University of Massachusetts Amherst

ScholarWorks@UMass Amherst
Masters Theses 1911 - February 2014
1939

Citrus by-products.
Norman Glaskin
University of Massachusetts Amherst

Follow this and additional works at: https://scholarworks.umass.edu/theses

Glaskin, Norman, "Citrus by-products." (1939). Masters Theses 1911 - February 2014. 2769.
Retrieved from https://scholarworks.umass.edu/theses/2769

This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass
Amherst. For more information, please contact scholarworks@library.umass.edu.

CITHUS BX-PHODUCTS

f

Norman Ola skin

Thesis submitted for
the degree of
Master of Science

MASSACHUSETTS STATE COLLEGE, AMHERST
May 18, 1939

*

Table of Contents

Page
I*

Introduction

1

II.

A Review of the Literature

5

XII.

Lemon Products and Their Composition

g

IV.

Orange Products and Their Composition

10

V.

Grapefruit Products and Their Composition

13

VI.

Candied Citrus Feel^-Experimental

17

1.

Methods of Manufacture

17

A.

Method No. I. (Candled Grapefruit Peel)

17

B.

Method No. II.

20

C.

Method No. III.

D.

Method No. IV.

E.

Method No. V.

F.

Method No. VI.

G.

Method No. VII.

H.

Method No. VIII.

I.
2.

(Candled Orange Peel)
(Candied Citron Peel)
(Grapefruit Peel)
(Grapefruit Peel)
(Grapefruit Peel)
(Ponderosa Lemon)
(Crystallized Kumquat
Chips)

Crystallized Sour Orange Peel

20
22
23

24
24
24
25

The Effect of Loss in Weight, Pitting, Decay
of the Peel upon the Quality of the Finished
Product
A.

Loss in Weight of Pineapple Orange Peels

B.

Storage Pitting and Decay of Pineapple
Orange Peels

25

26

C.

Loss In Weight of Marsh Seedless Grape¬
fruit

D»

E.

Storage Pitting of Marsh Seedless Grape¬
fruit

27

Decay of Marsh Seedless Grapefruit Peels

27

3.

The Effect of Varying the Sugar to Peel Ratio

4.

Factors Affecting Shriveling and Hardening
of the Candled Peel

5.

VII.

27

29

Jl

Powdered Citrus Products

Summary and Conclusion

VIII. Bibliography

3^

35

Introduction

Citrus fruit trees were brought to Florida by the
Spanish padres several centuries ago, but the citrus in¬
dustry is of much more recent origin.

It was well into

the latter half of the last century that commercial
shipments in this country were well established, and it
18 only within the past 50 years that the industry has
been on a substantial basis.

In lfi>99* about 6,000,000

boxes of oranges, 30,000 boxes of grapefruit, and 900,000
boxes of lemons were shipped from California and Florida.
In 1930, about 43,000,000 boxes of oranges, 14,000,000
boxes of grapefruit, and 7*000,000 boxes of lemons went
to market from the citrus-growing States.

These figures

were taken from a report published by Chase (3)•
This enormous increase in production has naturally
been accompanied by not a few problems.

Among the most

serious of these has been the utilization of the surplus
and cull fruits.

As production Increases, the proportion

of unmarketable fruit also Increases, and as the saturation
point of consumption is approached, there is great danger
of loss on fruit in the lower grades.

An unusually large

crop is a disaster if no means are provided for keeping
the low grades of fruit from the market.
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A cooperative by-product industry can go a long way
toward stabilizing markets at any time, but in years of
overproduction, it becomes the only salvation of the grower,
A striking illustration of this took place in 1927 in the
lemon Industry,

With the consumption in the United States

and Canada of less than 15,000 carloads, all but 2,000 of
which came from California, the lemon growers of that State
were faced with the problem of disposing of 6,000 additional
carloads.

Hot only was this amount of fruit, 7^,000 tons,

handled by their by-product company with a satisfactory
return to the growers, but nearly 13,000 carloads were
marketed, with a gross return exceeded but once in the
history of their cooperative enterprise.

Had 1,000 car¬

loads of the fruit which was turned into by-products been
placed on the market, the crop would probably have yielded
one of the poorest returns on record.
Curiously enough, the smallest group of citrus growers,
those raising lemons, were the first to make a start toward
solving the surplus and cull problems.

The greatest con¬

sumption of oranges and grapefruit has been during the
winter and early spring months, whereas lemons are consumed
largely during the summer.

Their consumption depends upon

weather conditions more than does that of other citrus
fruit8,

A heavy crop of lemons coincident with a mild,

cool summer meant disaster to the lemon growers before the

3~
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by-products enterprise was established*

Beginning in a

small way, handling about 5,000 tons of lemons in 1917,
the capicity and usefulness of this cooperative enterprise
increased until, in 1927, the growers handled the largest
amount of cull and surplus fruit ever produced in California.
This fruit was converted into citrate of lime (from which
citric acid is produced), essential oil of lemon, and pectin.
Citric acid is used in beverages, soda-water, syrups,
effervescent salts, and citrate of magnesia.

The consumption

is about 6,000,000 to 8,000,000 pounds per annum, of which
about 20 to 25 percent is supplied by citrus by-products
operators.

Essential oil of lemon is used for flavoring

purposes and to a less extent in perfumes.

