % B 8
T - 8.? 10.8 18,8 12,2 llt,.2 13.3 16, 6 17.3 21.7 23.8 26,3 13.3 26,5 19.9 32,2 15,5 17.4 20.0 32.5
3 22.,3 31.15 25.7 36,0 35.4 3L.5 35.h 36.9 32.5 h6.7 11,1 5h.5 1.} 50.3 33.3 k5.7 37.7 k3.4 kB.S 6.9
6 - 60, 0 61 b 71 L 77.h 61,9 65.5 80,5 88.1 58.6 55.4 89.1 86,9 62.2 63.:., 81.1 88,7 61.1 65,2 90,1 95,6

€l



TABLE VIIT -

Losses of Total Ascorbic Acid due to the Addition of Copper to a
2 p.psm. Level in Synthetic Jellies at 100%F, (10" Vacuum)

Storage %.6.Corn Sirup H,C.Corn Sirup Sucrose ; Pextrose Invert Sirup
Months Glass Tin @lass Tin Glass Tin Glass Pin Glazgs Tin

alu “Cu &Cu»-c-'cn sCu Cu 4Cu aCu Wy &Cu
4 ¢ 4 % % & % % % % % % & % & & % % % %

1 = 3,3 B.615.7 9.5 7.9 9.k 111 13.6 15.7 20,4 248 12.8 22.1 249 26,5 9.9 1.8 16.6 30.9
3 7.7 26.7 15.7 31.0 25.0 23,8 26,8 25.8 26,9 37,5 31.8 k3.1 27.3 18.6 21.1 48,1 22,2 30,0 32,7 L7.3
6 197 51.k 56,0 56.6 Ms,0 68,3 51,2 75.1 k7.2 76.0 73.6 75.0 S1.1 53.6 73.5 76.3 57.7 60.3 73.4 90.8

L
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In both the glass and tin c¢ontainers the lossed
of total and l-ascorbic acid were markedly increased by
the addition of copper. It is alsc very evident from
these data that the retvention of vitamin C was much
better in the bollings where the two corn sirups were
used,

A comparison of the total ascorbic acid losses in
the corn girup and invert sirup jellies is graphically
illustrated in Figure 10.

Jellies in the glass con%aimers with and withoud
additional copper retained ascorbic aaidlmuch.hettér
than the jelliss in the tin, This 48 especially evident
in the case of the invert sirup jelly boilings (See
Figure 10),

Computations made from the data of the different
sugar bciliggs (copper not adjusted) in Tables VII and
VIII show that after a six months storage perlod at
100°_F; the average losses of l—aseofbio'aoid'ware 19.1
per cent-an@ for total ascorbic acid were 19.8 psr cent
higher in the tin than in the gl&ss'oéﬁtainer. When
the copper level waé adjusted to 2 p.p.m. these losses
increased to 25.1 per cent and 25., per cent for l-ascor-
bic and total ascorbic acid, respectively.

If copper were the only major factor rasppnsible

for the losses of ascorbic acid then according to ths
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amounts of copper present in these jellies, one would
predict that the order in which they should retain
vitamin C should be:

Invert sirup jelly (0,61 p.p.m. Cu)¥ >
Dextross (0.75 p.p.ms Cu) > Sucrose (0.92 p.p.n. Cu) >
L.C. Corn Sirup (1.22 p.p.m, Cu) > H,C, Corn Sirup
{1455 pepsms Cu).

From the analytical data in Tables VII and VIII
howevar the segquence in which the different jellies
retain vitamin C is not in the above mentioned order.
To the contrary the two corm sirups with the highest
copper content showed the best vitamin rebention.

The orange marmalade bollings were also made
in duplicate in the same menner as deseribed for the
synthetic jellies, Copper dsterminations were made of
the orange pulp before it was boiled iunto marmalade,
The first series were boiled with the ingredients as
found but to the second series copper was added ¢o
bring the level t0 2 p.p.da.

The analybtical data show that in the majority
of cases the addition of the minute amounts of ceppsr

was respongible for isocrcased lesses in both lwascorbie

*p,p.m. copper per final jelly batch.
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and total ascorbic acid, which is in agreement with the
findings of synthetic jellies.

Typical data to illustrate the influence of added
coppér on vitamin € losses in orange marmalads is
{llustrated by graphs in Figuve 1l.

The additional destructive effect exerted by the
plain tin container and also by the tin container plus
the copper on l-ascorbic acid losses is well illustrated
in these graphs.

Computations made from the analytical data show
averages of 7.1 per cent and 7.2 per cent higher losses
in the tin than in the glass container for l-ascorbic
and total ascorbiec aeiﬁ; respectively. When the copper
level was adjusted to 2 p.p.m. these losses also
increased to 14.7 per cent and 8.3 per cent for l-ascorbié

and total ascorbic acid, respectively.



FIG.IM The effect of copper on |-ascorbic acid and total ascorbic acid losses in

sucrose - dextrose
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2, Color Changes. ¥rom the data compiled in

Table IX it will be seen that in the case of all five
different sugar mixturse boilings the addition of copper
had a distinct effect in increasing the darkening of the
jelly as the storage progressed,

For comparison purposes the per ceant losses of
l~ascorbic acid is included in this table and again the
direct correlation between the loss of vitamin C and the
increase of the dark color is very evident.

The tin container plus the additioﬁal copper is
responsible for much more excesgive darkening and simui-
tansously high losses in ascorbic acid. In the glass
container the addition of copper incresased the formation
of the dark coleor to a much lesser degree.

The influence of the type of container and the
addition of copper upon the color of sucrose jellies is
graphed in a typical set of curves in Figure 12. The
browning of the other sugar jellies follows the same
general trend.

These color formetions due to the added copper
are also illustrated in Figurev13. A comparison of
container B (with added copper) with container A
stored at room temperature, with a 10% vacuum shows &
distinct brown discoloration especially noticeable at
the %ap of container B.
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Containers E and F, containing additional copper
and sealed with 10" and 25" vacuum, respecﬁivaly; develop~ '
ed & distinetly darker color at 100° F than containers
I and J under ¢he same conditions but with no additional
COPPEr.

The actual color deéveloped in containers I and E
is illustrated in color by the ¢ontainers 2 and 3 in
Figure 14,

Container 12 in Pigure 1L (Invert Sirup ¢ Copper)
in comparison with container 11, which contain no added
coppar; may serve as another example of the increase

in the dark c¢olor due to ¢oppser.
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TABLE IX

The Effect of Copper (Added to a 2 p.p.n. Level) on l-ascorbic
Acid losses and Color Changes in Synthetic Jellies at 100°F,

= Tpype ~ T.C.Corn "ﬁ.’i’;ﬁﬁn" ""‘S" R i 17
of Sirup ~ Sirup , uerose Dextrose Siru
Mo. Cont. ~ @ z % 4 T3 A 7‘3‘2“'7?

A.a. Trs, A.a, Trs. A.a. Trs. A.a, Trs, A.a., Trs,

loss loss loss loss loss

NO COPPER ADDED

o Glags =~ 96,0 =~ 96,0 =~ 96,0 96,0 < 96,0
Tin___ - 96,0 - 96,0 =~ 96,0 ~ 98,0 =~ _ 98,0

'
ced
o
<

!
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Fig. 13. Illustrations of Color Development in Synthetic Jellies 84
due to Added Copper and .the Amount of Oxygen in the
Headspace

, 7 . sai
R e il
“ o -
i -
- i el L -

|

A. Sucrose, R, Temp, (72°F) 10" vacuum (95.5%)*

B. Sucrose + Copper, R, Temp. (72°F) 10" vacuun (92,5%)
C. Sucrose + Copper, R, Temp, (720F) 25" vacuum (96%)
D, Sucrose, 32°F, 10" vacuum (9L%)

E. Sucrose + Copper, 100°F, 10" vacuum (79%)

F. Sucrose ¢ Copper, 100°F, 25" vacuum (82%)

G. Sucrose, Sunlight (51°F) 10" vacuum (98%)

H. Sucrose, Sunlight (51°F) 25" vacuum (96%)

I. Sucrose, 100, 10" vacuum (821;

J. Sucrose, 100°F, 25" vacuum (86%

* Per cent Transmission



Fig. 1. Color Photograph of Synthetic Jellies
After 6 Months Storage, showing browning
related to type of sugar, added Copper
and Storage Temperature.

TOP ROWs (left to right)
1, Dextrose Room Temperature (72°F,) (88%)

2. Suerose 100°F (82%)
3. Sucrose 100°F,, Copper added, (78.0%)
L. Sucrose in Sumlight (51°F) (968%)

5. Sucrese in Sunlight, Copper added (9L%)
6. Sucrose 125°F, (6 weeks) 50 mg.Asc.acid (51.5%)

BOTTOM ROW: (left to right)

7. Dextrose 100°1‘, copper added (73.0%)

8, Dextrose 100°F (76%)

9¢ L.C. Corn Shrup 100%F 86%

10, L.C. Corn Sirup 100 F, copper added (83.5%)
11, Invert Sirup 100°F (75%)

12, Invert Sirup 100°F, copper added (71.5%)

¥ Per cent Transmission,
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Yhere the increased darkening dus to the adding
of copper was very prominent in synthetic jellies it is
found that in the case of orangs marmalade the copper
definitely incrsased the rate of darkening but the
degree of intensity is not so marked. (See Table X).

