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THE UTILIZATION AND PRESERVATION OF LIMES 
(Citrus Aurantifolia) 

INTRODUCTION 

#*w* v,**#> « • • ’ * c * v » , , 

In the United States limes are grown In conjunc¬ 

tion with oranges, lemons, and grapefruit In Florida and 

California. They are also Imported from Cuba, Mexico, and 

the West Indies where they grow wild on marginal or sub- 

marginal land. 
• • ' • ’ , ; * * 1 

Although the oil of imported limes Is said to be 

of superior quality, the California and Florida fruits are 

leaders in flavor, keeping quality, and seedlessness. The 

harvesting of limes is carried on throughout the year but 
' • *»#*%* •*. 

most pickings are made in the spring and summer* In the 

fall and the winter the few who want limes are willing to 
* * * * * • * • * * ' * •> 1 * • | * • * 

pay a premium for the California crop, which Is then being 

harvested* 

In North America, limes are chiefly consumed in 

the form of beverages. In Egypt, India and other foreign 

countries where limes are grown in abundance, they are em¬ 

ployed in flavoring jellies, jams, marmalades, and as a 

garnish for fish and some meats* 

Object of Study 

Few reports have appeared in the literature per¬ 

taining to the composition and utilization of limes and 
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lime products* So far, this citrus fruit has been used 

largely for Juice In the hon»* In this Investigation It 

Is proposed to study such lime products as jelly, marma¬ 

lade, Juice and lime peel oil* The vitamin C content of 

the lime and Its juice wi 11 also be determined* This In¬ 

formation may be useful to the lime grower, to the citrus 

by-product manufacturer, and to the consumer* With ex¬ 

panded production of limes In America, Asia, and Egypt 

there Is need for studying a method of processing this 

fruit* 
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A REVIEW OF THE LITERATURE 

The literature dealing with the manufacture of 

lime by-products is limited, as but little work has been 

done in tails field* A summary of most of the pertinent in¬ 

formation on tills subject has been compiled* 

Joslyn and Marsh (1939) reported that the lime re¬ 

sembles the lemon in structure and composition* It is 

higher in acidity than is the lemon and the lime-oil Is 

higher in citral content than lemon oil* 

McNair (1928) stated that lemon, grapefruit and 

lime Juices tend to become bitter rapidly. None of these 

Juices will ordinarily retain their natural flavors longer 

than twelve hours* Many methods have been used for the pre¬ 

servation of citrus Juices such as pasteurization, sterili¬ 

sation by heat, ozone, sulphurous acid, carbon dioxide, 

benzoates or ultra-violet rays, together with the addition 

of sugar or by partial fermentation. The products, after 

being preserved by these different methods did not have the 

color, flavor or aroma of the fresh Juice* 

Cruess (1938) observed that lime Juice rapidly de¬ 

veloped a "terpeny" taste after bottling or canning. The 

Juice was prepared by reaming the fruit, screening out seeds 

and coarse pulp, vacuumizing to remove oxygen, flash pas¬ 

teurization, bottling at 175°F., sealing hot, and cooling. 

It was also prepared by flash pasteurizing, bottling warm. 
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sealing and pasteurizing in the bottle at 165°F. 

Higby (1938) has found that the bitter taste and 

astringency, which develop in juices extracted from the 

immature form of both Valencia and Navel oranges after 

bottling or canning* are due to a substance called llmonln 

which occurs in a non-bitter and water-soluble form in the 

albedo* the central fibrovascular bundles, and in the sec¬ 

tion covering of the fruit• When these tissues are ruptur¬ 

ed the llmonln is extracted into the juice where it is 

slowly converted to the intensely bitter lactone. The 

change from limonin to the bitter lactone form takes place 

slowly in the acid juice or in water with heating. Limonin 

has a molecular weight of 470 which corresponds with the 

formula CggH^Og. 