Most of it is

imported from Italy, about 1,000,000 pounds coming in
annually.

California produces about 10 percent as much,

but the amount being manufactured is increasing steadily.
Pectin is used by the manufacturers of Jams and Jellies to
produce a satisfactory consistency in their product.
contained in the peels of citrus fruits.

It is

The annual pro¬

duction is a matter of doubt as It is seldom sold pure,
but, for the purpose of standardization, is either in
solution in water or is mixed dry with sugar.

The citrus-

fruit growers have sufficient material available to produce
pectin to supply the world1 demand.

Growers of oranges were slower In starting their by¬
products factories, but they too have come forward rapidly
within the past few years.

After failure to market orange

marmalade on a scale that would use any considerable amount
of fruit, attention was turned to other products, and a
satisfactory business has been built up In making concen¬
trated orange Juice, essential oil of orange, and pectin.
Of late, the manufacture of candled citrus peel, orange
and grapefruit, has shown a marked increase.

Carbonated

orange beverages are popular, and large quantities of
these products are consumed through-out the country.
Recently, frozen orange Juice has been made in Florida
and California on a large scale, and quantities of surplus
fruit have been used In this way.

Several companies are

doing a gross annual business of #1,000,000 each in orange
by-products.
By-products from grapefruit have so far been confined
largely to the canned fruit and the canned Juice, but since
25 to 50 percent of the entire crop is annually consumed
in this way, the culls, consisting of misshapen, thickskinned, and otherwise unmarketable fruit, are returning
something to the growers.

Grapefruit peel contains both

essential oil and pectin, but there has been very little
commercial production of either iro& this source.

Much

of the grapefruit peel is now being used in the candied
peel industry.

Op to the present the oranges and lemons used for
by-products do not return to the grower the cost of pro¬
duction, and no grower contemplates growing the fruit for
by-product purposes alone.

The actual cost of growing

lemons In California Is about #35 a ton, but returns of
more than #25 a ton from by-products utilization are rare.
Although the cost of producing oranges is somewhat less
than that of producing lemons, the returns from their use
as by-products are not enough to pay for growing the fruit.
Canned grapefruit, canned grapefruit Juice, essential oil
of the peel, fatty seed oil, and candied peel will probably
come nearer to paying their way than will the by-products
of either of the citrus fruits.

A Review of the Literature

The literature dealing with the manufacture of citrus
by-products is somewhat limited but scattered over a wide
range of Journals, technical and consular reports, and
other publications and is often difficult of access.

In

providing a general account of the manufacture of citrus
by-products and its technology, the author has, therefore,
thought it desirable to supplement his own observations
and the results of his own investigations with a compre¬
hensive summary of almost all of the principal information

available on the subject.

The main purpose of this

manuscript is to provide a work of reference useful to
those concerned with the candied citrus peel industry.
Von Loesecke (14) reports that although citrus peel
has been candied for some time, there are still problems
in this field which must be solved through adequate tech¬
nical knowledge.

This is especially true where factory

production amounts to 10,000 or more pounds of peel a
year.

Here the manufacturer is confronted with situations

not met with were he processing small batches only during
the fruit season.

For example, there is the problem of

darkening of the candied peel, premature hardening while
in the hands of the retailer, unfavorable changes brought
about by microorganisms during storage in warm weather,
and, what is most important, economic production.
McNair (10) states that the rinds of the orange,
lemon, and citron are made into articles of commerce by
candying or drying.

For this purpose the peel is separated

from the fruit either by hand or machine and is dried either
by laying it in trays in the sun, as in fruit drying, or by
a current of heated air.

The principal market for this

product is the wholesale drug trade, although some is sold
for use in dried mince meat and similar preparations.
Chase (2) and Thursby <13) discuss the methods of
manufacturing candied citrus peel.

Their methods may

not be the ideal ones to use for commercial production
but the fundamental principles are to be found in their
reports.

Chase (2) also lists some of the uses of candied

citrus peel.

Candied grapefruit peel makes an excellent

center for chocolate candies and also serves as a substitute
for citron in baking.

Candied orange peel, while less like

a confection, has sufficient merit to make it satisfactory
for many purposes.

It may be mixed with icings for cakes;

also, it may replace shredded coconut in homemade candies
and fresh orange peel in marmalade.

Many firms now use

similar products instead of citron in making mincemeat.
Cruess (5) reports that candied citron (a citrus
product) is a well-known article of commerce.

The citron

peels are shipped in brine for the preparation of candied
peel to the United States of America from Italy and other
Mediterranean countries.

The bitterness is extracted by

boiling in repeated changes of water, and the peel Is
candied by the method described on page 20 of tfiis manu¬
script.

Orange and lemon peels are also imported from
:

V

a*.

.

I
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Italy in brine and converted Into candied peel#
* r

Chenoweth (4) outlines an approved fomula for grape¬
fruit peel candy*

Besides giving a fine definition of
.

*w tie a

candied fruits* he explains clearly the use of invert
sugar in candied fruits* the time required for processing
and the variety of fruits now being employed.

Chenoweth

(4) also discusses the method of preparing the fresh fruits
for candy manufacture.

Sommer (12) describes a method of candying fruit.
Candled citron, orange peel and lemon peel are used to a
limited extent In fruit Ice cream.

In fancy Ice cream

the candled fruit is used for decorative purposes.

