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INTRODUCTION

Fresh acid limes, Citrus aurantifolla (Christm.)
Swingle are widely used for adding their characteristic 
flavor to dishes and beverages throughout much of the world 
(Cromatie, 1958). Although the lime industry is a minor 
part of the world citrus industry, it is extremely important 
to the growers end shippers involved. The deterioration of 
fresh limes has resulted in serious economic losses to the 
industry.

Manley and Gochjin (1960 and 1962) concluded in their 
study of retail distribution of limes in Dayton and 
Cincinnati, Ohio, that the majority of the retailers 
preferred a dark green lime over a light green or yellow 
green fruit, but homemakers preferred a light green fruit. 
Generally, retailers regarded external skin blemishes as 
objectionable from the standpoint of their customers. Scab 
and scar defects, even to the extent permissible under the 
minimum U.S. No. 1 grade, were regarded as unsatisfactory; 
however, these fruits were still strongly preferred over 
those of U.S. No. 2 and cull grades. Over-maturity or 
shriveling also was thought to be a particularly objection­
able characteristic of fresh limes. Nevertheless, in 
practically all cases, looses of limes reported by retailers 
were attributed not to shriveling but to spoilage. With 
regard to size Manley and Godwin (1962) reported that
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homemakers have a preference for limes in the medium size 
range over those at the extremes. With respect to over- 
maturity, they regarded yellowing without shriveling as the. 
margin of acceptability in fresh limes. Morrison (1961) 
suggested that firm fruits with good green color, heavy for 
their size and fresh in appearance, are the most desirable. 
Yellow limes may lack the usually preferred acidity. 
Purplish-brown colored, irregularly-shaped spots on the 
fruit surface are caused by scald. Occasionally entire 
fruits turn brown. Such fruit is poor in appearance, but 
in some cases the flesh may not be affected. Decay may be 
indicated by water-soaked spots, by mold, or may appear as 
a discolored, 3 0 ft area usually starting at the stem end.

To reduce losses of limes from decay and spoilage 
including deterioration and senescence, it is necessary 
to study the fruit33 nature, and to find methods of proper 
handling of fruit. Treatments in postharvest handling are 
tools for these purposes.
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REVIEW OF LITERATURE

The Growth of Lime Fruit3

Mexican time
The common type of lime (Mexican) bears many synonyms: 

the West Indian, Samoan, Hawaiian lime, and key lime (Pope, 
1923). It was once the principal lime grown in Florida, 
but recently, cultivation of the Persian lime has become 
widespread (Campbell, et al., 1962). Nevertheless, the 
Mexican lime is still the principal lime grown in the West 
Indies, Mexico, Ceylon, and Thailand.

The fruit in Hawaii is small, round or oval, about 
1-1/2 - 2-1/4 in. in diameter, and its average weight is 
26.9 grams. It has 54.39 percent juice which contains 8.7 
percent total solids and 7.45 percent citric acid (Pope, 
1923).

Pope (1923) and Miller (1962) stated that limes which 
ripen practically the year round and are nearly always in 
season. The heaviest crop comes in the late summer and 
fall, and the supply usually equals the demand in Hawaii. 
Warner (1964) revealed that good quality limes are pro­
duced in Hawaii; the trees grow and produce well. 
Production could be quickly increased if market or pro­
cessing outlets were developed. In other producing areas 
supply might be short during off season, due to constantly 
high demand. This brings the price of the fruit up. to



5-10 times as much as that during Che peak season.

Kusaie lime
The Kusaie lime according to Webber and Batchelor 

(1943) is an acid mandarin or mandarin-lime which has 6.75 
percent citric acid and 9.0 percent total solids. Pope 
(1923 and 1934) reported that the percentage of juice is 
58.35, the average weight per fruit is 61.5 grams, and the 
fruit diameter ranges between 1 3/4 to 2 1/2 inches.

Determination of harvesting stage
Harvesting of limes at their prime stage for purposes 

of storage or immediate sale to consumers must be taken 
under consideration in addition to a good market price.
The internal and external quality should be high and 
acceptable; the first quality is concerned with juiciness 
and flavor, and the latter eye appeal.

The acid fruits develop their maximum acidity early 
in the season, while they are quite immature. Since limes 
and lemons are valued for their high acidity, they are 
picked biologically immature as soon as they meet the legal 
requirements. There is no size requirement for key limes in 
Florida, but they must have a minimum juice content of 42 
percent (Ziegler and Wolfe, 1961).

Growth of the Fruit
Sinclair (1961) mentioned that many factors affect 

the composition of citrus fruits, and it is important to
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know the changes in the fruits* composition during their 
growth and maturity.

Soil moisture conditions can affect fruit quality. 
Bartholomew and Sinclair (1931) found that lemon juice 
contains a higher percentage of citric acid xohen lemons 
are grown on nan-retentive soil.

Hardings efc al. (1959) reported that tangelos produced 
during a relatively wet season are heavy and have a high 
percentage of juice containing low total soluble solids and 
total acid, and during a relatively dry season they are 
lighter and have a lower percentage of juice.

After the fruits set, they grow rapidly. The growth 
rate is less rapid when they are reaching maturity, and 
growth may be checked temporarily from time to time by 
xEoisture shortages (Bowman, 1956; Sinclair, 1961).

Bartholomew and Sinclair (1951) mentioned that in 
lemons the length of time required by individual fruits of 
a given set to attain picking size varies from 7-14 months. 
They also stated that during growth and maturation, lemon 
fruits may undergo chemical changes different from those 
which occur in the orange under similar growth conditions. 
The organic acids are the chief soluble constituents of the 
juice of mature lemons but the sugars predominate in the 
juice of mature oranges. As fruits mature, the free acids 
of lemon juice increase, while those of orange juice 
decrease. Lynch (1942) reported that the percent acid in
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Persian lime juice remained constant during the growth 
periods, but fruit from younger trees showed a greater 
percentage of acid. Percent total soluble 3olids decreased
slightly and similarly during the sampling period in fruit 
from the trees of three different ages.

In oranges change in percent total soluble solids and 
percent acid occurs during fruit growth and development. 
Percentage o£ total soluble solids increases with the fruit 
age, while that of total acids decreases (Bowman, 1956; 
Harding and Sunday, 1949; Harding et al., 1959; Long et al., 
1962; and Sinclair, 1961). Thus, there results an increase 
in the solids/acid ratio. Boxvman (1956) reported that the 
actual amount of acid in the fruit throughout the developing 
stage may be constant.

Postharvest Handling of Limes

The shelf life of fresh fruits is influenced by 
factors during culture, harvesting and marketing. Poor 
growing conditions, improper handling, and delays in moving 
produce through marketing channels can shorten the shelf 
life considerably, Long (1.964) suggested the following 
fen requirements for citrus fruit handling: pick and
handle fruit carefully to avoid injuries; degreen if 
necessary under proper conditions; wash properly to remove 
dirt and residues; apply color as recommended if necessary;

6



apply fungicides to reduce decay according to the official 
FDA tolerance requirements; wax properly to preserve quality 
and improve appearance; and precool and refrigerate promptly 
to reduce decay ana preserve fruit quality.

Postharvest spoilage of fruits is caused by two 
factors, namely, environmental or external conditions and 
internal conditions within the produce itself. The external 
conditions consist of many factors which directly or in­
directly affect the internal conditions. When the fruit 
is harvested, its supply of water and minerals from the 
roots and the photosynthetic products from the leaves are no 
longer available. It has to live an independent life by 
utilising substances accumulated during growth and maturation. 
Oxidative and fermentative activities are still carried on 
within the cells by the cellular enzymatic systems. These 
chemical changes that take place cause deterioration of the 
mature fruit. Hie environmental conditions besides 
microorganisms that cause decay directly or cause decay 
following bruising are temperature, relative humidity, 
atmospheric composition including ethylene gas, and growth 
regulators which play an important role in the control of 
fruit ripening (Biale, 1960; Rose et al., 1943; Ryall, 1965; 
and Smith, 1962).