(1941' 
Higby, further reported that in order to prevent 

the hydrolysis of limonin to the bitter complex the pH 

value of the juice must be increased. This was done by add¬ 

ing sodium bicarbonate, sodium carbonate, sodium citrate, or 

other buffers. The best results were obtained by the addi- 
• * ^ i 1 * . 

tlon of enough lithium or sodium carbonate to the juice to 

neutralize from 15 percent to 20 percent of the total acid- 
< •. * A , ■’ *■ ) v . ' * • ; ■* 

ity, thus increasing the pH value to approximately 3.8 to 

4.0. Carbonates helped, not only in preventing the hydroly¬ 

sis of the limonin and lso-limonin to the bitter forming 
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complex, but also in dearating the juice by means of the 

carbon dioxide which was generated. 
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EXPERIMENTAL WORK 

1. Compoaltlon of Limes and Lime Juice? 

The chemical composition of whole limes and lime 

juice was determined* by methods of the Association of Of¬ 

ficial Agricultural Chemists (1940)* The results are pre¬ 

sented below in Table 1« 

Table 1* Chemical composition of whole limes 
and lime juice 

Component 

Percent 

Whole fruit Juice 

Moisture 77.49 90.23 
Total carbohydrate 4.75 8.16 
Protein 6.22 0.43 
Pat 1.13 0.11 
Fiber 11.20 — 

Pectin 0.595 . 0.025 
Ash 3.86 0,25 
Total acidity (calculated as 

citric acid) 
7.66 

Calcium (content of ash) 0.58 0.02 
Potassium (content of ash) 0.18 0.17 
Calories per 100 grams 54.05 35.35 

* The chemical analyses were made through the courtesy of 
Mr. P. H. Smith of the Peed Control Laboratory, Mass. 
Agrlc. Experiment Station. 
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2. Vitamin C (Ascorbic Acid) Content of Lime Juice 

Studies were made to determine the vitamin C (as¬ 

corbic acid) content of lime Juice. In this work deter¬ 

minations were made of the Juice of limes grown in California, 

Florida, and Porto Rico. The ascorbic acid was determined 

by the dye titration method of Tillmans, Hirsch, and Hirsch 

(1932) as described by Maclinn and Fellers (1938). The 

2,6-dichlorophenolindophenol dye solution was standardized 

according to the method of Buck and Ritchie (1938). A de¬ 

tailed procedure of these methods, as used, is presented 

below. 

Preparation of indicator solution (0.05 percent): 

1* Dissolve 0.2 gram of dry sodium 2,6-dichlorophenolindo- 
phenol in hot water, filter, and add water to make up 
to a volume of 400 ml. 

2. Store in brown gpLass bottle - preferably in cold room - 
for not more than five days. 

3. Standardize solution daily. 

Preparation of pot asslum lodate solution (0.01 H.): 

1. Dissolve 0.3567 gram of potassium lodate in warm water. 
Make up to one liter. 
Store in glass bottle. Keep covered to prevent evapora¬ 
tion as this is the standard solution. 

« 4 

Preparation of sodium thiosulphate solution (0.01 N.): 

1. Dissolve 24.8 grams of sodium thiosulphate in distilled 
water and make up to one liter, ^his makes a 0.1 N. 
stock solution. 
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2* Dilute ten times to prepare a 0.01 If. solution as 
needed. 

Preparation of starch solution (0.5 percent): 

1. Dissolve 0.5 gram soluble starch in 100 ml. of cold 
water and store at a cold temperature. 

Prep ^ - -- “ tent sulphuric acid and 

1. Dissolve 40 grams metaphosphoric acid in water and add 
100 ml. concentrated sulphuric acid. 

2. Hake up to two liters. 

Standardisation of sodium thiosulphate against potassium 
£0da|e; 

1. Place 2 grams potassium iodide in a flask and add about 
50 ml. of water. Add 10 ml. of 0.1 N. hydrochloric 
acid and 10 ml. of potassium lodate. 

2. Titrate against 0.01 N. sodium thiosulphate until a 
light straw color appears. Add starch indicator, five 
to ten drops. 

3. Titrate to the disappearance of the starch color. 

4. Repeat titrations in duplicate• 

Standardization of dye solution against 30dlum thiosulphate 

1. Place 2 grams potassium iodide in a flask and add 50 ml. 
of distilled water. 

2. Acidify with 10 ml. of 0.1 N. hydrochloric acid. 

3. Add 10 ml. of dye solution to the flask. 

4. Titrate against standard sodium thiosulphate solution 
to a straw color. Add starch indicator. 

5. Titrate to disappearance of starch color* 

•
•
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Preparation and titration of sample of fruit juices 

1* Place 5 ml* of the fruit Juice in a flask. 