Also

oil of orange and oil of lemon, both from the peel are
used as fruit extracts in fruit ice cream.

Lemon Products and Their Composition

The composition of lemons, oranges, grapefruit, and
their respective products, as submitted by Von Loeseeke (15)
in letters of communication with the author, are listed in
the following discussion.
Recoveries of over 100 gallons of Juice per ton of
lemons are obtained if extracted under high pressure.
The essential oil in the lemon peel varies from 0.3
to 0.6 percent of the weight of the whole fruit.
The acid content of lemon Juice ranges from 5.g to
7-2 percent.

Acid recoveries somewhat in excess of 4c

pounds per ton of fruit are made.
About 2 to 3*5 percent of the residue from the presses
is pectin.

The recovery of the pectin depends largely on

the condition of the peel and the methods used.

A yield

of 4o pounds of pectin per ton of fruit is considered to
be satisfactory.

The ash content of the whole fruit is 0.53 percent.
The composition of this ash is as follows:
istituents

percent

Pe2°3
CaO

0.43
29.27

MgO

4.4o

k2°

48.26

Na20

1.76

p2°5

11.09

so,

2.84

3102

o»66

Cl

0.39

Mn^O^

0.28

The washed lemon residue, remaining after the removal
of the Juice and the washing, has the following composition:
Components
Uolsture

percent
83. S3

Citric acid

0.60

Pectin

1.95

Ash

0.82

Crude fiber, cellulose

2.73

Protein (N x 6.25)

1.56

Pentosans

2.61
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Hach and Lederle (9) report the following compositions of
dried lemon peels and pips ••
Lemon peel
percent

Components
Water

Lemon peel
percent

Lemon pips
percent

14.03

15.32

8.23

Crude protein

7.oi

6.56

18.25

Crude fat

1.56

2.17

34.30

Nitrogen-free extractives

61.16

56* 66

22.21

Crude fiber

11.80

l4.oo

14.35

4.44

5.29

2.66

Ash

The Connecticut Experiment Station (1) reports the
composition of the ash of lemon skins to be 3*.00 percent
potash and 6.3° percent phosphoric acid.

Orange Products and Their Composition

Recoveries of SO to 100 gallons, of Juice per ton of
oranges are obtained, depending on whether pressing or
burring is used.

The burred Juice contains more of the

pulp.
The edible portion of the Navels is about 66 percent,
of the Valencias about 75 percent.

The difference between

these figures and 100 percent constitutes the peel.
The oil extraction is about 0.5 percent or 10 pounds
per ton of fruit.

A 50 percent recovery of cold pressed

u
oil is considered highly satisfactory; with distilled oils,
the amounts are higher and practically all can be recovered.
The citric acid in oranges amounts to from 0.75 to 2
percent.

It is not considered sufficient to pay for recovery,

as its recovery from the Juice containing relatively large
amounts of sugar is much more difficult than in the case of
lemon Juice.
The pectin in the orange peel amounts to from 2 to 3*5
percent; recovery depends largely on the conditions of the
peel and the method used.

A yield of

ko

pounds of pectin

per ton of whole fruit would be considered satisfactory.
The ash content of the whole fruit is 0.43 percent.
The composition of this ash is as follows:
Constituents
pe2°3

percent
0.97

CaO

22.71

MgO

5.3^

k2o

48.94

Na20

2.50

P2°5

12.37

SOj

5.25
•

3102

O.65

Cl

0.92

Mn^Oty

0.37
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Koenig (g) reports the composition of the seeds as
follows:
Components
Water
Nitrogenous material

percent
48.4
6.6

Ether extract

11. S

Nitrogen-free extract

20.2

Crude fiber
Ash

2.1
10.1

Mach and Lederle (9) report the following compositions
dried orange peels and pips:
Component s
Water

Orange peel
percent

Orange pips
percent

19.30

6.82

Crude protein

4.66

13.72

Crude fat

1.92

33.37

62.67

31.22

Crude fiber

8.12

11.30

Ash

3.33

3.57

Nitrogen-free extractives

The Connecticut Experiment Station (1) reports the
composition of the ash of orange skins to be 27.04 percent
potash and 2.90 percent phosphoric acid.
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Koenig (g) reports the composition of the rlna as follows:
Components
Water

percent
70.4

Nitrogenous material

o.gg

Ether extract

0.58

Nitrogen-free extract

22.3

Crude fiber

3.2

Ash

2.6

The author, using the approved A. 0# A* C. methods of
analysis, reports the composition of the rind as follows:
Components
Moisture

percent
75*07

Acid

0.37

Invert sugar

6.32

Sucrose

0*32

Total sugars

7*14

Pentosans

4.24

Grapefruit Products and Their Composition

Recoveries of JO to 100 gallons of Juice per ton of
grapefruit are obtained, depending on the thickness of the
peel and the method used.
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The edible matter is from 60 to 65 percent of the
fruit* leaving 35 to 4o percent as peel.
The oil extract* less than in lemons and oranges,
averages about O.30 percent or 6 pounds per ton of grape¬
fruit.

The recovery is probably proportionately less than

on lemons and oranges.
The pectin in the grapefruit peel amounts to from
2.5 to 4 percent.

No recovery figures are available* as

apparently little pectin is made from grapefruit.
The acid in grapefruit amounts to from 1 to 2.5 percent.
As with oranges, its recovery is not profitable.
The ash content of the pulp is 0.39 percent.