Diale (1960) stated that citrus fruits exhibit a non­
climacteric pattern of respiration. The rata of respiration 
is lower than that of climacteric fruits such as banana,
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papaya, and mango. If reducing and hydrolyzable sugars 
increase during storage, the increase must take place at 
the expense of cell wall constituents such as pectins and 
hemicelluloses because the mature citrus fruit is devoid 
of starch.

Stage of harvesting
Long (1964) suggested that lime fruit in the early 

stages of maturity on the tree is usually best for storing. 
Fruit of advanced maturity usually does not store well for 
long periods of time. Wardlaw (1933) stated that lime fruits 
should be harvested when they are fuligrown pale green, or 
fullgrown dark green, according to the variety and the length 
of the storage period required. Fruits which are turning 
color should not be used. Eaks (1955), Long (1964), and 
Wardlaw (1933) mentioned that limes must be handled with 
great care at all stages. Eaks (1955) reported that soil 
and atmospheric moisture at the time of picking affected 
the treatments designed to retain the green color of the 
fruit during storage. He mentioned that there are two 
distinct types of rind breakdown: oleocellosis or oil-
gland injury developed within a week after harvest which 
was associated with bruising caused by pressure on the 
rinds, and surface pitting or chilling injury caused by 
low temperatures.

8
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Temperature and humidity

The optimum storage temperature is usually a compromise 
between that which is best for decay control and that which
will avoid pitting. Lewis (1963), Long (1964), and Redit 
and Hamer (1961) recommended temperatures between 48® - 50® F 
for lime storage, while Wardlaw found 45® F to be the best 
temperature. Temperatures lower than 45® F, however, 
induced pitting and stylar end breakdown. The recommended 
range of 48® - 50® F limited the growth of green mold and 
decreased the respiratory activities of the fruit. Relative 
humidity between 85 and 90 percent was most desirable.

Atmospheric composition
The storage life of fruits was prolonged when the 

pressure of air surrounding them was lowered (Burg and Burg, 
1965), Experiments revealed that storage of produce in 
controlled atmosphere is beneficial to a certain extent.
Thus Harvey (1965) concluded that highly perishable, short­
lived crops and fruits that are harvested green and ripen 
after harvest respond to controlled atmosphere. Bananas, 
tomatoes, lettuce, peaches, and strawberries were stored in 
nitrogen atmospheres with promising outcomes. Flavor and 
keeping quality of most commodities were not affected, 
ripening was retarded, and mold growth and decay were 
reduced (Parsons, Gates and Spalding, 1964). Rygg and 
Wells (1962) reported that carbon dioxide eoncentration of 
5 percent is probably suitable for lemons; it delays*



degreening without causing the fruit to become too dark 
yellow or lose citric acid to a great extent. However, on
the basis of available information, they could not recommend 
controlled atmospheres storage for lemons. Salama et al. 
(1965) stated that controlled atmospheres with carbon 
dioxide increased the decay of "Persian'* limes.

Ethylene and fruit ripening
It was mentioned that fruits with the climacteric 

pattern of respiration produce fairly large amounts of 
ethylene, resulting in the color and ripening of the fruit. 
The high concentration of ethylene accelerates the ripening 
of fruits. Its effects in relation to temperature in 
several fruits 1ms been reported (Biale, 1960). Maxie 
et ai. (1965) reported that although many workers did not 
find evidence for ethylene production by lemon fruits, they 
found it in minute amounts (0,11-0.17 ppm) in the internal 
atmosphere of the fruit with highly sensitive gas 
chromatography. Gamma radiation induced ethylene production 
and increased the respiration rate of lemons. Lieberman 
et al. (1964) stated that ethylene production of fruit will 
be suppressed if a proper concentration of ethylene oxide 
ia applied during the pre-climacteric period. It was also 
mentioned that anaerobic conditions and high carbon dioxide 
concentration suppress the ethylene-production system. Sub- 
atmospheric pressures and low oxygen tensions accelerated 
the escape of ethylene and the ripening hormone from fruit
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tissue, thus inhibiting ripening (Burg and Burg, 1966).

Weight losses
Moisture loss from the rind is the main cause of 

weight loss in lemons (Rygg and Harvey, 1959). Ryall (1960, 
1965) stated that principal factors which affect moisture 
loss are cooling rate, atmospheric humidity, air movement, 
and character of the fruit itself. Moisture loss is slow 
when the vapor pressure in the product and in the surrounding 
air are nearly equal. Most commodities may be protected 
from moisture loss by maintaining the relative humidity of 
the air at near saturation, by rapid cooling of refriger­
ated products, wax coating of the surface in order to 
reduce moisture permeability, and using vapor-resistant 
packaging materials with the appropriate size and number of 
ventilating holes. Newhall and Grierson (1955) said it was 
economically feasible to use wax to obtain high and 
persistent gloss and good shrinkage control on citrus fruits. 
Smoot et al. (1960a) mentioned that control of moisture loss 
in oranges in polyethylene packaging has some advantage if 
the fruit is treated with a fungicide and it is refrigerated. 
Harding (1955) reported that Florida grapefruit stored in 
polyethylene bags developed off-flavors unless they were 
sufficiently ventilated by holes in the bags. Commodities 
with high respiration rate and water vapor production re­
quire a plastic film capable of transmitting GOg and water 
vapor at a high rate, where the respiration rate is ‘low, a
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low transmission rate is required (Scott, 1966). Hayward 
et al. (1961) observed that the Florida legal minimum of 
72 holes of 1/4 inch diameter per 5-pound polyethylene bag
seems to be a good compromise between adequate ventilation 
and. bag strength. Kaufman (1956) suggested the use of 
sixty“four 1/4 inch perforations per 5-pound bag for 
oranges in order to obtain less decay and less weight loss 
with negligible shrivelling. A recommendation of 80 holes 
per 5"pound bag was made by Grierson (1960).

Decay control
Loss from decay is an important economic factor in the 

marketing of fresh citrus fruits. The major loss is caused 
by diseases which take a heavy toll in the packing house, 
in storage, in transit, and in the hands of retailers and 
consumers. Market diseases of limes have been described in 
USDA Misc. Publ. No. 498 (Rose et al., 1943). Long (1964) 
reported that most of the decay during the marketing period 
was caused by four species of fungi. Stem-end rot is 
caused by either Diplodia natalensis Pole-Evans or Phomopsis 
eifcri Faw., and fruit decay by Penicillium digitatuxa Sacc. 
and j?. italicum Wehraer. Rose et al. (1951) stated that 
other rots of the citrus fruit stem end are caused by fungi 
other than the two previously mentioned. Phomopsis citri 
also causes melanose. The disease usually develops from 
latent infections that took place while the fruit was on 
the tree. The moot prevalent mold is green mold, ^
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PeriiciIlium digitatua. Blue mold, P. italicum, was reported 
to invade first, causing decayed areas, followed by in­
fection of green mold which eventually becomes predominant. 
These two organisms gain entrance into fruit through 
wounds and bruises. Therefore careful handling is an 
important control measure.

Intensive research on pootharvest decay control of 
citrus fruit has been conducted. Smoot at al. (1960b) 
stated that since 1946, about 3,000 fungicidal and 
fungistatic compounds for inhibition of postharvest decay 
have been tested. Hopkins and Loucks (1956), Rygg et al. 
(1962), and Grierson et al. (1965) reported that biphenyl 
(diphenyl), a fungistat which is impregnated in paper pads 
can reduce decay in lemons and in oranges when low ventila­
tion cartons are used. A widely used chemical called 
Bowieide A (sodium o-phenyl phenate) with the addition of 
hexamine for the control of decay in oranges caused by 
stem-end rot organisms and mold is recommended by Hopkins 
and Loucks (1951, 1956). Harding et al. (1951) and Long 
(1964) suggested that Bowieide A-hexamine treatment of 
citrus fruit supplemented with biphenyl pads offers an 
excellent method of controlling decay in stored fruit.
Smoot and Melvin (1963) reported that immersion hot-water 
treatment at about 127.5°F for 5 minutes almost completely 
reduced postharvest decay of non-ethylened Pineapple and 
Valencia oranges.