In Figure 6, comparing containers . (room temp. +
copper), and 6, (sunlight « copper) with containers 3
(room temp. no copper added) and 5 (sunlight, no copper
added) a dlstinct discoloration cam bs seen; especially
at the top of the containers. This is also true for
the other orange marmalade samples containing additional
copper (Figure 6). |

There the l-ascorbic acid losses are compared with
the color changes {Table X) a corrslation is noticeable
although not go distinet as in the casge of the synthetic
jellies.

The conclusions that cen be drawn from these re-
sults are that the acesleration of the oxidation of
ascorbic acid by the 6atalytic effect of the added coppsr
is responsible for largs amounts of ascorbic ac¢id break-
down products to.be formed which again is tied up with

the dbrowning reaections.
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TABLE X

The Effect of Coppor (Added to a 2 p.p.m, Level) on l-ascorbic
Acid Losses and Color Changes in Orange Marmalade at 10D9F,

Stor= ~ 7 T L.6.00orn  B.O.Gorn T T T T T T T Invert
age Type Sirvp  Sirup Suerose  Dextrose Sirup
Time of 7 B % % S ’ 3 4 7

Yo, Cont. A.,a, Trs., A.a, Trs. A.a, Tra, A.a, Trs. A.a, Trs,
loss_ 08s loss doss  _ _ _ loss_

NO COPPER ADDED

0 Glaas - 71,0 - 71.0 - 7100 - 7100 - 7109
R A — =

L 0 52,0 22,7 61,5 26,9 -
Tiﬂ _ ﬁog - ﬁ.l@ - 20,5 & O ;

3 (Qlass k2,2 L2,0

6 Olass 68,9 28

.0
TR 77.3 21,0

COPPER ADDED

o Olass - 71,0 - 7O = 7.0 - TLO - 7.0
Wn o N o - =

1 Class 26,1
_Tin__ 29,3

11

Tn_ 818 26.0 79
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C. The Zffect of Storage Temperature and Sunlight

i. Losses of l-ascorbic Acid and Total Ascorbic
Acid. The influence of storage temperature on the losses
_of vitamin C was found to he a factor of great importance.
Ag pointed out in the literaturs review, this point was
also stressed by other investigators,

The ascorbic acid losses increased rapidly as the
storage temperature was increased. (See Table XI,)

The additional influence exerted on lwascorbic
acid losses by the tin container apd the copper is again
very evident and shows up with all the different storage
temperatures used for the synthetic jelliles.

The samples stored in sunlight was exposed to the
light by placing the glasses in a south window. However,
the intensity of the winter sunlight to which thess
samples were subjected over the storage period of six
months was not very great. |

Although the storage temperatures of the samples
in the sun were lower than thet of the room temperature
samples, it is found by computations from Figure 15;
where atorage temperatures are plotted against losses of
agcorbic acid, that these losses were 3.0 and 3.6 per cent
units higher than the expected vitamin C losses in the
containers stored in the sunlight after three and six



TABLE XI

The Effect of Storage Temperaturo and Added Copper
on l-ascorbic Acid Losses in Symthetic Jellies and

Orange Marmalade (Sucrose)

89

:
Storage ; Type g__QZQ?

Time
Months
3
. Glass
1 fin
3 Glass
Tin
6 Glass
Tin
Glags
1 i
3 (lass
| Tin
Glass
é Tin

Sun (519F): Room Temp. 729F:

7

K 2

2,8
1.7
2.9
L0

13.1
16,2

«0u

ccnt.g A.a. 3 A 8.3 E:-.. 8 A‘a. : A a.
’ loss: loss: loss: loss 3 loss

: 4 3

Synthetic Jellies

6.3 10,8 13.3

- 13?3

12,0 23,1 15,6
= = 156
25.7 315 32.7
- - 35.0
Oraqgg.Marmalade
97 6.7 6.5
- T 07

16,2 15,6 9.7

23,1 21,1 19.3

ind 1903

lOOQF_;___

: «Cu
tA.a.: R.a.
: loss: loss
17.3  21.7
23.8 28?3
32.5 467
hl,a 5k.5
58,6 62,0
89.1 87.0
20,0 26,7
27.7 2647
19.5 50,0
k2.3 6.7
78‘8. 77'8
8L.S 83.3
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months, respectively. In the orange marmalade samples

these losses wers a 1ittle higher, i.e., losses higher by

3, 8 and 10.5 per cent units than expeoted by the curve,
were obtained in the sunlight after l, 3 and 6 months, |
respectively., {(See Figurs 16.) The additional losses
must be attributed to the effect of the sumlight,

The relative influence of the different storage
temperatures on J;*-é:-aoorbi‘.e acid losses ars summarized
in Teble XII.
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TABLE XIT -

The Increased Losses of le-ascorbic Acid

as caused by bifferent Storage Temparatures,
in Synthetie Jellies (Sucrose) and Orange
Mormalade (Sucrose) Stored in Glass and

Tin Containers (After 6 Months).

-
*

: s : 3 .
Container s §.Jelly 0., Marm, ¢ §.Jelly ©0. Marm, SeJelly 0, Marm

-

Glass  19.6  11.7 25,9  $9.5 k5.5 T1.2
pin 18.3 10,6 5L 65.3 72,k 75.9

$ ! : i
: § Losses of . % Loesses of + B Losses of
s AscAcid greater; Asc.icid greater ; Asc.Acid greater
: at Room Temp, ;s at 100CF, than ; at 1000F, than
; than at 32°F, , at Room Temp, 1 at 32°p,
: ) H
$
$
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Losses of total ascorbic acld as influenced by
storage temperaturs follow the same trends as that of
l-ascorbic aoid; . The experimental data are presented
in Table XIXI. At 32°F. the total ascorbic acid losses
in synthetic jellies were found to be very small and the
ratention was practically 100 per cent over the study
period of $ix months. |

For the orange marmalade boilings the losses of
total ascorbic acid at 32°F. is slightly more than for
synthetic jellies. (See Table XIV.)

2. GColor Changes, Sucrose jelly bollings stored
at different temperatures show a distinet increase in ths
brown color development a8 the temperature increases and
as the storage time progrésses. (See Table XIV.)

At 3297, hardly any color changes took place in
both tin and glass containers. At roem Ltemperature a
glight but distinet discoloration was observed, especial-
1y in the upper layers of the jellies,

| The color of the jellies stored in the sunlight
also showed very little changes and in some cases there
was slight evidence of a bleaching effect.
| Color changes at 100%F. as wéll as the influence
of the tin container and the additional copper have been

discussed previously.
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TABLE XIIX

The Effec*b of Storagse Tomperature and Added Copper
on Total Ascorbic Acid Losses in Synthetic Jellies
and Orange larmalade (Sucrose).

Storage z Type 32°F + Sun (§1°I") s _Room Tefg 72°F: 100°F
 pdme  : of ¢ K T e0n 1 " "1 #0u
MOn‘bhs 3 comto P Aoao H Aoao $ ro 3 A8, ¢ no 3 A.a. 3 ﬁ. 199

: 3 loss : loss: loss: loss : loss : loss & lose
—-w-—::i-‘.—cid%mu:.gﬂzu--%—i-oféwi-%ummi.-%»-n:ng”

- Synthetic Jellies - , ,
1 Olass 2,6 - 206 1.2 61 136 15.7

- 3168 1&301

Tin 4 . - - 1707 - 7306 71409

. Grange Narmadado

Tin 1.h ~ - 1oo - 21.3 19.9
3 Class 0.9 12,8 15.6 8.5 20,6 .66 1.8

Tin 198 - - ‘ hooé 11\307

o Class 8.0 18I 2L 15 2.8 6h6 L
Tin 805 hd .- 150)4 - 7006 6806

# Losses insignificant.



The Effect of Storage Temperature and Added Copper
on Color Changes in Synthetic Jellies and Orange

Marmalade (Sucrose)

96

Storage , ?ype , 32% . Sun (51‘:%‘) _: Room Ten
1’

Time  , Of

‘ ' :
manths Gont.g s, ; Trs. Trs. _Trs. gﬁ"é'.

Synthetic J emes

o  Olass 96,0 96,0 96,0 96,0
Tin 9600 - v - 9600

1 Glass 95.0 9hsS5 97.0 95.5

3 olass 9h.0 96,0 94,0 95,0
Tin 9640 - - . 93.0

Tin . 94O - - 2.0

Orange larmalade

o - Olass 710 7.0 71,0 7.0
“Mn 710 - - 71,0

1 gﬁss - - 67,0 -

3 Glass 69,5 72,5 75.5 6440

¢  Olass 71.0 72.0 71.0 65.0
Tin 7000 - - 6’400

11 :

96.0

96,0

96,0

92,5
71.0
71.0
65.5
66,0

62.0

-
.

Mu

gTZ‘B. .Trs.
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The color intensity at the different storags
temperatures is illustrated in Figure 13. Container G
stored in the sun 1s entirely clear, whersas contaiuners
A and D storsd at room temperature and 32°0F., respective~
ly, are slightly darker but not readily distinguishable
from each other. Container I at 100°F, shows the dark dis-
coloration veiy c¢learly and the gradation of the color
from the top to the bottom is also noticeable.

The orange marmelode siored at the different
temperatures follow the same trends as thaﬂ described
for the synthetic‘jelliss. Here again was slight evi-
dence of a bleaching effect of sunlight. Compare con-
tainers 3 and 5 in Figure 6 for illustrationé of this.

The dark color which develops at 100°F. is
illustrated by container 7 in Figure 7.