The

composition of this ash is as follows:
Constituents

percent

Pe2°3

X. 26

CaO

7.3^

MgO

3.92

k2o

44.19

*2°5

11.09

303

3.39

The Connecticut Experiment Station (1) reports the
composition of the ash of the grapefruit skin to be 30*64
percent potash and 3*5^ percent phosphoric acid.
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The Florida Experiment Station (15) reports the
composition of the ash of the grapefruit refuse from
Florida canneries as follows:
Components
Moisture

percent
IS. 00

Ether soluble material

5.25

Protein

5.31

Carbohydrates
Fiber

(probably consists
of essential oil and
the fixed oil from
the seeds)

61.69
9.75

The author finds similar percentage composition of
the dried grapefruit refuse by the use of A. 0. A. C.
methods of analysis:
Components
Moisture

percent
18*00

Ether soluble material
Protein

5*32

Carbohydrates

60.59

Fiber

10.48

Jamieson, Baughman and Gertler (7) report the composition
of grapefruit seed oil as follows:
Glycerides of

percent

Oleic acid

20*5

Linoleic acid

5>1.0

Palmitic acid

20.1

Stearic acid

"J.6

Llgnoceric acid

0.1

Unsaponifiable acid

0.7

Other work has been done in analyzing citrus by-products
for their feeding value and nutritive properties.

In the

analyses conducted by Neal, Becker and Arnold (11) the
following facts were observed.
The citrus by-products were low In crude protein,
fiber, and fat.
which was

They were high in nitrogen-free extract,

to 92 percent digestible.

Total digestible

nutrients per hundred pounds of dry matter were S2.S0 and
S0.S2 pounds for grapefruit and orange refuse respectively.
The results of the digestion trials placed these feeds In
the class of high carbohydrates concentrates.
Dried grapefruit and orange cannery refuses have a
laxative action when fed as a large proportion of the
ration.

General effects of the dried grapefruit refuse were

favorable as indicated by thrifty appearance, gloss of the coat
of hair, and Improvement in thickness of flesh of the cattle.
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Candied Citrus Peel—Experimental

The Methods of Manufacture

Included here are a number of methods formulated and
recommended by the author which may be used by the manu¬
facturing trade of candied citrus products.

Industrial Method of Manufacturing
Candied Grapefruit Peel
Method No. 1

Preparation of the peel—Wash the fruit and remove
the peel, leaving as little of the white material attached
to the fruit as possible.

The peel can be more readily

detached if the fruit is dipped in boiling water for a few
minutes.

If peel from fruit from which the Juice has been

pressed is to be used, the segment walls can be cleaned
away with a knife.

Not all of the peel from this class of

material can be saved, but usually enough is recovered to
make it pay.

Cut the peel into strips 2 inches long by

one-fourth inch wide, into disks half an inch wide, into
squares of the same size, or any other shape of small
dimension.
Cooking the peel—There are two methods of cooking
the peel.

In one method water alone is used; in the other

-1S~

a preliminary treatment with limewater is given.

Under

certain conditions the finished product has a slightly
tough layer at the surface, the remnant of the outer surface
of the original peel.

This toughness can he overcome by

using limewater, although as a rule results almost as good
are obtained by using water alone*

Only the clear limewater

should be used for this purpose, never milk of lime.

Lime-

water contains only a few tenths of 1 percent of lime in
solution end will not injure the peel.

Place the prepared

peel in a kettle and cover it either with a mixture consisting
of 2 parts of water and 1 part of clear limewater or with
water alone.

Cover and boil for half an hour.

Pour off the

liquid; again cover with water and boil for half an hour.
Do not use limewater after the first cooking.

Repeat the

boiling, with fresh water each time, until a piece of the
peel when removed

and cooled has about the bitter taste that

1s desired in the finished product.

The final product will

be less bitter than the peel at this stage, as some of the
bitterness disappears on further cooking.

Usually three

treatments are sufficient when a rather bitter flavor is
. V- '

desired.

Five or six treatments produce a mild-flavored

peel; more than that number gives a product without much
grapefruit flavor.

When the desired flavor is reached,

pour off the water and drain the peel.
can be removed by gentle pressure.

The excess of water

-19-

Candying the peel—Prepare a syrup, using equal parts
of granulated sugar and water, with 0.05 percent of citric acid,
and cover the peel with it,

A better keeping and softer

product Is obtained by using a commercial invert sugar instead
of cane sugar.

Boil very slowly for an hour or so, and allow

the peel to remain in the syrup overnight, or longer if
convenient.

Finally, boll again until the syrup becomes

thick, stopping the cocking at the usual endpoint for Jelly
making; that is, when the substance flakes or sheets from
the spoon, or the temperature on a candy thermometer is
about 219°F. (104°C. )•

The peel is satisfactory even if

cooking Is stopped before it reaches this point; overcooking
tends to make the peel hard.

Drain the syrup while hot
i

from the peel as completely as possible, shaking repeatedly
to remove the last drops.

Now roll the peel in powdered

sugar, separating any pieces that stick together.

Cool

and allow to remain in the air to dry for several days.
Storing the peel—Place the dry candied peel in air¬
tight Jars or cans, where it will keep for months.

The

individual candied pie.ies may aloo be wrapped in waxed
paper amd packed in candy boxes.