13



Growth regulators
Growth regulators to control ripening ana maturity may 

find their greatest use in the postharvest period. Many 
publications (liitchell and Marth, 1944; Hatton, 1958; Bums 
et al., 1964; Kitagawa et al., 1966) revealed that growth 
regulators affect the rate of ripening of fruits. Mitchell 
and Marth (1944) found that the rate of ripening of fruit 
with 2,4-D applied as a spray or dip to harvested fruit 
stimulated the ripening of banana, apples and pears but 
had no discernible effect on fruit with low starch reserves 
such as persimmons, tomatoes, and peppers. It appears that 
the diastatic activity in the high-starch fruit is 
accelerated along with a conversion of insoluble pectin to 
the soluble forms, which is indicated by the decrease in 
resistance of the tissue to pressure. The increased rate 
of ripening caused by 2,4-D in treated fruits is accompanied 
by a subsequent increased rate of spoilage. Pentser and 
Heinze (1954) reported that the rate of ripening of 
harvested oranges was unaffected by 2,4-D application.
Stewart (1949) and Stewart et al. (1952) pointed out that 
preharvest spray of 2,4-D on lemons, grapefruit, and 
Washington Navel oranges resulted in an increased storage 
life of the fruits as compared with fruits of nonsprayed 
trees. In the prestorage treatments, 2,4-D of various 
concentrations from 100 to 1,000 ppm was added to wax 
emulsion for application on lemons. The storage life of
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the lemons thus treated was extended. This increase in 
storage life resulted mainly from a decrease in the amount 
of fruit develop ring black buttons (blackened calyx, internal 
Alteraaria rot, and external decay. They indicated that 
when 2,4,5-T was used, it was more effective in increasing 
storage life than 2,4-0. They also observed that 2,4,5-T, 
in particular, and 2„4»D to a lesser extent, delayed the 
development of yellow color in the rind during storage.
After 2-1/2 months of storage bio-assays indicated that no 
residue could be detected on fruit treated with 1,000 ppm
2,4,5-T in the isopropyl or butyl e3ter form. However, a 
residue was found when the triethanolamine form of 2,4,5-T 
was used at 200 ppm.

Florida Persian limes were treated x^ith 2,4,5-T in 
wax in order to delay degreening and thus to extend market 
life (Hatton, 1958). It was found that the limes treated 
with 1,000 ppm 2,4,5-T and stored for eight weeks at 50°F 
consistently retained more green color than other treat­
ments. The chemical was also effective in keeping all the 
buttons intact, Rodrigues et al. (1964) noted that pre­
storage treatment of freshly harvested green limes with 
indole propionic acid at 1,000 and 2,000 ppm, and indole 
butylic acid at 1,000 and 2,000 ppm in wax emulsion 
containing 12% solids, retarded color changes and rate of 
respiration, and improved the storage life of the fruit.
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Trials of gibberellie acid (GA) sprays on Bearss or 
Persian limes 2 to 5 weeks before harvest indicated that 
in addition to the increased yield with a higher percentage 
of larger~sized fruit, the fruit remained greener longer 
than the control, and the harvesting period could be delayed. 
The preharvest sprayed fruit also had a longer storage life 
(Bums et al., 1964). Kitagawa et al. (1966) reported 
that gibberellic acid at 50, 100, and 200 ppm sprayed on 
leaves of bearing persimmon shoots 3 days before harvest 
greatly increased the storage life of the fruit and also 
extended the period of harvest on the tree. GA retarded 
fruit enlargement, maturation, ripening, coloration, 
senescence of the fruit, and tree defoliation. Coggins 
et al. (I960), end Coggins (1966) deduced that GA3 spray 
was beneficial to oranges. It was undesirable for its 
marked delay in loss of chlorophyll pigments from the rind 
in orange. This phenomenon, however, was beneficial for 
liiue3. They mentioned that gibberellic acid delays aging 
and softening of the rind of oranges which is the problem 
of the second half of the harvest season. Pesticide spray 
oil increases the susceptibility of navel oranges to water 
spot. Preharvest spray of GAg can reduce this loss. Fruit 
from trees treated with gibberellic acid are less susceptible 
to rind staining. This compound also reduces the development 
of the internal breaks in the rind. They reported also that 
fruit size, fruit shape, rind thickness and juice quality 
have not been affected by these treatments.

16
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MATERIALS AND METHODS

There were two parts to these investigations; the 
first one was to determine the fruit development of the 
Kusaie lime, and the second one was to study changes on 
keeping quality of the Mexican lime under different post­
harvest treatments.

Experiment 1. Fruit Development of Lime,
€.. aurantifolia (Christm.) Swingle

The first objective of this experiment was to study 
the development of lime fruit which involved both physical 
and chemical changes. The second objective was also to 
determine the optimum stage for harvesting. Kusaie lime 
trees were used for the investigation since no satisfactory 
Mexican lime trees were available. The following data were
obtained and recorded each week for the growing fruit:

1. The length and the diameter
2. The weight and the juice percentage
3. Percent total soluble solids
4. Percent total acid
5. Total soluble solids/total acid ratio
At the dates of peak bloom, lime flowers were tagged 

(Fig. 1). Three Kusaie lime trees were used, one each 
from the yards of Mr, W. G. Pool, Mr, M. A. Silva,' and 
Dr. R. M. Warner (Fig. 2, 3, and 4 respectively). These



trees bloomed heavily between March and May in 1966.
When the fruits were of sufficient size to yield extractable 
juice, the fruit sample consisting of six random fruits was 
harvested. Thereafter, similar samplings were made at one 
week intervals until the fruits had developed color on more 
than 50% of the rind. Fruits from Mr. Silva's tree in 
Moilili were first harvested on May 12, 1966, and those 
from Mr. Pool's and Dr. Warner's in Aina Haina on July 14, 
1966.

Fruit dimensions from each tree were determined 
individually with a vernier caliper in cm. The fruits 
from each tree were compositely weighed in grams, and cut 
trarisversly into halves. A common hand juicer was used 
for young and small fruits and a heavy duty juice extractor 
was used for the larger ones. The unextractable part in­
cluding peel, pulp and seeds was weighed, and juice per­
centage was calculated. The measurement of total soluble 
solids was made with a hand sugar refractometer, and the 
reading was corrected for temperature. The total acid was 
titrated against 0.3125 N sodium hydroxide solution and 
calculated as anhydrous citric acid. The titration procedure 
as described by Soule and Lawrence (1958, 1959), and 
Sinclair (1961) was used.

18



Fig. !. Kusaie lime flower and young fruit,

Fig. 2. Kusaie lime tree P.
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Fig. 3. Kusaie lime tree S.

Fig* 4. Kusaie lime tree W.
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Experiment 2. Postharvest treatments and the keeping
quality c£ limes.

Materials
1. Mexican limes of market grade were obtained from 

Molokai1 (Fig. 5)
2. Paper bags and perforated polyethylene bags 

(twenty-four 1/4 inch holes/bag)
3. Dowicide (sodium o-phenyIphenate)
4. 2,4,5-T (2,4,5-trichlorophenoxy acetic acid- 

acid form), it was prepared as a stock solution 
at a concentration of 1 gm. of the compound in 
100 ml of 50% ethyl alcoholic aqueous solution

5. Citrus wax, product code 7040, containing 
approximately 12% solids emulsion

6. Citrus wax, product code 7220,3 similar to 
product code 7040 except that it contains 1% 
Bowieide A

7. Equipment end chemicals listed for Experiment 1
8. Refrigerator maintained at 45 °F with a relative 

humidity of approximately 90%

These limes were kindly donated by Mrs. Pearl Friel 
for this research.

nSupplied by The Bow Chemical Company.
-^Supplied by S. C. Johnson aid Son, Inc., and Hawaii 

Farmers Co-operative Association.
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Fig. 5. Orchard on Molokai, source of
Mexican limes for storage study,



This experiment was a 16 21 5 factorial with 80 
treatments.̂  Each treatment consisted of two composite 
samples which contained 8 fruits each. The total number 
of fruits used was 1 6 x 5 x 2 x 8 °  1,280.