3« Pexr cent Inversion. For both orange marmalade

and synthetic jellies the per cent invert sugar increases
rapidly at the higher storage temperature (100°F.) 4t
32°F, practically no additional inversion took place,
whereag at room temperature and at the tesperature in the
south window the percentages increase very gradually and
more or less at the same rats.

Thege temperature influences on the rate of in-

version are graphically illustrated im Figure 17.
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FIG. 17 The effect of storage temperature on the degree of

inversion in synthetic jellies and orange marmalade.
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At 100°P, more than 50 per cent of the sucrose was in the
invertsd form after six months storage. There is slight
evidence as is shown from the data in Table XV that the
per cent imvert sugars formed was greater @hen copper was
added. In several cases for orange marmalade it was also
found that the per cent invert sugar was always a few
per cent higher in boilings where oopper was added. A
possible explanation for this is that the copper catalyz-
@8 the oxidation of ascorbic acid to dshydro=-ascorbic
acid and from there %o such compounds as threonic and
oxalic acids. Borsook, et. al. (8) pointed out that
acids originating as oxidation products of ascorbiec
acid are strongesr acids than agcorbic acid itself and
would thus cause greater inversion in a given time.

When the lw-ascorbic acid losses of the synthetic
jellies are compared with the losses in orange marmalade,
it is found that at 100°F, the losses in orange mexmé-
lade were always higher than in the jellies. (See
Table XI.) At roam-tampérature; however, just the
opposite was found, At 32°F. and in sunlight (51°7.)
higher losses were recorded in the synthetic jellies
only after a gix months storage.

The higher per cent reducing sugars in the orange
marmalede at 100°F. may possibly be tied up with the

higher lesses of l-aseorbic acid. To the contrary it is
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The Effect of Storage Temperature on the Per cent
Inversion in Synthetic Jellies (Sucrose) and
Orange Marmalade (Sucrose) in Glass Containers,

Storage ; 32%. i Sun (5197,) : Room Temp, 72°F. :  100%F,
Time  ; T ¢ t #Cu ¢ : au : T aCu
Months , ¢ : % 2 % % 4 s B

H InVQ~, L _‘;‘nvo $ Invo K Inlo 3 Invo . -_‘:“Inv.” $ Inv.

Synthetic Jellies

0 7.8 9.8 7.8 68 - 6.8 7.6
1 7.3  30.2 155 9.2 - 22,2 23.3
3 7.5 12,7 17.2 WU.5 0 - 374 k0.0
6 7.6 137 .2 15k - 55,0 58,0
| Orangs larmalade _ |
0 18,0  18.0 - 17.2 17.2 16,0 17,2
1 wA WS - 173 18,2 322 32,8
3 17.6 20,7 = 20,6 20,6 L8.7 50,0
6 18,7 28,6 23.8  2L.6 59.2 60,0
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found that abt the lower temperature (72°F.) the per cent
reducing sugers in the orange marmalade is higher than
that of the synthetic jellies and still the loss of |
ascorbic acid in the marmalade is less than that in the
jellies.,

D Effect of Amount of Oxyeen in the Headgpace

1. Losses of l-agcorbic and Total Ascorbic Aeid.

In all cases where the influence of vacuum wers studied,
it was found that in both the glass and the tin contain-
ers stored at room tempserature and at 100°F., the losses
of l-agcorbic acid and of total ascorbic acid at 10"
vacuum always excesds the losses at 25" vacuum.

The data in Table TVI, typical of the findings in
the synthetic jelly and orange mermalade experiments,
will serve %o illustrate these statements.

Although the amount of headspace in both types of
containers were approximately the same (22 ml. headspace
in glass and 22,5 ml. for tin) the higher losses of
ascorbiec acid in the tin is still very evident.



TABLE XVI

102

Phe Effect of Vacuum on Losses of Ascorbic Acid and

the Color Changes in Synthetic Jellies and Orange
Marmalade (Sucrose) at 100%F,

,Storages "“Eias

Tﬁm@ é.iﬁﬁ s ~?ﬁ iﬁﬁ
Hontho_: Vac, :

3 h6.5
6 62,0
N -
3 -
1157
3 37.5
é -
1 -
3 -
6 -
0 96,0
1 94,0
3 89,0
6 78.0

Losses of l-ascorbic Acid

In Symthetic Jellies

20.9
34,8

26,3 14,1
5.5 39,2
86,9 86,6

17.3

32,5

I7e3
2le9

- 23.8

11,1

586 52.1  89.1

in Orange Marmalade

20.0

16,6

27.7

20,0

73.6

Losses of Potal Asgcorbie Acid:
In Synthetic Jeilies . -
709 2,“. Oh 13 6 16.2
b6l  7h.9 718  47.2 40,0
In Orango -Maxmalade
- - - 18.1 13,5 21.3
- - - lté 6 3305
- * - - 6&.6 58.11
Color Changes -
in Synthetic Jellies
96,0 96,0 96,0 96,0 96,0
95.0 95,0 '94.0 95.5 9,5
91.0 B87.0 91,0 89.5 90,0
8500 h0.5 hBOs 82.0 88.0

40,6
70.6

96.0
95,0
Lh.5

2 PePeis quper , Nq Gopper Added
Tin t G ) “Pin
T aon 1 100 :tﬁgﬁ T 100 3 2?5

Vac. :Vac. t_Vac, 3 Vac. zV&c.a Vac.a V o

— =y

12,9
26,0
86.0

22,2
3h.5
80,0
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The difference in ascorbic acid losses betwsan
samples at 10" vacuum and those at 25" vacuum were
greater for orange mermalade in the glass than for
synthetic jellies in the same containers. In the tin
container just the opposite is found and the losses
wore higher for synthetic jellies than they were for
narmalads .

2. Color Changes. The formation of the dark pig-

ments in jelly starting at the surface of the container
and gradually penetrating btewards the bobttom seems to be
directly correlated with the vacuum in the container
(amount of oxygen present) see Table XVI.

The color development ag caused by the difference
in vacuum in the orange warmalade samples is only very
slight and not so conclusive as in the case of the
synthetic jellies. Less analytical data are available
for orange mermalade to give conclusive evidence as to
the effect of vacuums on color development.

In the casgse of the jellies.it is very clear thet
the higher the vacuum the less intense is the formation
of the bro@n eolor. (Compare containers I and J and
containsers B and F in Fiéure 13.) These f{indings are
in agreement with those of Moore, et. al. (73). They
state that if the volume of air in bottled orange juice
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increases,; the rate of browning also increases.

At both vacuums studied, the tin container again
showad a marked influence on the development of color.
During the f£irst three months of storage at 100°F. there
was not muoch difference between the diseoloration im the
glass and in the tin, but between the third and the sixth
month the browning in the tin containers was excegsively
heavy. To illustrate this, the color changes expressed
as per cent transmission for synthetic jellies is
graphically presented in Figure 18.

After observing the distinet darkening formed at
the top of the containers (part in contact with the
oxygen of the headspaee); analysis of the top and
bottom parts of the samples were made separately. Data
in Tables AVII and XVIIT.
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FIG.18 The influence of the amount of vacuum in glass and

tin containers on the color changes in sucrose jellies

at 100°F
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TABLE XVII

Ascorbic Aeid Losses, Color Changes and Per cent Irwersion
in Dif ferent Parts of Symthetic Jellies in Glass and Tin
Containers Stored at Different Temperatures (10" Vacuum).

- B R L
o , -t o s e -

Sample : Part of ° A.. Prs. Inv, 33 Part of % & Z
Description Container loss +: Containcr A.a, Tre. Inv,
._..._..._..........a.,...._.,_.....-......_...._..__.........--3.3.--_-.__.3‘25%.‘._.-...._-.._
Control - Sucross_ . Top - 88.0 50.1 .,Sides - 75,0  Sh.o0
Uith no &.a, (100%) Bottom - 90,0 18,6 .. Isadle - 81,0 536

' : 1t : : o
Sucrose « 50 mg A.a. Top 6x.2 - 80,0 55,0 ., 8ides - B3.6 L49.0 60,2
per 100 gn (1009 Botton 5,2 89,0 5Sh,0 ..mMiddde = B81.8 6.5 59.6
. 1 84 T ’ >
Sucrose + 50 mg 4.2, Top 29,0 930 e 1
per 100 g.(Room Temp.) Bottom 3.1 96,0 - :=
Sucrose ¢ 50 mg A.a, Top . 26,5 98.0 -
per 100 g.(Sunlight) Bottom 945 98,0 - 3
_ -
Sucrose ¢ 50 mg A.a. Top 9.5 95.0 - 3
per 100 g. {3207} - Bottom 0.y 96,0 - 33
L.C.Corn Sirup & S(Img Top 60,0 84.0 L5.0 !
A.a. per 100z (100°F) Bottom 38,0 92,5 kL6 ::

90T
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TABLE XVIIXI

Ascorbic Acid Losses and Color Changes
in Pifferent Parts of Orange Marmalade
Samples Stored in (lass Containers at
bifferent Temperatures (10" Vacuwn).

*-w**‘-"f—""_*}’m'é'f _nﬂ_gc:._ '_-G'o'la?”“‘
Sample Deseription Container Acid loss % ¥ Transmission
Sucrcse Marmalade at 100°F. Top - - 59.2 38,0
_ . Botton . 42,6 _ . 7.0
Sucrose larmalade at _ )
Sueroge Ma.i'malade. in . B
Sunlient (51%.) Top 21.8 70,5
Sucrose Marmalade at 32°F, Top 10;6 ’ 685
R Botten 6.9 72,0

Invert Sirup Marmalade -
at 100°F, Top - 80,5 22,0
. : _Bottom 601 27,0
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These color developments also took place in the
top parts of the samples stored ad room temperature and
at 32°F. but the intensity is muoh less,

In Tables XVII and XVIII the ascorbic acid losses
in the different parts of the container aré also given
and a direct correlation betwsen the color changes and
dgcorbic acid losses may bs seen. An average of about
20 per cent wnits higher losses of ascorbic aeid were
found in the top half of the glags containsrs stored at
100°F.