20

Industrial Method of Manufacturing
Candied Orange Peel
Method No* 2

The method used for grapefruit peel, with slight
modifications can be used for orange peel*
Preparation of the peel—Wash the fruit, remove the
peel, and cut it into thin strips, about an inch long.
Cooking the peel—Cover the peel with water and boil
it for an hour, being careful to renew the water so that
all of the peel remains covered.

Pour off the water and

repeat this operation at least once.

The peel should be

tender before the treatment with boiling water is stopped.
As this peel lacks the bitter taste of grapefruit peel,
two treatments are usually enough.
Candying the peel—Drain the tender peel, cover it
with a

50 percent sugar syrup, and cook it as directed

for grapefruit peel.

After the syrup is drained from it,

roll the peel in powdered sugar and expose it to the air
until dry.
Storing the peel—Store the dry peel in air-tight
cans or Jars.

Industrial Method of Manufacturing
Candled Citron Peel
Method No. 3

For candying, citron should be picked when it is
yellow, with perhaps a little green showing.

Care should

21-
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be taken to choose only fruit of medium maturity; either
immature or overmature fruit gives an inferior peel.
Preparation of the peel—Halve or quarter the fruit,
according to the size, and remove the pulp.
Cooking the peel—Cover the peel with water and boil
it for 30 minutes, then discard the water.

Repeat this

operation, boiling for 20 minutes and discarding the water.
Candying the peel—Prepare the syrup, using equal parts
of granulated sugar and water, with 0.05 percent of citric
acid, and cover the peel with it.

A better keeping and

softer product is obtained by using a commercial sugar
Instead of cane sugar.

Boll 3° minutes to about 216°F.

(102°C.) and allow the peel to remain in the syrup overnight.
Next day boil for about an hour to 219°F. (104°C.) and leave
o
the peel in the syrup for two days.
Finally, boil to 223 F.
(106°C.).

Remove the peel from the syrup, drain it on wire
»

screen, and allow it to dry in the air for several days or in
a dehydrator at 170°F. (77°C. )•
moist before glacelng.

The peel must be only slightly

If desirable, it may be rolled in pow¬

dered sugar at this stage.

For glacelng, prepare a concentrated

sugar syrup (1 part of water to 5 parts of sugar), heating
slowly until the sugar is dissolved and then boiling to
24S°F. (120°C.).

Place the prepared, properly dried candied

22

peels In this solution and let them remain for 3 to 5 minutes,
keeping the solution boiling gently at about 120°C.
temperature rises, add a little water.

If the

Remove the peels,

drain the surplus syrup back into the pan, and place the
peels in a greased pan to harden.
Storing the peel--Store the candied peel in air-tight
Jars or cans, where it will keep in satisfactory condition
for months.

Quick Methods of Oandying
For Immediate Consumption
Grapefruit Peel
Method Mo, 4

1 lb, grapefruit

6 ojt. water

1 1/2 lbs. sugar
Preparation of peel—Select bright fruit with a thick
peel.

Wash carefully.

Grate lightly on an ordinary grater

to break the oil cells.
from the fruit and weigh.

Cut the peel in quarters and remove
Cut this peel into strips one-

quarter to one-half inch wide; or cut into small shapes.
Place in a saucepan of water and for each quart of peel
taken add 3 pints or more of cold water.
and pour off the water.

Boil 10 minutes

Repeat three times or until as

much of the bitter flavor is removed as is desired.
the peel between folds of cloth, pressing gently.

Dry

For each pound of peel used add 11/2 pounds of sugar
to 6 ounces of water.
sugar Is dissolved.

Bring to a boll and cook until the
Add the prepared peel and boll until

the syrup is absorbed.

Remove immediately from the fire

and roll the fruit in granulated or powdered sugar.
Finishing polnt~»Qooklng continued too long and
evaporation carried too far will cause the product to be
hard and unattractive.

The point at which the product

shall be finished may be determined by rolling a piece of
fruit when it has become transparent, in granulated sugar.
If after a few minutes the fruit stiffens enough to retain
its shape it is sufficiently cooked.

A strip of peel is

preferred to the small shapes in making this teat.

Grapefruit Peel
Method Bo. 5

1 lb. grapefruit

1/4 pt. clear com syrup
i

11/2 lbs. sugar
Proceed as in Method No. 4.

1/4 pt* water
It is more difficult to

reach crystallization by this method, slower cooking being
required, but due to the glucose in the com syrup the
finished product remains soft much longer than when prepared
by Method No. 4.

Grapefruit Peel
Method No, 6

Prepare peel as in Method No, 4,
until the syrup will spin & thread.
until transparent.

Boil sugar and water
Add the peel and cook

Pour this into containers and let stand

for 10 days or longer.

When ready to finish, lift from

the syrup, put on a rack and sun dry.

If the day is clear

and dry a few hours will complete the product.

This product

remains in good condition for several weeks.

Ponderosa Lemon
Method No. 7

Follow the same directions as for grapefruit peel.
The oily part of the rind should be grated from the peel
before boiling.

This makes a more tender product and re¬

duces the time of cooking.

Crystallized Kumquat Chips
Method No. &

Clean kumquats thoroughly, sprinkle with soda, using
one tablespoon of soda to one pound of kumquats.

Pour

sufficient boiling water over this to cover fruit.