2. Add 25 ml. distilled water and acidify with 5 ml. acid 
solution. 

3. Titrate against the dye solution, using the first pink 
that fades in Just 40 seconds as the end point. 

4. Make duplicate titrations. 

The results of these determinations are summarized 

in Table 2. 

Table 2. Ascorbic acid (vitamin C) content of 
fresh lime Juice 

Sample Ascorbic acid per ml. 

♦ mg 

Juice from California limes 0.41 
i ' 4 

Juice from Florida limes 0.40 
4 

Juice from Porto Rico limes 0.34 

From Table 2 it may be seen that fresh lime Juice 

is a rich source of vitamin C. It compares very favorably 

in vitamin C content with the Juice of other citrus fruits 
• ( , I ‘ nT 

such as grapefruit, lemons, and oranges. 
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3. The Carotene (Vitamin A) and Riboflavin (Vitamin Bg) 
Content of Whole Lime s and Lime Julce~ 

The samples of whole limes for carotene and ribo¬ 

flavin analysis were prepared by cutting the fruit into 

small pieces and drying to constant weight at 140°F. The 

final results are calculated on a dry basis. The samples 

of juice were prepared by reaming the fruit, screening the 

extracted juice and holding it in brown bottles in a re¬ 

frigerator until analyzed. 

The carotene was determined by the method describ¬ 

ed by the, Association of Official Agricultural Chemists 

(1940), using a Universal Spectrophotometer. Riboflavin 

was determined by the method of Hod son and Norris (1939). 

These results are diown In Table 3* 

Table 3. Carotene and riboflavin content of whole limes 
and fresh lime juice 

Sample 
Carotene 
per gram 

Riboflavin 
per gram 

micrograms micrograms 

1. Unscreened juice 0.30 0.27 

2. Screened juice 0.30 0.19 

3. Whole limes (dried basis) 6.00 4.00 

> 
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Prom this data It mey be seen that the carotene In 

fresh lime juice is not destroyed during the screening pro¬ 

cess. There was some loss of riboflavin at this stage of 

the juice preparation. There is al so an indication that the 

riboflavin in lime juice is less stable during drying than 

is carotene. In general it may be considered that limes and 
’ * - * ? , . * „ , i ’ 

lime juice are not good sources of carotene and riboflavin. 

4# Lime Marmalade. Jelly, and Juice. 

For many years citrus growers and some agricultural 

industries have been confronted with the problem of a satis¬ 

factory disposal of their surplus and cull material. Dur¬ 

ing the last several years a large mount of money has been 

spent in experimental work on the utilization of by-products 

of the citrus fruits. In general, the results of this work 

have not been successful. A displeasing bitterness which 

develops during and after subjecting the juice to heat is 

one of the principal Juice defects. 

The present investigation of lime by-products was 

begun in July, 1941. It was found that as soon as the lime 

slices or juice were subjected to heat they lost their color 

instantly and developed a bitter flavor. Considerable time 

was spent in studying methods of preventing the hydrolysis 

of limonin to its bitter lactone, and the subsequent develop¬ 

ment of a bitter flavor. Many chemicals were tried in 
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different proportions* It was found that 0*15 percent 

calcium carbonate and 0*2 percent sodium carbonate by 

weight were sufficient to prevent the bitterness and re¬ 

tain the color. In the following pages a full description 

is given for using this method in making lime marmalades, 

jellies and preserved Juices. 

a. Lime SSarmalade 

Lime marmalade was prepared in a number of dif¬ 

ferent ways in order to observe the effect of treatment 

with sodium carbonate, potassium carbonate, and ratio of 

sugar to juice. This experimental work may be outlined as 

follows: 

A. The whole fruit was cut into thin slices and treated 

by the following methods. 

1* Slices were cooked in water until tender. 

2. 0.2 percent sodium carbonate was added to 
the lime slices and they were cooked in 
water until tender. 