Although the glass containers in the sun show a
distinct loss of ascorbi¢ acid in the top half (Tables
AVII and XVIII), the peér cent transmission is still
higher than that of the same sample storsed at room
temperature. Thus is demonstrated the bleaching effect
of the sunlight.

Analysis of synthetic jellies im the tin con-
tainers show an intense dark color development at the
sides of the container where the jelly is in contact
- with the tin. This color development gradually
migrates towards the center where the discoloration was
much less,

| Several investigators report the production
of CO, as a result of ascorbic acid byreakdown:
Curl, et. al, (17), Hall (34) and Stadtmsn (102).
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The evidence of CO, develepment in these synthetic
jellies as could be detected by a decrease in vacuun
measured by an ordinary vacuum gauge; were very slight,
Even after six months storage whers the ascorbié acid
lost was over ninety per cent in some casas; oniy sligﬁt
decreases in the vacuum could be detected.

In two cases where jellies containing 50 mg.
agscorbic acid per 100 grams were stored at lBOQF., |
gas bubbleés could be seen entrapped in the jelly after
8ix weeks storage. However some of the other con-

tainers stored under the same oonditionsvdid not show
| this phenomena,

The vacuum of the orange mermalade samples at
1000F, as measured by the vacuum gaugé show a little more
evidence of decreasing than could be observed with the
synthetic jellies. This is also associated with the
l-ascorbic ac¢id losses which were in general; as pointed
out previously, higher for orange marmalade, especially
when stored in the glass containers.

From the above observations the impertance of
oxygen on both color formation and vitamin C losses is
very evident. To this the effect of the tin container
must bs added.

The evidence that the per cent inversion (Table

XVII) sugars had an influence on the color formation
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and vitamin C losses is, due to insufficient analytical
data and the very small percentage differsnces obtained

2

in cases where it was analyzed, not conclusive.

E. The Influonce of Added Ascorbic Acid on Color Changes

and Fer cent Inversion of Sucrose Jellies and Orange

Marpalade

Color development in the control samples of sucrose
jellies (100°F, storage) where no ascorbic acid was added
show very little darkening in the glass conbainers but a
definite discoloration gets in after three months storage
in the tin containers, |

When l-ascorbic acid, 50 mg ./100 grams jelly; was
added, a very distincet additional discoloration was
noticeable in both types of eontainera; but more so in
the tin containers. Figurs 19 presents these data
graphically.

The color data indicate that a certain amount of
browning does take place in the ordinary sugar boilings
when no ascorbic acid is present but when ascorbic acid
is added the browning reaction 1s accelerated and
additional brown color is formed.

By comparing container B (control no asgorbic
acid) with ocontainer C (50mg. ascorbic acid) in
Figure 20, the amount of additional browning due to the



90

80

% -Trasmission

60,

~
o

FIG.19 The effect of ascorbic acid on color changes

in sucrose jellies stored in glass and tin |OO°F
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Fig, 20, Illustrations of Color Development in Sucrose Jellies
as Influenced by the Addition,of Ascorbic Acid
(10" vacuum)

A. Sucrose, no ascorbic acid, Sunlight (51°F)
B, Sucrose, no ascorbic acid, 100°F

C. Sucrose, + 50mg., ascorbic acid per 100g., 100°F
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ascorbic acid added is clearly seen. Gontainer A stored
in the sun is c¢lear and does not show any discoloration.
‘ Disoalbra%ion in the control samples (no ascorbic

acid) stored in glass was much legs than in the tin
containers, If the per cent re&ueigg sugars of thege
same samples is compared it is found (Table XVII) thet
the tinm combainers had 5.5 per cent units (average of
top and bottom analysis) more réducing sugars than the
glags. | ,

Referring to the further data in Table XVII, it
will be éeen that the samples to which the asgorbic
acid was added showed 5.2 per ceat units higher reduc-
ing sugars for samples in glass and 6.1 per cent units
higher reducing sugars for semples ip tin, than the
control samples which contain no vitamin C.

The more intense discoloration of ﬁamylgs con-
taining the ascorbic acid may also be due %o the
higher per cent invert sugars whieh they contain (as
previously‘explained) plus the degradation products
of ascorbic acid ﬁhich very likely may also be tled up
in these color complexes. ‘ |

The theoriey of Moore, eét. al. (72) and Moore,
at. al. (73) are that the oxidation products of ascorbic

 @eid are involved in the browning reaction.
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Control samples to which no l-~ascorbic acid was
added were also included in the orange marmalade experi-
ments. .

Analysis made dirsctly after the ﬁarmalades were
boiled show them to contain 8 mg. natural l-ascorbic
acid per 100 grams of marmalade. Tﬁe initial énalysis of
the samples'to which synthetic'ascorbic acid was added
show it to contain ca. 51 mg. ﬁer 100 grams.

| Li§ooln and MeCay (59) report the ascorbic acid
content of commercial orange marmalade to bs between
i, and 10 mg. per 100 grams.

As in the case of synthetic jelliss it is also
very evident from the analyiical data of orange marma-
lade (Figure 21) that the added ascorbioc acid increased
darkening to a marked dagrae. From the curves in
Figure 21 the influence of the tin container in acceler-
ating the formation of the brown c¢olor and the blsaching
effect exerted by the sunlight is c¢learly illustrated.

Color photos of the control marmalade boilings
(containing no synthetic ascorbic acid) are shown in
Figure 22. The influence of the higher storage
temperature in acceleratiﬁg the brown color development,
{container 3) and the bleached appearance of containef 1

stored in the sunlight, as compared to container 2 at
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room temperature, is shown very clearliy.
Reducing sugar determinations made on the orange
marmalade were not enough to correlate the data with

the color changes of the sgme samples.
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FIG.2l The effect of added ascorbic acid on the color

changes in orange marmalade
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Fig. 22, Color Developments in Orange
Marmalade due to Storage
Temperatures and Sunlight.

Left to Right
l. Sucrose - no ascorbic acid added ~ in Sunlight (51°F)

2., Sucrose - no ascorbic scid added -~ Room Temp,., (72°F)
3. BSucrose - no ascorbic acid added ~ 100°F
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F. The Effect of Antioxidants on Ascorbic Acid Oxidation

1, The Influence of Sodium Chloride, Several in-
vestigators like Mapson {56), Mystovski (76), Armentano
(2) and Vonesch and Remezzano (112) found that the
presence of sodium chloride reduces the catalytie action
of the copper ion in the oxidation of vitamin C. The
greater the concentration of copper present the greater
was the concentration of halide found negessary to obtain
the same proteoction.

As a result of these findings, 2 per cent sodium
chloride was added to a series of sucrose jellies to
investigate its influence on the vitamin C retention.

The experimental data for synthetic jellies is
presented in Table XIX. The results for jellies in the
glass containers show a definite better retention of the
vitamin where the sodium chloride was added. 4 still
better retention was obtained in the samples where the
copper concentrations were low (where no copper was
added). This is in agreement with the findings of
Arpentano (2) and Mapson (56). These retentions were not
found for the synthetic jellies in the tin containers.

To the contrary, there is some evidence that the addi-
tion of NaCl in the tin containers accelerates l-ascorbic

acid losses rather than reduces them. This may indicate
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TABLE XIX

THE EFFECT OF SODIUM CHLORIDE (2%) ON ASCORBIG AGIb LOSSES,
COLOR CHANGES AND PER CENT INVEROSION‘ OF SUCROSE JELLIES
AT 1O00%F

No Copper Added Copper Added to 2 PsD.o.

' Gléss Tin

Storage Glass Tin
Time Plus - . Plus Plus . . Plus

l-Ascorbie_:_ Acid Losa_ - Pgr cex;t )

A W s e
f

1
3
6

Color = Per cent _Tranamission

2.7 191 28.3 19.2
6.8 26,6 55 17.8
55,4 51,1 86,9 92.5

7.3 133 238 22,2
325 2.3 WA 5.
8.7  h9.7 89.1 92,2

]

1
3
6

Invert Sugars - Per cent

%.0 96,0 96.0 96.0
SU.0 95.0 95.0 96.0
89.0 95.0 B7.0 86,0
75.5 8O L5 30.0

9%6.0 960 9.0 96,0
9.5 940 95.0 92,0
89.5 92,0 86.0 80.0
82,0 82,0 'hl-l.S 27.5

0

1
3
6

6.8 28,0 7.6 28,0

22,2 510 25.8 5h.0 - - -
37.4 'sé.s 45,0 61,0 - - - -
55,0 64,2 58,0 6h.2 - - ..

BE P8 S R WO BF B CE S0 90 OF B8 UE B4 SR €7 S0 S5 OB 0P G4 G0 o WP wo W AN e A OF G & €0 34 en O
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that the influence of tﬁe tin containers in accelesrating
the oxidation losses is greéater than the proteotive action
which may be exerted by the 2 per cent NacCl.

Comparing the color changes and ascorbic acid
losses of the jellies in the glass containers {Table XIX),
the direot correlation between the vitamin C losses and
color formation is again very evident. The higher the
losses of ascorbic acid the more intense is the discolora-
tion. , |

In the tin containers the added sodium chloride
was responsible for intenss discoloration whioh;as
already said previously; is paralleled with much higher
l-ascorbic acid losses.