Let

stand for 10 minutes, pour off water and rinse through
three changes of water.

Cut kumquats into quarters.

These

slices are dropped into syrup made by dissolving in 1 cup
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of sugar in 1 cup of water.

Boil for 30 minutes, allow

to stand until cool and the next day boil for 30 minutes
in the same sugar solution.
to dry.

Remove and place on a platter

The chips may then be rolled in sugar.

Crystallized Sour Orange Peel

Follow the same directions as for grapefruit peel,
except that two changes of water are sufficient.

The Sffect of Loss in Weight, Pitting, Decay of the
Peel Upon the Quality of the Finished Product

Loss in Weight of Pineapple Orange Peels

One pound samples of Pineapple Orange peels were
set aside on shelves in each of three rooms held at
different temperatures, all having the same humidity,
percent) and weighed at regular Intervals to determine loss
in weight.

Table 1 gives the Percent loss in weight after

one month, six weeks and two months in storage at the three
different storage temperatures.
Most of this loss in weight was due to loss in moisture
but some is lost by respiration.

The figures of Table 1

bring out very clearly that the amount of weight lost is

Table 1. Total Percentage Loss in Height of Pineapple
Orange Peels Stored at Various Temperatures
• % A

a

%

Temperature

Loss in weight
1 month
6 weeks 2 months
percent
percent percent

32°r.

5.2

7.5

9.7

39° r.

U.6

7.0

9.1

18.0

25.0

-—

70 to SO°F. (Room)
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dependent on temperature and length of storage period.
Orange peels at room temperature lost over three times
as much weight as did that held at 32°F.
Quality of the rind was affected by loss in weight.
Appearance also was greatly affected by this factor, as
shriveling always accompanied excessive drying.

Storage Pitting and Decay of Pineapple Orange Peels

Table 2 is a tabulation of the amount and severity
of storage pitting and percent decay throughout the storage
period at three different storage temperatures.
Pitting was very slight at the two low temperatures
of 32°F. and 39°F* and negligible at room temperature
(70°F.).

At no time during the storage period was pitting

enough even at the lew temperature, to hinder the quality
of the peels.
From the figures of Table 2 it appears that the amount
of decay Is dependent upon temperature.

The colder the

temperature, the less decay during storage.

Stem-end rot

was by far the most common of the various decays appearing
in the stored peels.
& weeks1

It is Interesting to note that after

storage, 100 percent of the peels stored at 32°F.

and 39°F. were still in good condition.

Table 2. Effect of Temperature on the Keeping Quality
of Pineapple Orange Peels In Cold Storage

Temperature
stored at

Time In
storage
Week 8

32 °p.
H

0
6

ft

S

II

10
12

ft

39°
« r.

0
6

ft

g

ft

10

it
7o°p.

0.0
0.0
0.0

4.0

0.0
0.0
0.0
0.0

9.1

0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

5.3

12

10.6

1.7

0

0.0
11.2
20.1
28.1
55.2

0.0

ft

6

II

6

ft

10
12

ft

_Pecay
Stem end
Other
rot
decays
percent
percent

6.7

is. 5

24.6
35.0

Pitting

no pit8
no pits
no pits
1 to 15 pits
1 to 1§ pit8
no pits
no pits
no pits
no pits
1 to 15 Pits
no
no
no
no
no

pits
pit8
pits
pits
pits
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Lose in Weight of Marsh Seedless Grapefruit Peels

Table 3 gives the percent loss in weight of Marsh
Seedless grapefruit rinds stored at 32°F. and 39°F. for
12 weeks.

Three pounds of these grapefruit peels were

used as samples.

The peels were weighed every two weeks

and these weights were averaged to give the values of the
table.
Comparing the temperature effect, it may be seen that,
as a general rule the peels lost more weight at 39°F. than
at 32°F.

The figures in Table 3 show that with an Increase

in storage temperature and time there was an increase in
the loss of weight of the peels.

Storage Pitting of Marsh Seedless Grapefruit Peels

The figures in Table 4 show that heavier pitting
occurred at 39°F. than at 32°F.

The amount of pitting and

percent peels made unusable by pitting were dependent upon
the temperature and the length of storage.

Decay of Marsh Seedless Grapefruit Peels

The least amount of decay occurred at the shorter
storage time.

There was a marked increase in decay around

the 12th week in storage.

Table 3*

Loss in Weight at Various Intervals of
Marsh Seedless Grapefruit Peels
Stored at Different Temperatures

Temperature
stored at

32°F.

Time in
storage
week 8

Loss in weight
percent

2

1.9

ft

4

3-5

«

6

5.0

ft

g

6.7

II

10

ft

12

10.2

2

1.9

ft

4

3.9

ft

6

5.6

ft

*

7.9

ft

10

10.0

II

12

12.5

39°F.

Table 4.
Effect of Temperature and Length of
Storage Period on the Keeping Quality of
Marsh Seedless Grapefruit Peels

Temperature
stored at

Time in
storage
weeks

Waste because of
Decay
fitting
percent
percent

Usable
percent

0

0

0.0

100.0

A

2

0

0.0

100.0

II

4

0

0.0

100.0

A

6

1.5

0.75

97.75

A

8

3.0

1.0

96.0

A

10

5.o

1.5

93.5

A

12

6.0

10.5

*3.5

32°p.