Source of variation d.£.
Weeks (Wk) 4
Treatments (Tr) 15
(Wk) x (Tr) 60
Error 30
Total 159

Duncan's multiple range test (LeClerg et al., 1962) 
was employed following analyses of variance.

Limes were picked on Wednesday August 10, 1966 and 
shipped in bags in the evening from Kaunakakai, Molokai to 
Honolulu by barge. They were received the following morning 
and were culled, classified, and counted. The limes which 
weighed 98 pounds included 639 small fruits, 770 medium,
146 large, and 169 culls. Rind and stem end injured fruits 
as well as yellow ones were classed as culls.

The fruit was assigned with uniform distribution of 
sieg and color in composite samples of 8. Ten samples were

■^Design according to Table 12.8.3, p. 353 (Snedecor, 
G.W. 1956. Statistical Methods. The Iowa State University 
Press. 535 p.). v



assigned to each treatment. All treatments were applied 
in the evening and the storage periods started immediately 
thereafter. The treatments were as follows:

1. Untreated fruit in open paper bags (open 
storage) (€■]_)

2. Untreated fruit in closed perforated polyethylene 
bags <c2)

3. Wax treatment by dipping the fruit in citrus wax, 
product code 7040, and stored in open paper bags
<w:l)

4. Wax treatment the same as 3, but in closed 
perforated polyethylene bags (W2 )

5. Fungicide treatment (Dowicide A) by dipping the 
fruit in 1% Dowicide A aqueous solution for 1 
minute, and stored in open paper bags (F^)

6. Fungicide treatment the same as 5, but in closed 
perforated polyethylene bags (F2 )

7. 2,4,5-trichlorophenoxy acetic acid treatment by 
dipping the fruit in a 1,000 opm solution for 1 
minute. The treated limes were stored in paper 
bags (Tx)

8. 2,4,3~T treatment the same as 7, but in closed 
perforated polyethylene bags (T2 )

9. Wax and fungicide treatment in which fruits were 
dipped in citrus wax, product code 7220, and 
stored in paper bags (WF^)
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10. Wax and fungicide treatment the same as 9, but 
in closed perforated polyethylene bags (WF2 )

11. Wax and 2,4,5-T treatment in which limes were 
dipped in wax emulsion containing a mixture of 
citrus wax, product code 7040, and 2,4,5-T stock 
solution in a ratio of 9:1 by volume. Treated 
fruits were stored in paper bags (WTp)

12. Wax and 2,4,5-T treatment the same as 11, but in 
closed perforated polyethylene bags (WT2 )

13. Fungicide and 2,4,5-T treatment. The fruits were 
dipped for 1 minute in a solution containing 
about 1% Dowicide A and 1,000 ppm 2,4,5-T. The 
treated limes were stored in paper bags (FT^)

14. Fungicide and 2,4,5-T treatment the same as 13, 
but in closed perforated polyethylene bags
<f t2)

15. The treatment with the combination of wax, fungi­
cide, and 2,4,5-T. Limes were dipped in this 
mixture which consisted of 9 parts of citrus wax, 
product code 7220 and 1 part of 2,4,5-T stock 
solution. Treated fruits were stored in paper 
bags (WFT-,)

16. The treatment with the combination of wax, fungi-
>

cide and 2,4,5-T the same as 15, but in closed 
perforated polyethylene bags (WFT2 )
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All limes dipped in solutions were allowed fco dry on 
newspaper. The weight of each replicate was recorded and 
the fruit was moved to the refrigerator. After storage
periods of 2, 4, 6, 8, and 10 weeks, the samples from
each treatment were transferred from the refrigerator to 
room temperature and the moisture condensation allowed to 
dry before the following data were taken:

1. Weight and percent weight losses
2.. Number of decayed fruit
3. Number of detached buttons
4. General appearance
5. Percentage of yellow color developed in the

rind using the following scale: 1 53 0-20%,
2 » 21-40%, 3 “ 41-60%, 4 - 61-80%, and
5 - 81-100%

6. Juice weight
7. Percent total soluble solids
8. Percent titratable acid

Procedure for no. 6, 7 and 8 was described in Experiment 1.



RESULTS AND DISCUSSION

Fruit Development o£ the Kusaie Lime

Developaient of the lime fruit begins after pollination 
and fertilisation. The flowers occur in clusters and 
accompany a flush of vegetative growth. The ovary begins 
rapid growth following fertilisation. Within 8 weeks 
after fruit set they attain about half their maximum length 
and diameter and reach full size in about 25 weeks (6 
months).

Fruit size development
The average size of limes obtained from each tree 

varied to a certain extent due to tree size, tree health, 
and climatic conditions. Pope (1923 and 1934) reported 
the largest fruits harvested were 6.3 cm in diameter. In 
this study the largest fruit measured 4.7 cm in diameter 
and 4.7 cm in length. Growth curves of fruit size, both 
diameter and length, are shown in figures 6, 7, and 8.
The increase in size is more rapid when the fruit is less 
than 12 weeks old. Immediately after fertilization, the 
fruit grows rapidly by successive divisions of cells 
(Biale, 1954). At approximately 21 weeks the length of the 
fruit increases at a slower rate than the diameter. There 
is apparently no increase in size after the fruit is around 
25 weeks old. The correlation between the two dimensions was
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Fig. 8. Fruit development of Kusai lime tree S.



highly significant; 0.994, 0.991, and 0.750 respectively
Ifor the three trees P, S, and W.

Fruit weight and percent juice
Fruit weight of limes increased steadily and at a 

faster rate than the fruit size. The rate of increase in 
fruit weight is very similar to that of grape berries which 
also show a greater increase in weight than in volume during 
the later periods of growth. In the apple, however, fruit 
volume increases more rapidly than fruit weight (Leopold, 
1964) since 25% of the "finished" apple is composed of air 
spaces.

The increasing rate of lime fruit weight results from 
increase in percent juice. Fruit weight and percent juice 
of tree W (Fig. 7) were greater than those of tree P (Fig.
6) and tree S (Fig. 8). Tree W was healthier and more 
vigorous than the other two trees, and it received supple­
mentary irrigation during periods of low rainfall. These 
are important factors for increasing yield, fruit size, and 
juice content (Sinclair, 1961.; Ziegler and Wolfe, 1961).

When the fruit was 25 weeks old, the percent juice 
curves leveled off or showed a tendency to decline (Fig. 6, 
7, and 8). There was a sharper increase in fruit weight 
from the 27th week in fruits from tree W (Fig. 7). This

■̂ P a Mr. Pool's tree S “ Mr. Silva's tree 
W “ Dr. Warner's tree



was perhaps caused by a precipitation of 7.3 inches during 
the 26th week, followed by more rain in the weeks following
in the area where tree W was grown. However, the data of 
rainfall for the other two were not available.

Total soluble solids and acid
The percent total soluble solids and percent acids 

show only small variations after the 12th week (Fig. 6, 7,
3) When the fruit is young, less than 10 weeks, it has a 
higher percentage of total soluble, solids and lower percent 
acid (Fig. 8). A gradual decrease of both percent total 
soluble solids and percent acid was shown in Fig. 6 and 7. 
However, after the 10th week the total soluble solids/acid 
ratio of fruits from the three trees was nearly constant 
at about 1.1 to 1.3. The decrease in percent of total 
soluble solids in limes during the growth period is the 
reverse of that in oranges where it increases as the fruit 
matures (Lynch, 1942; Bowman, 1956; Harding and Sunday,
1949; Harding et al., 1959; Long et al., 1962; and Sinclair, 
1961). The percent acid in lime juice also decreases 
slightly as the season advances. However, it does not 
decrease greatly during the rapid increase in percent juice. 
The actual amount of acid evidently increases as the per­
cent juice increases. Fruits from tree S (Fig. 8) had a
higher concentration of acid than those from tree P or

\

tree W (Fig. 6 and 7). The fruit weight and percent juice
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from tree S were less than those of the other two, but the 
amount of acid per fruit was almost equal among them when 
the fruits were of the same age.