From the results of l-ascorbic acid losses and
eolor changes in the orange marmalade semples as present-
ed in Table XX, the antioxidative effect of NaCl is not
clear and as positive as it was for the synthetic jelly
in the glass comtainers, Orange marmelads being a more
conmplex system may intreduce more complex reactions whién
might interfere with the antioxidative action of sodium
chloride as experienced in the synthetic jellies which,
comparatively speaking, is & more simple system. '

At the 100°F storage %exéxperature the sodium
chloride added to sucrose jellies in the glass

containers was responsible for s 8.2 and 9,0 per cent
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TABIEJ(X

THE EFFECT OF SODIUM CHLORIDE (2%) ON ASCORBIC ACID LOSSES,
COLOR CHANGES AND PER CENT INVERSION IN SUCROSE MARMALADE

AT 100°F
‘No_Copper Added : Gower_&dde@ to 2 p.p.m.
. g . :
Storage Glass Tin ¢ Glass Tin
Time Plus Plus Plus Plus
MMWS-_d_@@L-~_-Eﬁhi;a--_&@¢_--_$@
v : - - - :

l-Ascorbic Acid I.oss - Per cen’c (N
1 200 251 277 2h0
30195 0.0 L2 Skl
6 788 685 BL5 665

26,7 222 267 22.2
50 0 51.2 k6.7 5.2
77.\8 68.9 83.3 75.3

Gplor - Pez_' cant_'l‘ransmission

0 7.0 7.0 7LO 7.0 : 7.0 710 710 71.0
1 - S0 - 568t - 55 - 5.0
3 50,0 - 39.0 51.0 370 470 0.0 5.0 1.0
6  29.0 28,0 29.0 32,0 31.0 26.0 28,0 25.5

o A 4% Wb S8 S5 As 6 e 99 S5 &9

Invert Sugars - Per cent

0 160 267 16,0 26,7
1 32,0 5.0 307 8.k
3 187 602 W78 59.)
6 9.2 63.0 S8.0 63.0 :

S0 S0 0% 2 2P VO ws P S He S0 56 ea >



122

units better retention of ascorbic acid efter 3 and 6
months storags, respectively. (Table XIX). In the sun-
1ight (519F), however, just the reverse was found.. The
semples to which sodium chloride was added lost in the
sun 12,5 and 21 per coent units more vitamin C after 3

and 6 months storage, respectively. (Table XXI), There~
fore it seems that sodium chloride under the influemce of
sunlight, is much more destructive to wvitamin C than

sunlight alone.
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TABLE XXI
THE EFFECT OF SODIUM CHLORIDE (2%) ON ASGORBIC AGID LOSSES,

COLOR CHANGES AND PER CENT INVERSION OF SUGROSE JELLIES
I GLASS CONTAINERS STORED IN SUNLIGHT (51°F) .

Storage l-aseorbic a,loss % Color % Tran&nission %, Inversion

Time plus ¢ plus 3 plus
Months _ _ ____ _Nagl :____ _.NaCl_:__ _ NaGl
0 : 96,0 5.0 :9.8 28,0
1 6»._-5 17,8 1 95 %O 202 36.9
3 12,0 245 : 96,0 95,0 12,8 3.8
6 25,7 k6.7 ‘ 98.0 3.5 3.7 inub

. > e e -
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The color of the Jelly samples containing the
sodium chloride in the sunlight turn slightly darker and
is therefore correlated with the heavy vitamin C losses.
However, when the color figures of the two eontéinefs;
one at 100°F (Table XIX) and one in the sunlight (Table
AXT) showing about the same ascorbic acid losses; are
compared, it is found that the intensity of the color
developed in the sun is much less than at 100°F, This
may also serve as a proof of the bleaching effact of the
sun on this particular color complex.

The percentage invert sugars of the synthetic
jelly boilings to which NaCl was added was about 20
per cent units higher at zero time the next day after
preparation. During the storage in the sun the per cent
reducing sugars in samples containing the NaCl increased
with 9.8 and 19.4 per cent units after 3 and 6 months;
respectively. In comparison with this; only 3 and 4
per cent units moré invert sugars were formed in the
control samples where no sodium chloride was added.

The higher degree of invert sugar formation may
also here, as explained previously; be a factor |
responsible for the higher losses of ascorbic acid and
the increase in the color development. '_

At 100°F, however, the better retention of
ascorbic acid in the glass containers with the added
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sodium chloride takes place in spite of higher redueing
sugars content. The reduction of the catalytic effect

of copper by sodium chloride as suggested by Vapson (56)
and others may serve as an explanation for the function

of sodium chloride under these conditions.

2. d~Iso Ascorbic Acid, d-Iso ascorbic acid

differs from l-ascorbic acid only in the arrangement of
the -~oH group on the asymmetric 5th carbon of the ascorbic
acid molecule. d~Iso asséorbic acid as applied to food
products is used mostly for its "antioxidation" properties
and not for its antiscorbutic value. The antiscorbubic
value of d~iso ascorbic acid is, according to Yourga,

et. al. (122), only 1/20th that of l-ascorbic acid.

The so-~called "antioxidation™ propeérties of d-iso
ascorbic acid are explained to be dus to the fact that
d~iso ascorbic acid is preferentially oxidized and thus
will leave the l-ascorbie acid in the reduced forn.

In this investigation d-iso ascorbic acid was
applied to sucrose jellies in four different levels of
10; 20, 30 and 50 mg. per 100 grams of jelly. The
l-ascorbic acid was kept constant at 50 mg.'per 100 grams.
The differént boilings were filled in glass containers
only; sealed with 10" of vacuum and stored at 100°F and
in the sunlight (51°F).
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From the euxperimentnl data in Table XXIT 16 will
be seen that 10 mp. d-iso ascorbic acid ggr'IOO Se aﬂde&
to jellies containing 50 mg. leascorbic acid/100 g. 4id
not prevent the oxifation of the vitemin in the samples
at 1009F for even onc months At the latter temperatuve
20 mg. d-i80 ascorbit ascid however prevented vitamin ¢
lossas for one monbth, whersas 30 and 50 ng. protect it
for at icast three months, :

In the ﬁunli@h@ {51°7), 10 me. d~ise ascorbis acid
prevented ascorbie¢ agid ouidation for thres months,
whereas 20 mgz, and the larger anounts tried @h@waé an
antioxidative offaect even after six months storage, o
that all the original coptent of vitemin C pomained in
ghe Jelly.

Therefore at ordinery room storagoc Legperatures
& quantity of 20 %o 30 ng. d»iso assorbic acid per 100 g.
of jelly seems an advisable ampunt to use as an anti-
oxident for ascorbie aeid 4f the produeh ip put up in
glags coptalnsrs,

¥rom the figures indlcating color changes

(Pable ZXTL) i% would appear that all the samples darkoned

at nearly the seums rote. No apprecisble differeness wore
notleeable botwasn the d-iso asvorbie acid containing
samples end the controls. The same Is Srue for the

sunlizht stered samples,.
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‘THE EFFECT OF d-Iso ASCORBIC ACID ON 1-ASCORBIC ACID LOSSES
AND COLOR CHANGES OF SUCROSE JELLIES IN GLASS CO}\!T!}INERS

d-Iso
Ascorbic
Acid (mg) O 10 20 30 50

it Sup sy

¢

an e

0

10

e e g o

2030 %0

Losses of l=asc.acid mg./100 gr.

at 100°F.
Months : ¢
0 0.9 = 0.0 0.0 0.0 ;9
1 6.6 8.7 0.0 0.0 0.0 ;92
3 163 200 6.0 0.0 0.0 188
6 28,3 28.0 21.2 '26.0 23,4 283
H

A
o
s
8

Losses of l-hsc.aeid mg./100 gr..

in Sunlight (51°F.)

0.9 0.0 0.0 0.0 0.0
2,0 - 0.0 0.0 0.0

e

0

1 :

3 6,0 0.0 0.0 0.0 0.0
6 12,9 8.0 0.0 0.0 0.0

# Zero time equals 2)y hours,

.
b
\

: 96

s  Color Changes =
. # Transmission at 100°F.

96
95
90

- 83

96

92

88
86
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G. The Develqpment of“Reductones and Reductie Acids

The Robinson and Stotz (90) formaldehyde method for
differentiating betwesn vitamin C and reductones was
carried out on all synthetic jelly and orange marmalade
gamples,

The amounts of interfering substances that could
be detected by this meﬁhod in synthetic jellies was never
higher than 2 mg. per 100 grams of jelly. This figure,
being rather constant for all the analyses of the samples
stored at the different temperatures; leads to the con-
clusion that this amount mey be an experimental exrror
rather than indicating actual reductonss formed,

The analysdis of the control sampleés to which no
.vitamin C was added did notb differ from the other samples
containing 50 mg. ascorbic acid per 100 grams. None of
the treatments and storage temperatures {(not even 135°F)
used showed any significant development of reductonss.

No appreciable amounts of rsductones could be
detected in orange marmalaede either. No evidence to
support the statement of Miller (69) that the éxtent
of reductone development 1is inversely proportional,
roughly to the amount of vitamin C initially present
could be found.

In dirferent samples of orange marmslades con~



129

‘taining initially 50 mg. and 8 mg. ascorbic acid per 100
grams the same insignificant quantity of reductones was
shown.