0

0

0.0

100.0

A

2

4

0.0

96.0

A

4

8

0.0

92.0

A

6

11

o.5

8S.5

A

8

13

1.0

86.0

A

10

15

1.5

33.5

A

12

18

25.5

56.5

39°P.

It was also found that by storing the citrus peel In a
brine-sulfur dioxide solution that the quality was preserved
and a higher grade of candied product followed as a consequence.
The following g ounce samples were removed from storage
and converted Into candied peel.

The same formula for

candied peels, number 4, listed under methods of manufacture,
was used for each one of the samples.

The finished products

were tested for quality by ten individuals.
Sample - g ounce

Condition

Score

Pineapple orange peels

1 month at J2°Fm

good

ft

N

it

1 month at 39°F.

very good

«

»

«

1 month at J0-&0°F.

poor

tt

h

h

6 weeks at 32°F.

fair

H

it

it

6 weeks at 39°F.

fairly good

N

N

it

6 weeks at 70-£0°F.

poor

H

«

ii

2 months at 32°F.

poor

N

H

M

2 months at 39°F.

fairly good

2 weeks at 32°F*

very good

Ma~sh Seedless grapefruit peels
*

ii

h

2 weeks at 39°F.

very good

<t

H

ft

h

4 weeks at 3^°F*

very good

n

ft

ft

«

4 weeks at 39°F*

very good

k

ft

it

ii

g weeks at 32°F*

fair

it

if

ft

ii

g weeks at 39°F*

fair

ft

ii

M

10 weeks at 32°F.

poor

il

M

ii

10 weeks at 39°F.

poor

«

**
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The Effect of Varying the Sugar to Peel Ratio

In this work dextrose and sucrose syrups were prepared
as shown in Table 5*

These syrups were mixed as shown in

Table 6.
Procedure—The segment walls of the grapefruit rinds
were removed by knife and the remaining hemispherical forms
were rinsed in cold water.

Some of these dome shaped halves

were cut into strips 2 inches long by one-fourth inch wide,
others into pieces one-half inch square.

The strips and squares

were placed in a steam-Jacketed kettle and covered with water.
The peels were covered with a lid and four half-hour boiling
applications were given, the liquid being poured off after
each boiling.

Four treatments were found to be sufficient

to give the desired taste in the finished product.

When

this desired flavor was reached, the water was poured off
and the peels drained.

Four ounces of the combination

syrups were added to cover a sample of a dozen strips or
50 small squares of the grapefruit oeel.

Each sample was

boiled slowly for 15 minutes in a small aluminum pan and
then allowed to stand overnight in a cool place.

Another

2 ounces of the combination syrups were added to the respective
batches on the following day and again brought to a slow boil.
The cooking continued until the candy thermometer read about
219°F. (104*0.).

The hot syrup was drained from the candied

Table 5*
Composition of the
Dextrose and Sucrose Syrups

Syrup . Sample

Balling
percent

Composition

a

40

g oz. dextrose + 12 oz. water

’H

b

35

7 oz.

■

♦ 13 oz.

**

II

c

.30

6 oz.

*

♦ 14 oz.

*

Sucrose

d

65

13 oz. sucrose + 7 oz. water

if

e

60

12 oz.

*

+ & oz.

*

*

f

55

oz.

■

+ 9 oz.

*

g

50

10 oz.

*

+ 10 oz.

*

Dextrose

»

Table 6.

Combination Syrups

Sample_Composition of syrup_Balling
...
~- - - - *
percent
a 4 d

dextrose 4 65# sucrose

a 4 e

40% dextrose 4 60% sucrose

52*5

a 4 f

40# dextrose 4 55# sucrose

5°

a 4 g

4o% dextrose 4 5°# sucrose

45*5

bfd

35# dextrose 4 65# sucrose

5^

b 4 e

35# dextrose 4* 60% sucrose

49

b 4 f

35# dextrose 4

5556 sucrose

47*5

b 4 g

35# dextrose 4 50# sucrose

41.5

c 4 d

30# dextrose 4 65# sucrose

5°*5

c 4 e

30# dextrose 4 60# sucrose

47

c 4 f

30# dextrose 4 55% sucrose

42

c 4 g

30# dextrose 4 50# sucrose

4l

55
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peel as completely as possible.

The candled peels were

placed on waxed paper and allowed to dry In the sun for
four days.

They were turned over from time to time to

hasten drying.

When they were sufficiently dried, they

were rolled in finely powdered sugar.

These were allowed

to remain in the open to dry for several days, then each
sample was packed in an air-tight 6 ounce Jar.

Samples of the

various candied peels that were made are shown in Plate 1.
After 5 weeks standing the samples we^e tested by
ten individuals and their comments noted.

(See Table 7).

Discussion—These tests proved rather successful for
very little crystallization took place in any of the candied
peel samples.

Where crystallization did show signs of

formation, a high sucrose to a low dextrose syrup had been
used.

The flavor and consistency of the candied grapefruit

strips were good, of the candled squares not so good.

The

sample product (b ♦ f), made with the combination of a 35
percent dextrose syrup and a 55 percent sucrose syrup, was
considered to be the best.

It was noted that a sweet candied

peel resulted when a 65 percent sucrose syrup in combination
with a JO percent dextrose syrup was used.

A better keeping

and a softer candled peel was obtained when dextrose was
present in supersaturated solutions of sucrose.