3. 0.15 percent calcium carbonate was added to 
the lime slices and they were cooked in water 
until tender* 

4. 0.2 percent sodium carbonate plus 0.15 percent 
calcium carbonate were added to the lime 
slices and they were cooked in water until 
tender. 

B. Lime Juice was extracted from limes by reaming, 

screened through cheese cloth, and diluted with 
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varying amounts of water. This diluted juice was ad¬ 

ded to the.washed lime slices. 

.* , , * . •• * 

C* Ratios of sugar to diluted juice of 1:2, 1:2.5 and 1:3 

were used. The amount of sliced fruit was constant in 

all cases. 

D. All of the ingredients - cooked sliced limes, diluted 

juice, and sugar - were mixed together and cooked to 

a Jelly point (219.5°F.). The product was packed hot 

into 6 os. glass Jars, sealed and allowed to cool. 

The products were examined after five weeks* storage 

at room temperature. 
* 

All of the pertinent information in regard to the 

preparation and quality of the marmalade samples as describ¬ 

ed above is summarized in Table 4. Prom this data it is 

evident that the addition of sodium carbonate was valuable 

in retaining a satisfactory color in the marmalade. The 

addition of calcium carbonate was effective in preventing 

the development of a bitter flavor. A combination of 

sodium and calcium carbonates was necessary to maintain a 
« 

good color and flavor in the finished product. 

In Table 4 it mqy be seen that sample III-G4 was 

definitely superior to the other samples as regards color 

and flavor. A practical method of preparing such a lime 

marmalade a3 this is described as follows: 
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1, Six limes are cut Into thin slices and sufficient 

water to cover the sliced fruit during cooking is 

added. In addition 0.15 percent calcium carbonate 

and 0.2 percent sodium carbonate are added. The 

mixture is cooked for one and one-half hours, after 

which the slices should be washed thoroughly with 

cold water. 

2. Juice from six limes is extracted by reaming, 

screened and then diluted with four voltimes of 

water. The volume of juice before dilution should 

be 15 fluid ounces. 

5. The diluted Juice is added to the slices, then one 

pound and ten ounces of sugar are added and the mix¬ 

ture cooked to the jelly point. 

• bime and Orange Marmalade 

1. Pour limes and two oranges were cut into thin slices 

sufficient water, 0.15 percent calcium carbonate and 

0.2 percent sodium carbonate were added* The slices 

were cooked for one and one-half hours after which 

they were washed thorou^ily with cold water. 

2. Juice from six limes was extracted by reaming, and 

screened. The amount of juice was 15 fluid ounces. 

It was diluted with four volumes of water. 



3* The dilute juice was added to the cooked slices* One 

and three-eighths pounds of sugar were also added. 

4. The combined fmit juice and sugar was cooked to the 

jelly point (219.5°F.), packed in jars, sealed, and 

stored for five weeks. 

Observations were made at the end of the storage 

period. This product had a very good flavor and no objec¬ 

tionable bitterness. 

c. Lime. Orange and Grapefruit Marmalade 

1. Three limes, one-half a grapefruit, and one orange 

were cut into thin slices, sufficient water to cover 

the slices, 0.15 percent calcium carbonate and 0.2 

percent sodium carbonate were added. The slices were 

cooked until tender. They were then washed thorough¬ 

ly with cold water. 

2. Juice from six limes (15 fluid ounces) was extracted 

by reaming, screened through cheese cloth and then 

diluted with four volumes of water. 

3. The amount of sugar added to the slices and the di¬ 

luted juice was one and three-eighths pounds. 

4. The mixture of fruit, diluted juice, and sugar was 

cooked to the jelly point (219.5°F*), packed in six 

ounce jars, sealed, and stored for five weeks. 
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This product had a very good flavor and no objec¬ 

tionable bitterness* 

5* Lime Jellies 

a* Lime Jelly 

A* The juice from 24 limes was extracted by reaming, 

diluted with four parts of water, and 0*2 percent by 

weight of calcium carbonate was added* 

B* This juice was mixed with two and one-half pounds 

of sugar and then heated for ten minutes, during which 

time ten grams of 100 grade citrus pectin were added* 

Cm This Jelly stock was then divided into three parts: 