The highest amount of reductones that were detect-
ed was found to be present in the orange marmalade sample
boiled with invert sirup to which copper was added.

After 6 months storage at 100°F, 5.7 mg. per 100 g. of
an interfering substance was found present in both glass
and@ tin containers. This amount appeared to be wholly
reductones since the control sample containing no
formaldehyde and the formaldehyde treated sample showed
the same analysis. |

As in the case of synthetic jellies the amount
of interfering substances very se&&om-exceedé'z mg, per
100 grams. Again here this was a general figure for
most samples anaiyaed so that hardly any significance
can be atbtached to it.
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H, Formation of Dehydro Ascorbic Acid

Direct dehydro ascorbic acid determinations were
made in all the different synthetic jelly and orange
marmalade samples using the dinitrophenylhydrazine method.

Typical analytical data are presented in Table
AXIIT.

The actual amounts of dehydroascorbic acid present
in both the jellies and the marmelade were found to be
very small and only slight changes occur during the entire
storage period of 6 months., A slight increass in dehydro-
aseorbic acid in some cases may; as the storags time
progresses; be observed but the amounts were so small that
hardly any significance can be attached to these fTigures.

Hamburger and Joslyn (35) werking with orange
julce and Lincoln and MeCay {59) in experiments with
mermalades also find dehydro-ascorbic acid values to
remain rather constant,

There is some doubt as to the specificity of this
phenylhydrazine method for dehydraéascorbic acid
determinations since diketogulonie acid or othér
reductones are probably included, _Hawk; Oser and
Summerson (37) state that diketogulonic acid biologically
inactive oxidation product of vitamin C reacts like the
vitamin with phenylhidrazine. Joslyn (50) also points
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(out that as yet no satisfactory method for dehydro-ascorbic
acid as it occurs in food products is available.
Dehydro-ascorbic acid in these jellies and marma-
lades is present in very small amounts and for this reason
the original samples could not be diluted very muoch.
The result was that the samples used for analysis contain
high percentages of sugars which probably interfere with
the reaction of the phenylhjdrazine reagent and dehydro-

as¢éorbic acid.
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TABLE XXIII A
DEHYDRO~-ASCORBIC ACID CONTENT OF SINTHETIC JELLIES AND

ORANGE MARMALADE IN GIASS AND TIN CONTAINERS STORED AT
DIFFERENT TEMPERATURES ~ (mg, per 100 grams,)

§ynthe’sic Jellies

3 _ - Sucrose _ + Invert Sirup
s : Sun  : Room : 8 '

: £ : Temp, H _

L 32% _+ (51°%) §_(12%9) ;200 _ _300%F; 100°F _ 200°%

Storage : t
Months _: Glass : Qlass _ _Olass _ Glass _ Tin_ ;Glass _ _Tin

N e WP s GEN ek @ Gae e 0 @ e W e G GER a0 wpth am ams NS BAR Wl CIN--GMs GEe W GEe Gae  ese

0 2,25 - 2.5 - - 22 2.1
1 20 35 3.6 L7 15 24 L9
3 29 38 3 L5 19 25 27
6 3.0 3.0 3.0 19 35 24 2.8
| Orange Marmalade
0 i L1 b Lk LL 16 16
1 1.5 16 20 10 13 21 21
3 28 27 21 25 3.0 23 2.2
6 2.2 L 25 3.0 31 26 29
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I. Studies on the Browning Reaction

With an attempt to throw more light on the various
factors involved in the browning reaction of synthetie
jellies, a new serles of jellies were made and stored at
135%, Sucrose was used as the sugar and after the batch
was boiled down to a spscified weight it was poured in
glasgs and tin containers and sealeﬁ at 10" vacuum after

proper cooling.

1. JInfluencing Factors

(a) The hydrogen ion concentration (eitric

ecid). By using citric acid and distilled water,
synthetic jellies were boiled with three different pH
lavels. Analytvical data in Table IIIV.

The trends of the brown color development as in-
fluenced by pHE are hard to explain. This may be due to
the rapid reactlon rate at 135CF and also to the insuffic-
ient number of samples available.

A comparison of data im columns 4 and 5 where
ascorbic acid was present (Table X{IV) shows very clearly
thet the citric acid {pH 3.3) exerts a slight bul
consistent protective effect; and less browping was
formed in comparison with the distilled water samplses.
This phenomena wag observed im both the glass and tin

containers.
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Vitamin C losses of these boilings are also strik-
ingly lower in the samples containing the citric acid.
Again the correlation between l-ascorbic acid losses and
color development is very evident.

~In a publication by Pfizer and Co. (124) it is
¢laimed that citric acid dscreases the atmospheric oxi-
dation of ascorbic acid under the more geid conditiens.
They also claim that citric acid forms complexes with
traces of iron and copper and in this manner retards the

'destructive effect of these msetals on ascorbic_acid.



TABLE XEIV

COLOR CHANGES AND 1-ASCORBIC ACID LOSSES IN SUCROSE
SYNTHETIC JELLIES STORED AT 135F%

'":::::II:BZZ:{ZEZ:E::_:Z{:-:ZSZI:ZCIEZ:
’ i) : |
28 H 305 H ] 3.3 Ql 03
G S :Tin: G sﬂ‘mff s‘?inﬁsm

ﬂ-_v-__—---——“-dv—-_—-_—-m——__-*-_‘.‘._—ﬂ—-—_ﬂ_ﬂ‘_——_-_

Color Changes - Per eent Transmission

Y | 95.5 95.5 93,0 93.0 96.0 96.0 92.5 92,5 94.0 9l0 93.0° 93.0 99,0 99.0 96.0 96.0
1 86,0 61.0 86,0 146.0 85,0 Lh.5 75.0 40,0 79,0 Lh5 72,0 31.0 83,0 26.0 85.0 96,0
2 5940 L5 67.0 6.5 57,0 7.036,0 L.OLLO 5,550,5 B8.056.5 3.579,089.0

(40.0)=+ (48,0) ~ (52,0) (39.5) (L7.0) (55.0) (37.0)
l-fAscorbic Acid Losses - per cent

1 - - - - - - 63 6 870’4 58 6 7507 61.3 81.’-5 2906 56 O 69 !3 1)4.
2 = - - - 92,8 91.h 82,1 89.2 84.0 90,7 59.9 78.5 73.9 29.3
' v Identification of Columns
1 - Distilled water no ascorbic acid 5.~ Citric acid plus ascorbic acid '
2 - Citric aeid no ascorbic acid 6 - Citric acid plus ascorbic acid plus copper 10 p.p.m,
3 - Citric acid nc ascorbic acid 7 = Citric acid plus ascorbic acid no pectin

L - Distilled water plus ascorbic acid 8 - Citric acid plus ascorbiec acid no sucrose

¥ Sealed at JO¢ vacuum
##Per cent Transmission with 530 m.micron wave length filter

$€T
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(b) Ascorbic acid. Synthetie l-ascorbic

acid added to the sucrose jelliss (50 mg. per 100 grams)
was found to be responsible for the development of a
much more intense brown color. (Compare data in columns -

L and 5 with columns 1 and 2 in Table XXIV).

(¢) Copper. To sucrose jellies boiled
with 50 mg. ascorbic acid per 100 grams, copper was added
to bring the final level up to 10 p.p.m.

When jelly samples containing ascorbic acid but no
added copper (colwmn 5) is compared with samples contain-
ing 10 p.p.m. copper {column 6) it is found that after
1 month storage at 135°F the added copper plus the
ascorbic acid was responsible for a much more intenée dis-
coloration than the ascorbic acid alons. These QbserVa~
tions were made in both the tin and the glass containers.l
Analyses after two months storage however show that the
discoloration in samples to which the copper was added

was less than the ones containing ascorbic acid only,

(8) Pectin, Comparing the sucrose jelly
samples in glass containers containing pectin {column 5
in Table XXIV and curve 3 in Figure 23) with the samples
containing no pectin (column 7 in Table XXIV and curve 2
in Pigure 23) it is found that the pectin containing

5ellies developed more color. Copper analysis of the-



FIG. 23 The effect of pectin on color changes 8nd ascorbic

.acid losses in sucrose jellies stored at 135°F
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Peetin show it to contain 25 p.p.m. of copper. This may
show the influence of the copper on ascorbic acid losses,
the oxidation products of which are involved in the ex~
cessive dark color development.

In the tin containers exaetl& the opposite was
found true. The samples containing ascorbic acid but no
pectin (columm 7, Table XAV and ourve 5 in Figure 23)
showed severe browning (much more than the pectin plus
ascorbic acid samples -- curve 6, Figure 23); which may
be dus to the solid pectin-sugargel, ceausing only a re-
latively small portion of the jelly to be aetually in
contaet with the tin walls. In the samplss boiled
without pectin no gel is formed and more of the viscous
sugar liquid may, by means of convection currents or
other means come in contact with the tin containexr which
cauges a discoloration not produced in glass.,

In both tin and glass containers the vitamin C
retention was much better where no pectin was added
(colum 7, Table XXIV, and curves 3 and 4 in Figure 23).
The high copper content of the pectin may account for
the rapid oxidation of ascorbic acid in this case.