The dextrose

retarded crystallization, and when larger amounts were
present the sucrose did not crystallize from such syrups.

Table 7*

Comments of Testing Candled Marsh Seedless
Grapefruit Peel by Ten Individuals

Sample

Composition
percent

Comments

a ♦ d

4o# dextrose +
65# sucrose

No crystals, rather hard, good
flavor, appearance good, sweet

4-

a + e

40# dextrose +
60% sucrose

No crystals, good soft consistency,
outer powdered sugar layer hard,
appearance good, sweet but less than
(a + d)

3-

a + f

40# dextrose +
55# sucrose

No crystals, good soft Inner con¬
sistency, outer powdered sugar layer
hard, appearance good, slight sweet
flavor

2

a + g

*40# dextrose +
50# sucrose

No crystals, good soft inner con¬
sistency, outer powdered sugar layer
hard, appearance excellent

1-

b + d

35# dextrose +
65# sucrose

Slightly crystallized, soft outer
layer, good consistency but soft,
fine appearance, good flavor but
sweet

3

b + e

35# dextrose +
60# sucrose

No crystals, excellent flavor and
consistency

2+

b ♦ f

35# dextrose +
55# sucrose

No cry stale, soft and tender, ex¬
cellent flavor and consistency,
best product

1

b ♦ g

35# dextrose +
50# sucrose

No crystals, soft and tender,
lacks flavor

4

c + d

30# dextrose +
65# sucrose

Somewhat crystallized, powdery
and hard, flavor fair

c + e

30# dextrose +
60# sucrose

Somewhat crystallized, powdery
and hard, flavor fair

c + f

30# dextrose +
55# sucrose

Very little or no crystals,
powdery and hard, flavor fair

c + g

30# dextrose +
50# sucrose

Very little or no crystals,
powdery and hard, flavor fair

Choice
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Folts and Basina (6) found that a suitable proportion
of invert sugar (dextrose or levulose) and sucrose in the
product was from

to 59 percent invert sugar and from

33 to 40 percent sucrose, calculated on the dry weight.

Factors Affecting Shriveling and
Hardening of the Candled Peel

Shriveling and hardening have been two detrimental
factors in the processing of candled peel.
It was found that some corn syrup or dextrose was
necessary for the proper processing of the candled peel.
With acid fruit8 there will be considerable inversion
during the various boiling periods.

But in order to insure

this reaction, it was found best to add some Invert sugar.
When an Insufficient amount of invert sugar was present,
the candled peel became hard and heavily crusted with sugar.
This may be noted in Plate 1, sample L.

These defects were

prevented by the use of invert sugar.
It was observed that if the process was hurried too
much the peel shriveled.

The time required to process

candled peel properly varies from 6 to 10 days.
There were other factors that proved detrimental in
the processing of candied peel.

The syrup fermented when

too long a period between concentrations of the syrup during

Plate 1
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the earlier stages was allowed.

It required only a little

fermentation to render the peels worthless for further
processing.
A browning effect was noticed on some candied peels.
This was believed to be due to oxidative reaction and was
partly eliminated by the use of a small amount of sulfur
dioxide during the washing and preparation of the peel.

Powdered Citrus Products
%

It has been found by the author that candied citrus
peels may be converted Into fine powders.

Such powders

could be used as a flavoring ingredient in the cake, cookie,
pudding and other similar industries.
The samples (c + d), (c + e), (e + £), ( c + g), as
prepared by the use of combination dextrose-sucrose syrups,
were placed into a cabinet dryer and held there for a
period of eight hours.

These dried candled peels were

removed from the dryer ar.d pulverized into powders.
shows some of the various powders that were made.

Plate 2
Starting

from the left side of the picture, the first represents the
finely powdered sample (c+ g).

The second in line is also

sample (c + g) but of a larger mesh.

The third, fourth

and fifth represent the finely powdered samples (c + f),
(c + e), and (c + d) respectively.

*
*

Plate 2

The last three samples represent dried and pulverized
orange and grapefruit rag products.

These were prepared by

removing the rag from the orange and grapefruit refuse and
drying them overnight in a cabinet dryer*

This crisp, dried

rag was removed from the dryer and pulverized into powders*
The first of these three represents the Valencia orange
variety, rag powder.

This powder has a bright brown color
I

and a typical orange odor and flavor.
same powder but only of a finer grain.

The second is the
The third and last

sample represents a very finely ground Marsh Seedless grape¬
fruit, rag powder*

This powder has a fine gold color and

a typical grapefruit aroma and flavor,
have been found for these rag powders.

As yet, no uses

Summary and Conclusion

A review of the citrus by-product industries has
been given.
Formulae have been listed to instruct the manufacturers
in the proper methods of producing candied citrus peels.
The tests conducted on the use of various sucrosedextrose syrup combinations showed that a syrup con¬
sisting of 35 percent dextrose and 55 percent sucrose
gave the finest quality candied citrus peels.
When an insufficient amount of Invert sugar (dextrose
and fructose) was present, the candied peels became
hard and heavily crusted with sugar.
Storage pitting in orange peels occurred to a negligible
amount at 3^ F. or higher for a period of twelve weeks.
Severe pitting occurred in grapefruit peels held at
39°F. or lower for a period over six weeks.
Methods of making a powder from citrus rag and candled
citrus peels have been given.
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