1* The first portion was filtered through four 
layers of cheese cloth* 

2* The second portion was filtered with suction 
through "Filter-Cel" held in a Buchner funnel 
by circular piece of canton flannel covering 
the funnel bottom* 

3* The third portion was treated with clarex (an 
enzyme preparation)* The clarex acts as a 
clarifying agent and precipitates colloidal 
material in the juice* The clarex was prepared 
by mixing It with a small amount of the jelly 
stock and heating for 50 minutes at 100°F* The 
jelly stock to be treated was placed in a pan 
and its temperature raised to 76°F. One-tenth 
percent by weight of clarex (in the prepared 
form) was added and the jelly stock held at 76°F. 
for 24 hours* At the end of this time the mix¬ 
ture was heated to 212°F* to kill the enzymes. 
It was then filtered through Filter-Cel* 

D. Each of the above three portions of jelly stock 

were cooked to the Jelly point (219*5°F*), filled hot 

into glass jars, sealed, and stored for four weeks* 



17 

At the end of four weeks the samples were examined. 

Portion 1 bb prepared above was very cloudy, while portions 

2 and 3 were very clear. All of the samples had a good 

flavor and no objectionable bitterness. However, they did 

have a very strong acid taste. 

b. Orange and Lime Jelly 

In making this Jelly the same procedure as in por¬ 

tion 1 (above) for lime jelly was followed except that pro¬ 

portions of lime juice to orange juice of 1:1 and 1^:1 and 

2:1 were used. It was not necessary to use added pectin. 

These jellies had an excellent flavor. 

c. Lime and Apple Jelly 

The same procedure was followed in portion 1 

(above) for lime jelly with the exception that proportions 

of lime juice to apple juice of 1:1, l$tl, and 2:1 were 

used. The apples were peeled, sliced, cooked with small 

amount of water until tender, and the juice strained off 

through cheese cloth. 

The lime-apple jellies had a very good flavor. 

No objectionable bitter flavor was present In them. 

6. Vitamin C Content of Lime Marmalades and Jellies. 

The different samples of lime marmalades and jel¬ 

lies were analyzed for vitamin C by the method previously 
v• t . .« t . ; . , * :*/ « f 

described. In addition to vitamin C, their soluble solids 
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contents were determined with an Abbe refractometer, and 

total acidity (as citric acid) was determined. A Beckman 

pH Meter was used to measure their pH value. These analy¬ 

tical results are summarized in Table 5. I • f 

Table 5. Vitamin C (ascorbic acid) content of 
lime marmalades and jellies 

Ascorbic Total Soluble 
acid per acids as solids pH 

Product gram citric content value 

mg percent percent 

Lime marmalade .008 1.54 65 2.54 
Lime and orange .100 1.48 66 2.95 
marmalade 

Lime, orange, and .020 1.52 65 2.60 
grapefruit marmalade 

Lime jolly .023 1.90 62 
Lime and orange jelly *041 1.70 66 2.65 
Lime and apple jelly .029 0.91 

Prom the above information it may be seen that the 

lime marmalades and jellies prepared in this investigation 

were relatively low in ascorbic acid content and cannot be 

considered as good sources of vitamin C. With the excep¬ 

tion of the lime and apple jelly all of the products were 

characterized by a relatively high total acidity. 

i 
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7. Preserved Lime Juice 

The fresh flavor of lime juice Is quite unstable, 

and It loses Its natural flavor after twelve hours. It Is 

recognized that two of the factors which affect the flavor 

and cause bitterness in the lime juice are: 

1. The presence of air contaminated with organisms 
causing spoilage. (McNair, 1926) 

2. The hydrolysis of the limonin and Iso-llmonin to 
the bitter lactone which takes place slcwly in 
the acid juice or In water with heating. (Higby, 
1938) 

In this investigation several methods were tried 

In order to obtain a preserved lime juice whioh maintained 

Its original fresh flavor and remained free from bitterness. 