Harvesting stage
The first indication o£ fruit maturity occurs when the 

dark green rind color starts turning lighter. This stage 
was reached at about the 25th week in all 3 trees. After 
the 25th week the rate of change in fruit size, percent 
total soluble solids, and percent acid remained almost 
constant in the three trees. It would be advantageous to 
harvest Kusaie limes not Later than the 25th week from 
date of bloom (Fig. 9) in order to avoid attacks by fruit 
flies, and to retain the green rind color which is 
desirable for storage and marketing (Wardlax*, 1933; Manley 
and Godx;in, 1960 and 1962; Long, 1964). Pope (1923) found 
that the mature Kusaie lime contained 6.75 percent citric 
acid, 9.0 percent total solids which are both lox?er than 
values found in this study, but he reported higher weight 
and percent juice.

Effects of Postharvest Treatments on the 
Keeping Quality of Mexican Limes

The experiment involved the effect of various treatments 
on the extension of storage life of limes. The objective of 
this study was to develop a prestorage treatment that would
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Fig. 9. Mature green Kusaie limes at the 
stage recommended for harvest.



minimize weight loss, reduce storage decay, retain the 
green color of the rind, and maintain the fruit quality. 
Citrus wax, Dowicide A, 2,4,5-T, and perforated polyethylene
bags were used. During this experiment, August 11 to 
October 20, 1966, the electrical service was turned off 
four times for approximately 3 hours each time. Two of 
them were on August 23 and 24 curing the first two-weeks, 
one was on August 31 during the second two-weeks, and the 
last one was on September 25 during the fourth two-weeks.
The storage temperature rose to as high as 50°F and the 
relative humidity fell to 30 percent each time the 
refrigerator was off. A few hours were required to bring 
the temperature and relative humidity back to the proper 
levels, once service was restored.

Weight losses
Samples were removed and analyzed at two week intervals 

up to 10 weeks. The mean percent weight loss of the 
treated limes is presented in Table 1. The weight losses 
increased with storage period and the loss was highly 
significant between each two week period.

Limes treated with wax, fungicide (Dowicide A), and
2,4,5-T, and stored in perforated polyethylene bags (treat­
ment WFT2) lost the least weight, followed in increasing 
order of weight loss by wax 5- polyethylene bags, wax + 
fungicide in polyethylene bags, and wax 9- 2,4,5-T in
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Table 1. Mean of percent weight losses (2 composite 
samples) for each of 30 treatments in a 
16 x 5 factorial experiment on limes stored 
at 43°F

Treatmentsa 2
Weeks of 

4 6
storage 
S 10 Means**

C1 3.3 7.1 6.7 11.4 14.8 8.69 g
g2 0.3 2.2 5.6 7.6 8.2 4.88 cdefwf 2.7 3.4 4.3 5.8 7.4 4.82 cdef
v?2 1.7 2.5 3.3 4.8 6.1 3.77ab
F1 2.3 5.8 9.0 11.4 15.0 8.82 gF? 1.4 3.7 5.3 6.3 6.6 4.65 bcde
T{ 3.6 5.9 9.9 12.0 14.8 9.26 gTo 2.5 3.4 6.3 3.0 8.8 5.77 fWFT 2.5 3.9 4.3 6.0 8.6 5.16 def

wf2 1.7 2.4 3.9 4.4 6.6 3.SlabWTi 2.3 3.5 5.1 6.7 8.8 5.37 def
WT 2 1.8 2.6 4.0 4.7 7.0 4.01abcFT-, 3.8 6.8 9.8 11.4 16.0 9.56 g
FTJ 1.5 2.6 4.8 6.5 6,6 4.38 bedWFT-i 2.6 4.0 5.4 6.4 9.5 5.52 ef

w f tJ 1.5 2.3 3.3 2.5 4.9 3,02a

Means** 2.32v 3.91w 5,79x 7.24y 9.06g

1 *= paper bag, 2 = perforated polyethylene bag,
C control, W 532 v?ax, F =• Dowicide A, T = 2,4,5-T.

Means not followed by the same letter are 
statistically different at the 1% level as 
measured by Duncan's multiple range test.



polyethylene bags. These losses ranged from 3.02 to 4.01V
per cent, the difference not being significant. In every 
treatment the weight loss was greater at a highly significant 
level when stored in paper bags than in perforated poly­
ethylene bags. The weight loss of waxed limes stored in 
paper bags was about equivalent to unwaxed limes in 
perforated polyethylene bags.

The mean percent weight loss of the control in paper 
bags (C1) was 8.69, fungicide treated (Fj.) 3.82, 2,4,5-T 
treated <Tl) 9.26, and fungicide + 2,4,5-T treated (FTP 
9.56. Only the last (FT^) was significantly higher than 
the check (Cp at the 5% level. The interaction between 
the fungicide and 2,4,5-T may have caused some breakdown 
of the rind which facilitated dehydration of the fruit.
These same treatments on waxed fruit in paper bags were in • 
the intermediate weight loss range, but again the combined 
fungicide, 2,4,5-T, and wax (WFT-̂ ) treatment caused greater 
weight loss than either by (WF^) or (WT^)•

Perforated polyethylene bags altered the effect of 
Dowicide A and 2,4,5-T interaction so that treatment FT2 
was not in the highest weight loss range among non-waxed 
fruits. When waxed (WFT?), however, the fruits had the 
lowest mean percent weight loss. These results are in 
agreement with those of studies on other citrus fruits 
(Kaufman, 1956; Ryall, 1960 and 1965; Long, 1964) which 
indicated that weight losses of citrus fruit could be



reduced by wax coatings and also storing the fruits in 
properly perforated plastic bags.

Juice content
In this study, juice yield in all treatments was high, 

ranging from 45.6 to 51.3 percent (Table 2). Percent juice 
increased with the increase in storage time. It was also 
noticed that treatments with high weight loss also had high 
percentage of juice. The rind of these fruits became 
shrivelled as a result of desiccation of the albedo layer. 
Most of the weight loss of the fruit was from this tissue 
with limited losses from juice and other unextractable parts. 
Mathematically, percent juice increased but juice content 
probably remained the same or decreased slightly. The 
increase in percent juice with time in storage was similar 
to the data obtained in a study of lemon storage and 
reported by Rygg and Harvey (1959). They also found the 
same trend in percent weight loss in storage as found here 
with limes.

Most, of the waxed treatments had lower percent juice. 
This was related to the lower weight loss than unwaxed 
limes. This was also true for limes stored in the perforated 
polyethylene bags. It was noted that treatment in 
which the limes were Dowicide A”treated and stored unwaxed 
in paper bags, had the highest juice percentage. The 
rinds of these fruits were desiccated and shrivelled. 
Fungicide*"'treated fruits stored unwaxed in perforated
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Table 2. Mean of percent juice (2 composite 
samples) for eacli of 30 treatments 
In a 16 x 5 factorial experiraenfc on 
1 lines stored at 45°F

Weeks o£ storage
Treatmentsa 2 4 6 3 10 Means*3

G1 43.6 47.9 51.5 50.4 52.4 49.1 bed
c2 42.6 50.7 52.1 52.8 53.8 50.4 cdW1 41.4 45.6 48.0 50.9 45.0 46.2 aWo 41.2 50.4 49.2 45.0 45.5 46.3 a
Fi 41.3 48.0 52.2 54.5 51.8 49.7 bed
$2 42.1 49.4 50.6 51.6 51.8 49.1 bed
Ti 43.4 51.3 53.6 53.2 55.1 51.3 cl
t2 41.3 50.5 53.2 53.4 53.2 50.4 cd

WFi 38.0 47.8 47.1 49.1 45.3 45.6 a
wf2 39.2 52.6 48.2 51.4 44,8 47.3 abc
WTi 39.6 49.1 47.3 48.0 48.0 46.5 3.WTo 42.6 48.5 47.4 47.2 50.0 47.1 abFTi 42.7 53.2 51.2 52.4 50.0 49.9 bed
ft2 44.0 50.1 49.0 51.8 50.5 49.1 bed

WFT, 43.5 51.8 51.8 50.2 49.4 49.3 bed
wft2 45.2 51.3 49.8 49.8 50.2 49.4 bed

Means0 42.Ox 50.Oy 50.2y 50.7y 49.3y

1 *=» paper bag, 
C “ control, W 
T - 2,4,5-T.