In general throughout these studies it was found
that high ascorbic acid losses are usually accompanied
by the dark color development. In the case of the
synthetic jellies in tin containers boiled without
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pectin however, this was not experienced. In spite of
the fact that less vitemin C was lost in the tin é@nu
taineis where no pectin was present; stili the color
formation was more intense than where the lafgar amount
of ascorbic acid was oxidized (tin containers plus
pectin); This might show that in the tin conﬁéiner the
oxidation products of ascorbic acid only play a m%nor
part in color development and the main'réacﬁion
responsible for the color compound formation is between

the sugars and the vin eontéiner itself.
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Invert sugar, The high storage temper-

ature (135°F) was responsible for a very rapid inversion
of the sucrose so that it was hard to make correlations

between the degree of inversion and color formatiom in

Data of the per cent reducing sugar formation in
the Jjellies are given in Table XAV from which the follow-

ing observations can be made:

Added escorblc acid (50 mg. per 100

grems) causses a slight decrease
in pH and this simultansously
inoreases the per cent invert

sugars (columns 1 and 4).

Where copper was added to the jellies

containing the ascorbic acid a
glight decreasse of pH (column 6)
agaip was observed which simultan-

gously increases the per ceat

invert sugar. (More rapid oxida-

tion of ascorbic ac¢id to form
acids which are more readily
ionized.)

Pectin seems to prevent inversion

slightly (columns 5 and 7).



TABLE XXV
PER CENT INVERT SUGAES IN SUCROSE JELLIES STORED AT 1359Fs

Golumn _ ~— — "o "I "o I R D TTTT T8 T T 7"
“““““““ ST T T T T T TR T "'"‘?*: "’““"“%*"."""""""?té-?" T T e T T T aw
2 % 3.56 : pH 3.3 s pH 2.8 3,49 s ;5;326 P 3.2 s 3.3

Months _ _ _ _ ; Glass: Tin: .%.HléSE : Tin_: Glass: Tizm : 9 ass: Tin_: Glass: Tim : Glass @Fin: Glass: Tin
] 0.0 0.0 6,3 6.3 58,8 58.8. 3,0 3.0 7.1 7.1 8.5 8.518,6 18,6
1 52,0 51;,6 62,8 63,1 63,2 63,6 60,2 60,2 62,6 65,6 63,8 65,8 65,0 65,0
2 63k 63.6 63,1 65.6 65,0 65.0 66,0 66,0 65.6 65,6 65,8 65.8 66,0 65,8

Identification of Columns |

1 - Distilled water no ascorbic acid © B, = Citric acid plus ascorbic a&id

2 - Citric acid no ascorbic acid 6 = Citriec aeid plus ascorbic acid plus 10 p.p.m, copper

3 = Citric acid no ascorbic acid 7 = €itric acid plus ascorbic acid no pectin

i - Distilled water plus ascorbic acid

¥ Sealsd at 107 vacuums
##Mean pH of 5 determinations

™T
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L. Inversion in the tin contéiners was
always a little higher than the
inversion of the sugars in glass
containers. Evidence of a slightly
higher pH in the tin than in the
glass was also observed. Data of
PH of jellies in glass and tin
containers however are not énough

to be conclusive,

With an invert sirup prepared in the 1aboratory;
jellies were boiled containing 56 per cent ﬁotal soluble
solids as compared with total soluble solids of 67
per cent of the sucrose jellies, When losses of ascorbic
acid in these boilings are compared it is found that the
samples containing the highest percentage of reducing
sugar also show the highest losses in vitamin C. See

Table XXVI.
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TABLE XXVI

THE INFLUENCE OF REDUCING SUCARS ON ASCORBIC
ACID LOSSES IN SYNTHETIC JELLIES AT 135°F

Sucrose Jellies s+  Invert Sirup Jellies
: ) t s
Reducing%sugar ¢ A-Acid Loss: Reducing%Sugar: A-Acid Loss

3 %
Months 3 E :
Storage Glass Tin :Glass Tin: Glass Tin : Glass _Tin
0 7.1 7. 48.0  L8.0 .

1 62,6 65,6 58,6 75.7  53.0 53,6 L5.7 1.1
2 65,6 65,6 821 89.2 55,2 55.2 65.7  79.7
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It should be noted that the rate of. inversion at
this high temperature (135°F) was so rapid that sugars
were practically totally inverted after the first month
of storage. For rates of inversion at lower tempera-

tures the reader is referred to Figure 17,

(f) Effect of the presence of sugar. To

eliminate sugar as a factor in the browning reactions a
control was included in these experiments containing
only pectin, citric acid (pH 3.3) and the 50 mg. per
100 g. ascorble acid. Sucrosse was left out.

Referring to Figure 2/ it will be seen that there
was a slight color development in the control samples to
which no sugar was added. A very striking and interest- .
ing observation was that there was more color davelop-
ment in the glass than in the tin containers. This is
exactly opposite to the findings of jellies which weré
boiled with suecrose.

' The ascorbic acid losses illustrated in the same
figure also were much higher in the glass than in the
tin.
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FIG.24 The effect of sucrose on color changes and ascorbic
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These observations lead to the following conclu-
sions:¢

{a) ‘The plain tin container reduces vitamin C
losses when sucrose is absént in high concentrations.
This is in agreement with the findings of Daniel and
Rutherford (19) and Hauck (36) who made vthe observations
that in juices such as orange and tomato with a relative-
ly low sugar content as compared with the Jjellies, the
retention of vitamin C is better in plain tin containers
~ than in glass, _

(b) The high losses of ascorbic acid in the glass
containers are parallseled by the development of coler.
The oxidation products are probably responsible for this
color formation.

(¢} The plain tin container plus sugars is
responsible for developmsnt of excessive dark compounds.
This reaction is responsible also for large vitamin C
losses and the predence of agscorbic acid adds to

additional discoloration.
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2, Spectrophotometric analysis of the brown color.

The clear 5 per cent metaphosphoric acid filtrate used
for the color development studies was also used forvthe
first spectrophotomstric studies, Wave lengths ranging
from 320 to 500 millimieron were used.

Figure 25 is representative of typical data obtain-
ved for the color analysis of synthetic jellies storéd at
135%. ‘The colored compounds developed in synthetic
Jeéllies where ascorbic acid was added are represented by
straight lines, whereas curved lines are obtained when no
ascorbic acid was present. These differences are only
slight however,

After only minor differences in the colored com-
pounds could be detected by the visual range, the |
spectrophotometric studies were carried out in the ultra
violet range. Instead of the 5 per cent metaphosphoric
acid as a solvent; distilled water was used because it
was found that ultra violet light is not transmitted by
the 5 per cent metaphosphoric acid. These analyses were
made with wave lengths ranging from 230 to 310 milli-~
micron. Data typlcal for these analyses are graphically
presented in Figure 26.
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FIG.25 Spectrophotometric analysis (visible range) of the brown
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The curves for the color analysis of the different
sSucrose jellies all show the same trends with an ab-
sorption maximum at 285 millimicrons which would indicate
that the brown compound is the seme in the different
samples. '

Curve No. 1 in Figure 26 of the invert sirup
jellies bolled with no ascorbic acid also shows a
maximum absorption at ca, 285’millimicrcns; but the peoint
of minimum absorption which is formed at ea, 2,5 milli-
microns is more acute than with the other curves, This
may indicate that the brown compound formed when ascorbic
acid is not present is somewhat diffarent from the
compound formed with ascorbice acid. |

The sucrose sample plus asgcorbic acid and 10 p.p.m.
copper also show the same trends as the other curves
representing jelly samples to which no copper was added.

Singh; et. al. (99) and Wblfrem; et. als (121)
both found that d-glucose can be convsrted to 5«(hydroxy
methyl) furfural in acid solutions. Spetxophotometric
analysés done by the latter investigators, by MacKinney
and Temmer (64) and also by Proctor, et. al. (85) showed

‘the absorption maximum of 5-({hydroxy methyl) furfural,
indesd all furfurals to be ca. 285 millimicrons.

Singh, et. al. (99) and Haas, et, al. (32) both

state that the major portion of coleoring matter arises
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from the decomposition of sugars and that thesse brown
compounds are closely associated with the furfurals.
The absorption curves of the color formed in the samples
containing ascorvic acid, citric acid and psetin but
withouf the sugars also show an absorption maximum at
ca. 285 millimjcrons (Figure 26, curve 5). This may
indicate that the breakdown products of ascorbic acid,
pectin and citric acid are also related to 5-(hydroxy
methyl) furfural. It will be noted that in.this curve
without the presence of sugars there is no minimum at‘
245 milliniorons which would indicate that the brown
color developed is caused by or accompanied by furfurals;
unless the concentration was too low to give an
appreciable figure. |

Haas and Stadtmen (33i however list sugars,
ascorbic acid, uronic acid and reductic acid as sub-
gtances that may givée rise to furfural, They also
found the brown compounds in lemon concenﬁrates; dried
- cabbage and caramsls to have &n absorption maximum at

285 millimierons in an agueous medium.,
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CHAPTER V
SUMMARY AND CONCLUSIONS

The retention of vitamin C and a study of brown
color development in synthetic jellies and orange merma-
lade, as influenced by storage conditions and ingredients
usually employed for the manufacture of these products,
were the main objectives of this investigation.

In the preparation of these jellies.and’marma~
lades synthetic ascorbic acid was added to a 50 mg. per
100 g. level. Boilings were made with different sugars
and sugar sirup replacements of 50 per cent for the most
part, poured in glass and plain tin oontainers; cooled
and sealed a{ 10" and 25" vacuunm,

The storage conditions investigated were: .32°F.;
sunlight (51°F.); room temperature (72°F.), 100°F.; and
135°F.

Copper as an influencing factor was eliminated
by predetermining the copper in all the ingredients
used, and adjusting the final copper level of the boil-
ings to 2 p.p.m. Controls without added copper were
also included,

The effects of sodium chloridq'and-d-iso ascorbic
acid as antioxidants were also investigated.