One of the methods used consisted of packing the juice in 

bottles and using sodium benzoate as a preservative. This 

method was not satisfactory. It was also found that bot¬ 

tling the lime juice and sterilizing it by heat or flash 

pasteurizing It at 175°P. or 190°P. were not successful 

methods, from the standpoint of flavor retention. However, 

it was found that lime juice can be preserved for a long 

time at room temperature, without losing Its flavor and 

without developing objectionable bitterness, by using the 

following methods 

1. Green mature fruits were washed, cleaned, and 
cut in halves. 
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2* The juice was extracted by reaming and screened 
through a dry, clean cheese cloth in order to 
remove the pulp and seeds which, if mixed with 
the juice, would ruin its flavor. 

3. Calcium carbonate in a concentration of 0.15 per¬ 
cent was added to the juice. 

4. The juice was flash pasteurized immediately at 
165°P. It was then filled hot into bottles, 
vacuum sealed, and cooled immediately. 

Some of the sealed bottles were stored at room 

temperature (75°P.) while others were held in a refrigera¬ 

tor at 40°P. After four weeks' storage the samples had a 

good flavor, and were free from objectionable bitterness. 

After four weeks' storage the lime juice samples 

stored in the refrigerator and at room temperature had a 

vitamin C (ascorbic acid) content of 0.39 and 0.36 mg. per 

gram, respectively. 

8. Lime Juice Concentrate 

The purpose of this study was to produce a con¬ 

centrated lime juice having the characteristic color, 

flavor and food value of fresh juice. 
•V ■?> • « ' A - • '< 

Freshly screened juice was concentrated by using 

a constant temperature and a high vacuum by the method 

described by Sedky, Fellers and Esselen (1942). The ap¬ 

paratus used for this experiment is shown in Plate I. 
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Procedure: 

A* 1000 ml, of fresh screened lime juice was put in the 

flask (A) and 0*2 percent of calcium carbonate was 

added, 

B. The concentration was carried on at constant tempera¬ 

ture by adjusting the flame under water bath (B). 

C. During concentration a vacuum of 25 inches of mercury 

was maintained in the apparatus, while the tempera¬ 

ture was 100°P, 

D. The concentrated juice was filled into bottles, cap¬ 

ped, and pasteurized in a hot water hath until the 

temperature of the product reached 165°F. 

After three weeks* storage at room temperature it 

was found that the samples had a good flavor and wore free 

from objectionable bitterness. 

The quantity of lime juice concentrate secured from 

one thousand milliliters of fresh juice, its vitamin C 

content 

Table 6 

and acidity 

• Yield and 

are presented in Table 6, 

composition of lime juice concentrate 

briginal Amt. concen- Vitamin C Total 
volume of trated juice content acidity 

juice obtained per ml. (as citric pH 
Sample acid) Value 

ml ml mg percent 

1 1000 500 0.77 11.52 2.5 

2 1000 350 1.12 15.97 2.5 
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9* Lime Oil 

Methods of extraction 

A. Extraction by expression 

In limes as in other citrus fruits, the oils are 

found in the cells of the rind* Oil can be obtained by 

crushing these cells and absorbing it with 3mall sponges. 

It has been found that a fruit juice squeezer 

with a layer of sponges fixed in the upper part of It 

(Plate II) gives a good yield of oil. The whole fruit was 

cut In halves, which were held in the Inverted cup (a) and 

pressed against the metal form which bad the same shape as 

the cup (b), and was covered from Inside with a layer of 

sponges (c). Upon pressing, the sponges absorbed the oils 

while the juice was extracted. The pressed halves were 

then pressed again In order to obtain most of the oil from 

the rind. 

The chief advantages of this method are its sim¬ 

plicity and the fact that large quantities of material can 

be handled at small cost, 

B. Extraction by steam distillation 

The cleaned peels were cut by a revolving food 

chopper into pieces, transferred to a round bottomed flask 

(a), (see Plate III) and sufficient water was added to cover 

them. The flask was connected to the condenser and live 

steam was then drawn throu^i the suspended peel by a glass 
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tube (b). The distillate was collected in a flask connect¬ 

ed with a water pump by which a slight suction was secured 

in order to draw the live steam and reduce the pressure. 

Steam distillation was continued until the condensate was 

free from turbity. This point indicated that the oil was 

entirely removed from the peels. 

The distillate was then transferred to a separa¬ 

tory funnel and allowed to stand until the oil separated. 

The remaining traces of oil were removed from the distil¬ 

late by means of a super-centrifuge. 