2 -
“ wax,

perforated polyethylene bag, 
F 83 Dowicide A,*

DMeans not followed by the same letter are 
statistically different at the 1% level as 
measured by Duncan's multiple range test.



polyethylene bags had only slightly shrivelled rinds.
The analysis of variance (Appendix Table 2) showed

that there was no interaction between time of storage and 
treatments on juice content of limes; however, the difference 
in percent juice among sampling periods (weeks) was signif­
icant at the 1% level, and also among treatments.

It was found by comparison of means among weeks 
(Table 2) that only percent juice of the second week was 
highly significantly different from other weeks, Comparison 
of means among treatments shows that wax treated limes were 
in the low percent juice range 45,6 (treatment WF^) to 47.3 
(treatment V?F̂  ) percent and were not statistically different, 
except fox” treatments vJFTand WFT2 • The last two treat­
ments were in the intermediate percent juice range contain­
ing 49.3 and 49.4 percent, were different at 1% level from 
the low range group mentioned above.

Rind color
In most of the treatments the rind color changed from 

green to yellow when limes were stored up to ten weeks 
(Table 3). The rate of color change was influenced by 
time and by treatments. The experiment showed that limes 
treated with 2,4,5-T retained their green rind color 
better than those not so treated. Wax also played an 
important role in delaying degreening. The rate of color 
change was faster in treatments with no wax and no 2,4,5-T 
than with treatments incorporating these materials. * The
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Table 3. Mean of scored rind color:a (2 composite 
samples) for each of 83 treatments in a 
16 x 5 factorial experiment on limes stored 
at 45 °F

Treatments^ 2
Meeks of 
4 6

storage
8 10 Means0

Cl 2.5 3.5 4.5 4.5 5.0 4.0 de
C2 3.5 3.0 4.5 5.0 5.0 4.2 e
W 1 2.5 2.0 2.5 4.0 5.0 3.2 be2.0 2.5 4.9 3.5 4.5 3.3 beF 2.5 4.0 4.0 5.0 5.0 4.1 de
F2 2.5 3.0 4.5 5.0 5.0 4.0 deT-, 1.0 2.5 3.0 4.0 4.5 3.0 abc
*2 1.0 2.0 4.0 4.0 4.0 3.0 abcWFi 2.5 3.0 3.5 4.0 5.0 3.6 cde

WFo 2.5 3.0 3.0 4.5 4.5 3.5 cd
w t ; 2.0 2.0 2.0 2.5 4,0 2.5 a
WT2 2.5 2.5 2.0 3,0 3.5 2.7 abFT-a 3.0 3.5 4.5 4.5 5.0 4.1 de
f t ; 2.0 4.0 4.5 5.0 5.0 4.1 deWFTf 2.0 3.0 3.5 3.5 4.5 3.3 be

WFTj 2,0 3.0 3.0 4.5 5.0 3.5 cd

Means0 2.25w 2.91wx 3.56xy4.16yz 4.66s
3.1 indicates 0-20% yellow on fruits, 2 a 21-40%,
3 « 41-60%, 4 «= 61-80%, 5 « 81-100%.
1 “ paper bag, 2 ® perforated polyethylene bag,
C “ control, W °» wax, F =* Dowicide A,
T » 2,4,5-T.
cMeans not followed by the same letter are statistical­
ly different at 1% level as measured by Duncan’s 
multiple range test.

______



yellow color of the rind appears as a result of the dis­
appearance of chlorophyll in the chloroplasts of the peel 
which masks carotenoid pigments already there. The 
destruction of chlorophyll is by the activity of 
chlorophyllase, which is also necessary for the formation 
of the chlorophyll. This enzyme is present in all green 
tissues; 2,4,5-T probably reduces the activity of this 
enzyme.

The effect of Dowicide A may be antagonistic to that 
of 2,4,5-T. Limes treated with Dowicide A or Dowicide A 
■f 2,4,5-T lost their green color faster and more completely 
than other treatments regardless of whether they were 
stored in paper or perforated polyethylene bags. However, 
was: application retarded the action of these chemicals.

Unwaxed limes treated with 2,4,5-T, or Dowicide A, or
2,4,5-T + Dowicide A developed slightly mottled yellow- 
green appearance after the 6th week of storage. This may 
have been caused by an uneven distribution of the chemicals 
on the rind since they were mixed into the wax which served 
as carrier, spreader, and coating agent. These results 
agree with those of studies conducted on lemons and Persian 
limes reported by Stewart et al. (1952) and Hatton (1958).

Analysis of variance indicated that there was a 
highly significant difference among weeks. The rind color 
change was not significantly different between two-week 
periods, but it was between every four-week period,%or



when the storage time va3 longer than four weeks. The 
interaction between time and treatments, and the difference 
among treatments were found to be highly significant.

Button retention and decay of fruits
Limes treated with 2,4,5-T (Table 4) retained 

practically all buttons. Those treated with wax, wax and 
fungicide, and fungicide in perforated polyethylene bags 
still had buttons attached to the fruit after 10 x?eeks. In 
the control treatments, however, after 10 weeks all the 
buttons had fallen off. It is well-known that 2,4,5-T 
and auxins can control the abscission of fruits.
Abscission layer will form where the auxin content of the 
fruits is low; therefore, an application of 2,4,5-T acted 
as an exogenous auxin addition to the limes. Limes, which 
were not treated with 2,4,5-T still retained soma buttons.
They apparently had sufficient endogenous auxin to control 
abscission.

In some treatments buttons started to shed after the 
fruits were stored for 4 weeks, and the shedding increased 
with storage time. Highly significant differences in the 
number of detached buttons were found among limes stored 
4, 6, and 8 weeks. There were also highly significant 
differences among treatments and their interactions with 
time ox storage (weeks).

Fruit decay was not a serious problem in this experiment. 
The 3torage temperature was maintained at approximately 45°F
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Table 4. Mean of 2 composite samples of the 
number of buttons detached from 
limes for each of 80 treatments in 
a 16 x 5 factorial experiment stored 
at 45°F

Weeks of storage
Treatmentsa 2 4 6 8 10 Means,b

0 .5 6.5 7.0 8.0 4.4
0 .5 5.5 7.5 8.0 4.2
0 0 0,5 4.0 6.5 2.2 b
0 .5 2.0 3.5 5.5 2.3 b
0 . 5 4.5 7.5 8.0 4.1
0 0 4,5 6.0 5.5 3.2 <
0 0 0 0 0 0 a
0 0 0 0 0 0 a
0 0 0.5 4.5 5.0 2.0 b
0 1 2.0 4.5 4.0 2,3 b
0 0 0.5 0 0.5 0.2 a
0 0 0 0 0 0 a
0 0 0 Au 0 0 a
0 0 0 0 0 0 a
0 0 0 0 0 0 a
0 0 0 0 0 0 a

Si^2
wiH2 
*1 E 2 
Tl
T2WF i 

WFo WTX
wt2
FT i 
FT 2 WFTi WPT2

d
d

Keans^ Ox . 18x 1.62y 2,78z 3.19;:

1 = paper bag, 2 - perforated polyethylene bag,
G 13 control, W = wax, F ~ Dowicide A,T = 2,4,5-T.
^Means followed by different letters are statistically 
different at the 1% level as measured by Duncan's 
multiple range test.



which was not optimum for the growth of disease organisms. 
Decay first occurred after 4 weeks of storage. It occurred 
in fruits treated with wax + Dowicide A and with Dowicide A 
■f 2,4,5-T (Table 5). The decay symptoms were similar to 
those of stem-end rot and blue mold and green mold rots as 
reported by Rose et al. (1943). Decay causing organisms 
were isolated and identified as Phomopsis sp. and 
Peniclllium spp. by Liew (1966).