Analyses including l-ascorbic acid, toﬁal ascorbic
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acid, dehydro=ascorbic acid; reductones, c¢olor measure-
ments and reducing sugar determinations were made the day
following the preparation and thereafter at l;,B and 6
months intervals. ’

Spectrophotometric analyses of the brown color
developad in‘synthetic jellies were carried out in a
geparate study.

The principal c¢oneclusions wera as follows:

A. Factors Associated with or Causing Losses of Vitamin C

1. Type of_sugar. The retention of l-ascorbic

acid as affected by the diffe;ent sugars and sugar sirup
combinations used was found in a decreasing order to be:
low conversion corn sirup, high conversion corn sirup,
sucrose; daxtrogse and invert sirup; the losses of ascorbic
acid being the highest (of the order of 85 per cent at
100°F, after 6 months) in the invert sirup jellies.,
Retention of total ascorbic acid followed the same
sequence. These findings apply for both synthetic jelly

end orange marmalade.

2. Type of container. 1-Ascorbic acid and total

ascorbic acid losses in the tin containers were found in
all cases to exceed these losses in the glass containars,

eg. by about 10 pef cent units after 6 months at 100°F.
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Again this was trus for both commodities tested. In
control samples where sucrose was omitted the opposite re-

sult was experienced and higher vitamin C losses were
found in the glass than in the tin containers.

3. 1Iype of preserve. Higher losses for l-ascorbic

and total ascorbic acid wers obtained in orange marmalade
then in synthetic jellies stored at 100° F., but not
enough’data were obtained at other temperatures to be

conclusive.

L. Storage time. lLosses of ascorbio acid in

synthetic Jellies (sucrose) after é‘months storage at
100° F. were 26 and 54 per cent units higher for tin and
glass, respectively, than at room temperature (72° F.),
For orange marmalade stored for 6 months these losses
were 59.5 and 65.3 per cent units higher iﬁlglass and

tin, respectively, than at room tempe:ature.

5. Reducing sugars, High vitamin C losses were -

found to be concomitant with high percentages of invert
gsugars present o that conditions producing high inver-
sion also produced high vitamin ¢ losses,

6. Copper. Copper added to these samples up to
a 2 p.p.m. 1lével caused a marked inecrease in ascorbic

acid losses over an average original copper content of
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ca. 1 p.p.m. The tin container plus the added copper was
responsible for much higher losses of vitamin C as com~

pared with the same losses in the glass containers.

7. Storage temperature, Vitamin C losses rapidly

increass as storage temperature is increased, eg. after

6 months storage the l-ascorbic acid losses for synthetic
Jjellies (sua:osa) in glass containefs were: 13,1 per cent
at 329F,, 32.7 per cent at 72%F. and 58.6 per cent at
100°F. These same losses for orange marmelade ﬁgre: 7.6
per cent at 32°F,; 19.2 per cent at 72°F. and 78,8 per
cent at 100°F. |

8. Sunliggt, Sunlight caused slightly increased
vitamin C losses in jellies and orange marmalade; more so

in the latter casé than in the former.

9. Oxygen content in the headspace. The amount

of oxygen in the headspace was found of great importance
in the retention of vitamin C éven though the product
was a golid gel. Losses at 10" vacuum always exceedsd
the losses at the 25" vacuum.. Analysis of the top and
bottom parts of the samples in glass (10" vacuum) showed
a 20 per c¢ent unit higher-é@struction in the top half
after 6 months at 100°F.
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10, Use of antioxidants.

(a) Sodium chioride. Two per cent

sodium chloride as an antioxidant added to synthetic
jellies in glass containers showed a definite antioxida-
tive effect. In the tin containers the added sodium
chloride had an aceelerating rather than an inhibiting
effect on vitamin ¢ losses. In the orange marmalate con-
flioting results were obtained and further investigation

18 necesgsary.

(b) d=Iso ascorbic acid: In glass con-

tainers at‘loooﬁ. suerose jellies were completely protect-
ed from any loss of vitamin C for at least 3 months by

the addition of 30 mg, d-isc asgorbic acid per 100 g.

At 51°F, 20 mg. d-iso ascorbic acid per 100 g. gave
complete protection for 6 months: Other additions pre-

duced proportionate results.

11. Low pH (eitric acid). Comparing eitric acid
sucrese jellies (ﬁH 3.3) with distilled water boilings
(pH 5.6) it wes noticeéd that the citric acid definitely
exerts a protective effect against vitamin C losses,
This phenomenon was. observed in both glass and tin

containers.
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12, Pectin. It was observed that a better vitamin
C retention was obtained in ungelled samples containing
no pectin. The high copper content of the pectin may be
responsible for the high losses of asoprbic acid where

pectin was present.

13. The presence of sucrose. Where sucrose was

omitted higher retentions of ascorbic acid were found,
especially after two months at 135°F, These results were
not obtained under atmospheric conditions and is not to
be construed as conflicting with reported results under
the latter conditions.

B,: The Same Factors Causing Losses of Ascorbic A@id

Correlate wibth COLOT Deve lODment With the Following
Comments and Modifications:

1, Color development in contrel samples contain-
ing no ascorbic acid was only slight as compared to the
ascorbic acid containing samples. Analyses of orange
marmalade showed it to contain 8 mg. natural l-ascorbic
acid per 100 g. By increasing the ascorbic acid content
to 50 mg. per 100 g. (adding synthetic ascorbic acid),
the brown color formation was increased to a marked
extent., Thus ascorbic acid is responsibls for color
formation but the data indicate that sugars éontribute

more to discoloration'than vitamin C, -
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2., No protection against color formation was ob-

tained by the 2 per cent NaCl or the d-iso ascorbic acid

that were employed as antioxidants.

3+ Sunlight 4id not permit as much discoloration
as the accompanying destruction of ascorbic acid might
indicate. That is, evidence was obtained that the brown

color developed is bleached by the sunlight.

k. An apparent exeeption tb the general trend of
discoloration data; was the faet that sucrose jellies in
tin containers containing pactin; (135°F., storage) .
developed less browning than the samples without pectin
whioh is probably due to their lack of fluidity. In
the glass containers exactly the opposite was experienced
and more browning resulted whare éectin was present,
although all glass samples were less discolored than
those in tin. It was observed that the ascorbic acidl
losses of samples in the bin where no pectin was pre-
sent were much leéss and still the browning was much more
excessive than in the samplaes conﬁainiﬁg the pectin.
These Tindings may demonstrate that in the tin conﬁainer
the oxidation products of ascorbic acid only play a
minor part in color development and the major reaction
responsible for the colored compounds 1is that between

the sugars and the tin container itself.
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C, Ascorbic Aeid Degraaation Products

1, Ko sppreciable amounts of reductones or other
interfering substances in the jellies and marmalades
could be detected by means of the formaldehyde method
used. Even at the 1359F. storage temperaturs there was
no indieation of these reducing substances to be formed
in synthetic jellies even with high disceloration after

two moritha storage.

2. The actual amounts of dehydro-ascorbic acid
present in both synthetic jellies and marmalade were
found to range from 1 to 5 mg. per 100 g., and only
slight changes oocourred during the entire storage period

of 6 months,

D. Spectrophotometric Study

1, From the spectrophotometric analysis of the
brown coler in synthetic jellies; slight evidence was
obtained to indicate that the compounds formed in the
presence of both ascorbiec acid énd sugars are aifferent

from those formed when no ascorbic acid is present.

2. 'The absorption maximum of -the brown compound
as developed in synthetic jellies was found to be ca, 285
millimicrons with a minimum absorption at ca. 245 milli-
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microns. When sucrose was excluded only slight dis-
coloration set in. Analyses of the compounds formed in
the latter case show them to'have an absorption maximum
at ca, 285 millimicrons but no minimum at 245 milli-
microns. This may indicate that the color developed
from ascorbiec acid, pectin and citric acid without
sugar, gave rise to a different compound than that from
the sugars, unless the concentrations Were too low in

the latter case to give an appreciable figure.

E., Minor Observations
1. Inversion

{a) Rapid inversion of sucrose samples
took place at the 100°F, storage temperature. At roem
temperature (72°F.) the rate of inversion was much slower
but still very distinet. No changss in the invert sugar
content could be detected at 32°F.

(b) When copper was added to samples
containing ascorbic acid the per cent reducing sugars

forped was jincreased.

{c) A comparison vetween ascorbic acid
c¢ontaining samples of sucrose jellies and samples oon-

taining no ascorbic acid show the former to contain 10
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per cent units more reducing sugam than the latter at

room temperature (72°F.).

{d) Samplss in tin containers always
showed slightly higher invert sugars than samples in glass

contalners.

(6) Pectin seems to prevent the inver-

.8ion of sucrose slightly.

(f) The per cent invert sugars in ..
samples to which sodium chloride was added was always
much higher than the samples boiled without added NaCl.
The results were consistent but further work neseds to be

done to assign a cdause for this phenomenon.,

2. Synergistic combinations. From the practical

standpoint about the worst combination for vitamin G
retention and development of color appears to be tin
conteliners, high invert sugars, high oxygen content of

headspace. and 2 p«p.;ms or more of copper.

3. 00y production. Little evidence of gas

produetion in,thé éyﬁﬁheﬁio Jalliesjas indicated by a de~
crease in the vacuum could bes found. There was however a
slight detectible reduction in the vacuum of the orange
marmalads samples after 6 months storage at 100°F. which
may be indicative of gas formation.
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