The samples from both methods of extraction were 

stored in dark bottles and dried by adding a small quan¬ 

tity of anhydrous sodium sulphate. It was found that a ton 

of limes should yield about ten pounds of oil. 



24 

DISCUSSION AND RESULTS 

The ascorbic acid content of limes and lime by¬ 

products from different locations are shown in Table 7, 

as averages of all determinations: 

Table 7* Ascorbic acid contents of limes and lime 
by-products from different locations 

Where grown 

Ascorbic acid 
in lime Juice 

per ml. 

Ascorbic acid 
in lime marma¬ 
lade per gram 

Ascorbic acid 
in lime Jel¬ 
lies per gram 

mg mg 

California 0.410 0.008 0.023 

Florida 0.403 0.008 0.022 

Porto Rico 0.344 0.007 0.022 

These experiments were carried from July 1941 to 

March 1942. Variations with locality where grown are pre¬ 

sumably due primarily to differences in soil and climate. 

In Egypt, fresh lime juice Is most frequently consumed in 

the form of beverages such as "Lime-Ade”, in which water 

and sugar are added. Tests conducted on lime Juice when 

made Into beverages showed no loss in its vitamin C content. 

Therefore a glass (300 cc.) of "LIme-Ade” mad© from the 

juice of one lime (43 cc.) would furnish about 14 mg. of 

vitamin C. 
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In order to determine whether ascorbic acid con¬ 

tent was affected by cold storage, some fruits were placed 

in an ordinary cold storage for forty days. It was found 

that they diowed no decrease in ascorbic acid content af¬ 

ter storage. Tlie greatest losses of ascorbic acid in 

marmalades and jellies occurred in the cooking of the peel. 

Addition of calcium carbonate also caused a decrease of as¬ 

corbic acid compared with the original materials. 

Small amounts of calcium carbonate (.15 percent by 

weight) helped in preventing the hydrolysis of the limonin 

and iso-limonin. The hydrolysis of these two compounds re¬ 

sults in the splitting of the molecule with the liberation 

of bitter substances. Hlgby (1941) reported that addition 

of lithium or sodium carbonate to the navel orange juice 

prevented the formation of the bitter complex. Sodium car¬ 

bonate developed a sourness and did not prevent bitterness 

in lime juices. It can only be used in making marmalade as 

a means of retaining the color of the peel. The peel should 

be washed several times with cold water in order to elimin¬ 

ate the sourness developed by this substance. 



SUMMARY 

Lime juice is a rich source of ascorbic acid* The 

California limes contain 0.41 mg. per ml., while Florida 

and Porto Rico limes contain 0.40 mg. and 0.34 mg. respec¬ 

tively. That is, the lime is as good a source of vitamin 

C as oranges and grapefruit. 

The amount of carotene and riboflavin in limes 

and lime juice is negligible. 

The ash of limes is alkaline in character, consis¬ 

ting largely of calcium and potassium. 

The presence of 0.15 percent calcium carbonate by 

weight is sufficient to stop the hydrolysis of the limonin 

to the bitter lactone in lime Juice, marmalade, and jelly. 

The addition of 0.15 percent of calcium carbonate 

by weight to the screened Juice and the use of flash pas¬ 

teurization at 165°F. for a few seconds aided in preserving 

the natural aroma and taste of the juice and its vitamin C 

potency, during storage in glass containers. 

Calcium carbonate raises the pH value and helps 

in preventing the hydrolysis of the limonln and iso-limonin 

to the bitter lactone complex. It also helps in sweeping 

the juice free of oxygen by the carbon dioxide generated. 

Lime juice was concentrated by using a constant 

temperature and a high vacuum. The concentrated juice was 

pasteurized at 165°F. and cooled. 'Phis concentrated juice 

when diluted gave a pleasant refreshing flavored product 
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which could bo used in the manufacture of marmalade, jel- 
m 

lies, sherbets, ices, etc. 
' 

Lime oil can be obtained by crushing the cells of 

the rind, ’^wo methods have been used. 

1. Extraction by expression. 

2. Extraction by steam distillation. 

Both methods gave good yields, although the first 

one is easier and cheaper. One ton of fresh limes yields 

about 9.5 pounds of oil. 
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