Even after 10 weeks of storage, the number of decayed 
fruit was small. There was no significant difference in 
the number of decayed fruits from the 4th to the 10th week, 
but there was a significant difference between the 2nd and 
the 8th and 10th weeks. Limes treated with Dowicide A +
2,4,5-T in paper bags (FT-j) had the highest number of 
decayed fruits. Those treated with Dowicide A alone had 
no decay of fruit whether in paper bags or in perforated 
polyethylene bags. However, there was no interaction 
between time and treatment, nor was there any significant 
difference in the number of fruit decayed among treatments 
(Appendix Table 2).

A few waxed limes in perforated polyethylene bags 
had scalded areas on the rind. This condition could have 
been caused by an uneven distribution of wax on the fruits.

Total soluble solids and percent acid
During storage the percent total soluble solids and 

percent acid in the lime juice decreased slightly, Sut the
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Table 5. Mean of 2 composite samples of the number 
of decayed limes for each of SO treatments 
in a 16 x 5 factorial experiment stored at 
45°F

Treatments*1 2
Weeks of 
4 6

storage
8 10 Means

Ci 0 0 .5 0 .5 .2
c9 0 0 0 .5 0 .1
lh 0 0 0 0 .5 .1
W2 0 0 0 . 5 .5 .2
Ft 0 0 0 0 0 0
f2 0 0 0 0 0 0
T -j 0 0 0 .5 0 .1
T2 0 0 0 0 .5 .1

WFi 0 0 0 0 0 0
WF 9 0 .5 0 . 5 0 .2
WTi 0 0 0 0 .5 .1
wt2 0 0 0 .5 0 ,1
FTi 0 .5 .5 .5 0 .3
^ 2 0 0 0 0 0 0

UFTi 0 0 0 0 .5 .1
w f tJ 0 0 0 0 .5 .1

Means'^ 0 ,062xy ,062xy,188y .219y

a1 =« paper bag, 2 1:3 perforated polyethylene bag 
C “ controls W “ wax, F = Dowicide A,
T - 2,4,5-T.

Means not followed by the same letter are 
statistically different at the 5% level as 
measured by Duncan's multiple range test.

1 ^



former had inconsistent fluctuations (Tables 6 and 7). This 
decrease may be attributed to certain physiological 
processes, such as respiration, during the storage period 
similar decrease in the percent total soluble solids and 
percent acid was reported in the studies of lemons in 
storage by Miller and Schomer (1S33) and by Young at al. 
(1962). The latter also mentioned a decrease in ascorbic 
acid.

The decrease in the percent total soluble solids and 
percent acid was statistically different at 1% level among 
weeks, but the interaction between time and treatments was 
not. Duncan's multiple range test showed that there were 
highly significant differences in percent total soluble 
solids only between the 2nd and 6th weeks (Table 6). 
Differences in the mean percent acid between the 2nd, 4th 
and 6th weeks and the 10Ch week, and between the 2nd and 
the 8th and 10th weeks were highly significant (Table 7). 
Some of the differences in total soluble solids among 
treatments were highly significant. The highest percent 
total soluble solids (9.52) was found in limes treated with 
Dowicide A (F^), the lowest (8.89) in fruits treated \*ith 
wax + 2,4,5-T (WT2).

All waxed limes had lower percent total soluble solids 
and percent acid than unwaxed fruits. Waxed treatments 
regardless of containers (W^, U2) had the lowest percent 
acid (8.71) followed closely by WT-̂  (8.73) and WT2 (8,79).
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Table 6. Mean of 2 composite samples of percent 
total soluble solids of limes for each 
of 80 treatments in a 16 x 5 factorial 
experiment stored at 45 °F

Weeks of storage
*atmentsa 2 4 6 8 10 Means0

G1 9.7 9.2 9.5 9.2 9.4 9.41 cde
C2 9.8 9.5 9.2 9.6 9.2 9.47 de
Wl 9.0 9.2 8.6 9.2 9.0 9.0 abc
Wo 9.0 9.0 9.0 9.0 3.9 3.97 ab
F1
f2

9.4 9.5 9.4 9.5 9.8 9.52 e
9.3 9.5 9.2 9.5 9.1 9.32 beds

T1 9.4 9.2 9.2 9.1 9.3 9.26 abede
9.1 9.0 9.0 9.4 9.2 9.14 abode

WFT 9.3 9.3 9.4 9.0 9.0 9.20 abede
WFo 9.5 9.3 9.0 9.0 8.9 9.14 abede
m t 9.2 9.1 9.0 8.8 8.9 9.00 abc
wt2 9.0 8.9 8.9 S.8 8.9 8.89 a
FTj 9.4 9.0 9.4 9.5 9.8 9.42 de
FTo 9.4 9.0 9.1 9.0 9.4 9.17 abode

WFTi 9.5 9.0 9.0 9.0 9.3 9.16 abode
wft2 9.4 9.2 9.0 8.9 9.0 9.09 abed

Means'^ 9.34x 9.19xy 9.12y 9.14xy 9.18xy

al =» paper bag, 2 = perforated polyethylene bags,
C ~ control, W 08 wax, F =* Dowicide A,
T “ 2,4,5-T.
Cleans not followed by the same letter are statistically 
different at the 1% level as measured by Duncan’s 
multiple range test.
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Table 7. Kean of 2 composite samples of percent 
acid of limes for each of 80 treatments 
in a 16 x 5 factorial experiment stored 
at 43 °F

  Weeks of storage
Treatments0 2 ' 6 8 10 Means^

Si l2Wl
? 2 
bTi
'a2WFi

w f 2
WTi
m 2
FT-i
FT?WFTl 

W T 2

9.1 9.4 9.1 9.2 9.0 9,14 abc9.1 9.4 9,4 9.4 9.0 9.26 abc9.0 8.9 8.6 8.6 8.4 8.71 a9.5 8.8 8.6 8.4 8.2 8.71 a9.6 9.5 9.6 9.3 9.3 9.44 be9.3 9.3 9.3 9.2 3.8 9.19 abc9.7 9.1 9.2 9.0 9.0 9.22 abc9.6 9.0 9.1 9.3 9.1 9.23 abc9.6 9.2 9.4 9.0 8.4 9.10 abc9.4 9.1 9.0 8.8 8.4 8.92 ab
9.7 8.6 9.0 8.1 8.2 8.73 a
9.4 8.9 8.9 8.5 3.3 8.79 a
9.9 9.4 9.6 9.4 9.3 9.51 c9.6 9.2 9.4 9.0 8.9 9.22 abc
9.5 9.2 9.3 9.0 8.8 9.15 abc
9.6 9.3 9.0 8.6 S.5 9.00 abc

Means*3 9.48x9.14xy9.14x.y 8.92xyz 8.73z

al 1=3 paper bag, 2 = perforated polyethylene bag 
C c- control, W 53 wax,
F « Dowicide A, T a 2,4,5-T.
Cleans not followed by the same letter are statistically 
different at the 1% level as measured by Duncan's 
multiple range test.



Fungicide + 2,4,5-T in paper bags (FT^) had the highest 
percentage, 9.51, followed by Dowicide A in paper bags 
(Fi) with 9.44. These figures were statistically different 
at the 1% level. The control (C^) was intermediate in acid 
with 9.14 percent which along with most of the other treat­
ments were not significant at the 170 level.

Treatments that resulted in high percent weight losses 
(Table 1) tended to have fruits of both high total soluble 
solids and high percent acid. Those treatments that caused 
low weight losses had fruits of both low percent total 
soluble solids and percent acid such as W2» ^ 1» ^ 2*
1*71"2, and WFT’2 which may have been affected by the vrax. The 
wax could have created a modified atmosphere within the 
fruits. If accumulation of CO2 had occurred and the gas 
stimulated anaerobic respiration, breakdown and degradation 
of soluble solids and acids could result. Evidence 
presented by Young et al. (1962) indicates that lemons 
stored in modified atmosphere of high GO2 concentration 
does bring about significant decreases of metabolizable 
nutrients because of high rates of respiration.

The flavor and aroma of stored limes were also observed 
immediately after the fruits were cut. It should be gener­
ally noted that there were no unacceptable flavor and aroma 
after limes were stored for 10 weeks. Nevertheless, a few 
of the limes in waxed treatments W 2 an^ ̂ 2  developed a 
slight storage flavor. This was probably caused by



acetaldehyde which is an anaerobic respiration product.
Miller and Sehamsr (1938) reported that this product tended 
to increase in lemon flesh during storage.

The soluble solids/acid ratio was calculated but 
no statistical significances were found. The treatment 
mean ratios ranged from 9.98 to 1.03. There was a slight 
increase in this ratio as storage time increased because 
the percent acid decreased faster than total soluble solids 
as the length of storage increased.

Storage at Room Temperature

After an initial storage period of 11 weeks at 45®F
one composite sample of each treatment was held for 1
week, at the average room temperature of 78°F with a relative 
humidity of 73 percent. Limes treated with wax + Dowicide 
A + 2,4,3~T (WFT-^, VTFTg) gave the best results. The 
fruits were still fresh in appearance, and the rind color 
was almost yellow, but greener than that of other treat­
ments (Fig. 10). Limes treated with Dowicide A + 2,4,5-T 
and stored in paper bags, did not have any protection 
against moisture loss. The rind became dry and turned 
completely brawn (Fig. 11). These fruits also developed 
off flavors.

From the data presented above, it is seen that the
optimum pre3torage treatment for storage of Mexican limes
io one which allows the least weight loss, controls *decay,
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gives good appearance to the fruit, enhances button 
retentive capacity, and allows the least losses in percent 
total soluble solids and acid. St is difficult, if not 
impossible, to find such an ideal treatment. However, the 
following 2 treatments have given satisfactory results in 
perforated polyethylene bags at 45®Fs Wax Dowicide A 
and wax -f Dowicide A -r 2,4,5-T. Both wax and Dowicide A 
have been cleared for use on limes by the U*S. Federal 
Food and Drug Administration^- but 2,4,5-T is not cleared 
for use on this fruit.

^Published in the Federal Register and reported in 
N.A.C. news and pesticide rev. 1967. 25(37) :5.
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Fig. 10. Mexican limes treated with Dowicide A,2,4,5-T and coated with wax. Stored for 11 
weeks at 45°F, followed by 1 week at room 
temperature; 8 fruits on left stored in 
paper bag; fruits on right 3tored in 
perforated polyethylene bags

Fig. 11. Mexican limes treated as in Fig. 10, but 
with no wax added; fruits on left stored 
in paper bag; fruits on right stored in 
perforated polyethylene bags.



SUMMARY

Studies of fruit development of Kusaie limes were 
made between March 24 and December 1, 1966. A tree in 
each of 3 different locations was the source of fruits 
for these investigations. The fruits attained about half 
of their length and diameter 8 weeks after bloom, and 
reached full size in about 25 weeks. The fruit at this 
stage was 4.2 cm in width, 4.1 cm in length and 40.0 g in 
weight with 51.2 percent juice.

The weight of fruit increased steadily and at a faster 
rate than the fruit size during the growing period. Fruits 
from a healthy, vigorous tree that received good cultural 
care ’were heavier and contained more juice than those from 
poor trees.

Young lime fruits had a high percentage of total 
soluble solids and low percent acid. In general, percent 
total soluble solids and percent acid decreased gradually, 
with the latter inci'easing slightly during a short period 
in the early stage of fruit growth. Large, heavy and very 
juicy mature fruits did not contain as high a percent acid.

The optimum harvesting stage in order to have high 
acid fruit and green rind color for Kusaie lime is 21 to 
25 weeks after bloom.

The experiments on the effects of postharvest treat­
ments on the keeping quality of Mexican limes were 
conducted between August 11 and October 20, 1966. ^he



sixteen treatments used in the studies were stored at 45®F 
at 90 percent relative humidity. After 2, 4, 6, 8, and 10 
weeks of storage, samples were taken out for determinations 
of weight losses, decayed fruit incidence, number of 
detached buttons, changes in rind color, general appearance, 
juice yield, and percentages of total soluble solids and 
ac id.

The results indicate that limes treated with wax + 
Dowicide A 4- 2,4,5-T and stored in perforated polyethylene 
bags (WFTg) had the lowest weight loss. Fruits treated 
with Dowicide A + 2,4,5-T and stored in paper bags sustained 
the greatest weight loss. Fruits treated with wax +
Dowicide A and stored in paper bags had the lowest percent 
juice, those treated with Dowicide A and stored in paper 
bags had the highest percentage. Those treated with wax + 
fungicide + 2,4,5-T and stored both in perforated poly­
ethylene bags and paper bags were in the intermediate range 
of juice content.

Wax and 2,4,5-T treatments delayed degreening. After 
10 weeks of storage, however, fruit from all treatments were 
practically yellow. During short periods of storage, there 
was no significant difference in the number of decayed 
fruits among the treatments, but prolonged storage periods 
(8 -10 weeks) caused significant differences in decay among 
the treatments. All buttons were retained on limes treated 
with 2,4,5-T. This chemical caused a slightly mottled
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yellow-green appearance on the rind when wax was not used.
Percent total soluble solids and percent acid in lime 

juice decreased slightly during storage between 2 and 10 
weeks. Fruits in treatments which induced high percent 
weight losses tended to have both higher percent total 
soluble solids and higher percent acid than those in 
treatments which induced low weight losses.

Flavor and aroma of limes stored at 45®F were not 
affected after 10 weeks.

Unwaxed liiues treated with Dowicide A + 2,4,5-T and 
stored in paper bags for 11 weeks at 45°F, followed by 1 
week stored at room temperature developed dry brown rinds. 
When fruits were subjected to the same fungicide 4- 2,4,5-T 
treatment and stored in perforated polyethyene bags, or 
when wax was incorporated in the treatment and the fruit 
stored either in paper bags or perforated polyethylene 
bag3, these desication symptoms did not appear.

This study indicates that the most suitable treatment 
for storage of Hawaiian grown Mexican limes is that of 
wax + Dowicide A and stored in perforated polyethylene 
bags at 45°F with 90 percent relative humidity.

56



A P P E N D I X



57

APPENDIX

Table 1. Analyses of variance of data of percent 
weight loss, percent juice, and rind 
color change of limes

Source of 
variation D.F.

Percent 
weight loss, 
M.S.

Percent
juice,
M.S.

Rind color 
change, 
M.S.

Weeks (Wk) 4 242.20** 428.56** 29.49**
Treatments (Tr) 15 45.54** 31.57** 2.93**

(Wk) x (Tr) 60 3.23** 6.60 NS .460**
Error 80 0.63 6.17 .231

** Significant at 1% level. 
NS Not significant.

%
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Table 2. Analyses of variance of data of detached 
buttons and fruit decay of limes

Source of 
variation D.F,

Detach buttons,
M.S.

Fruit decay, 
M.S.

Weeks (Wk) 4 71.69** 0.275**
Treatments (Tr) 15 29.84** 0.073 NS

(Wk) x (Tr) 60 5.32** 0.075 NS
Error 80 0.34 0.106

** Significant at 1% level. 
NS Not significant.
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Table 3. Analyses of variance of percent
total soluble solids, percent acid, 
and percent total soluble solids/percent 
acid ratio of lixae3

Source of 
variation D.F.

Total soluble 
solids,
M.S.

Percent acid 
M.S.

Total" ----
soluble
solids/acid,
M.S.

Weeks (Wk) 4 0.235** 2.472** 0.0170 NS
Treatments (Tr) 15 0.358** 0.749** 0.0026 NS

(Wk) x (Tr) 60 0.063 NS 0.061 NS 0.0145 NS
Error SO 0.093 0.168 0.0213

** Significant at 1% level.
NS Not significant.
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