
to the system are that the cells are exposed to low concn. of 

the chemical abscission agents for a longer period of time. 

Such a binding and slower uptake would account for the 

sustained ethylene production observed by Holm and Wil 

son (14) when a similar 3-way combination that differed in 

concn. was applied to 'Valencia' oranges. 

Uptake of 14C-Release with Sweep was not any greater 

than the control in April and May, thus the use of other 

adjuvants in the 3-way combinations might have been just as 

effective. However, 3-way combinations with the others were 

not investigated. 

This and earlier work indicates that a minimum of 4 to 

8 hours without rain is required for good absorption of 

abscission chemicals for fruit loosening in the field. Rainless 

absorption time for Release for good efficacy is longer than 

for Acti-Aid (4, 15). High temperatures (33°C) and medium 

relative humidity levels (50 to 65%) result in the best up 

take of Release during the months of harvest in April and 

May (13). Lower efficacy would be expected from spraying 

in the evening when temperatures drop and RH tends to 

increase, often resulting in dew which may collect and drip 

from the orange, thus removing the active chemical agent 

with it. Optimal times for spraying in April and May will 

probably fall between 10 a.m. and 3 p.m. during the day. 
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Abstract. Equilibrium moisture content of dried citrus 

pulp cattle feed was measured for different relative humidity 

(RH) levels at 25C. Storage of dried pulp and pellets at 

8.8% moisture in atmospheres between 30 and 100% RH 

resulted in re-equilibration of moisture contents from 6 to 

29%. In a constant 52% RH atmosphere at 25°C, both loose 

pulp and pellets reached an equilibrium moisture content of 

9 to 10% within 2 to 5 days. Drying rate curves at 100°, 

130°, and 155°C were obtained for feed mill press cake and 

showed constant drying rates between 73 and 25% mois 

ture. A falling rate was apparent from 25% down to about 

3% moisture. Particle size distributions of press cake, fines, 

and dried pulp are also included. Particle size distributions 

were similar when comparing the press cake with the whole 
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dried pulp. Both fractions had a significant proportion of 
particles distributed between 2.2 to 6 mm with a small pro 
portion in the 1.5 mm range. 

Data from a Florida statistical report (10) indicated that 
over one million tons of dried citrus pulp and pellets were 

produced during the 1977 season. This important by-product 
is vital to the function of the Florida citrus processing in 
dustry and to many livestock producers worldwide. 

Citrus peel residue, in its wet state, contains 80 to 85% 
water and is readily fermentable. The difficulty of handling 
this material necessitates dehydration to a low (10%) mois 
ture content. But if proper precautions are taken to main 

tain dry conditions, the product may be handled, stored, and 
shipped in a manner similar to other dry feedstuffs. 

Some physical properties of dried citrus pulp have been 

studied. Ross and Kiker (9) and Ross and Boots (8) meas 

ured bulk density, void space, moisture equilibrium, com 
pressibility, and other properties in studies which reported 
design data for citrus pulp handling and storage facilities. 
An earlier study by Bissett and Veldhuis (I) reported the 

effect on citrus pulp moisture equilibrium caused by mixing 
different amounts of citrus molasses with the pulp. 
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The present investigation was conducted to provide in 

formation concerning drying rates, particle size distribution 

and citrus peel residue, and some basic physical properties 

of dried citrus pellets. Moisture equilibrium data for dried 

loose pulp and pellets are also provided. This data should 

be useful to processors and engineers concerned with citrus 

pulp quality and energy conservation during manufacturing 

and handling. 

Experimental 

Drying rate. Drying rate curves were obtained using a 

laboratory oven operated at dry bulb air temperatures of 

100°, 130°, and 155°C under natural convective conditions. 

Approximately 25 to 35 g samples of feed mill press cake 

were placed in open aluminum moisture dishes and weighed 

on an electronic balance each 10 min until no further weight 

loss was apparent. 

Particle size. U. S. Standard screens No. 1, 4, 6, 8, 10, 14, 

20, 30, 40, 50, and 70 were used to sieve commercial samples 

of press cake, dry peel, meal, and dust. Results are presented 

as wt % of sample retained on a particular screen vs. size 

of the opening. 

Equilibrium moisture. Commercially dried citrus pulp 

and pellets, 0.635 cm (1/4 inch) and 0.953 cm (3/8 inch) 

diameter were weighed in glass petri dishes and placed in 

desiccators containing appropriate saturated salt solutions 

to control the relative humidity of the atmosphere, then 

placed in an environmental chamber at 25 °C. Sample sizes 

20 to 25 g were used so that the sample surface area did not 

exceed the surface area of the liquid in the desiccator. Salt 

solutions in the desiccators and the corresponding relative 

humidities were taken as follows from solutions suggested by 

Rockland (7): magnesium bromide (31%), magnesium 

nitrate (52%), sodium chloride (75%), barium chloride 

(90%), and distilled water (100%). Once each day (or in 

terval), the desiccators were opened, the glass top placed on 

the petri dish; the sample was weighed quickly and returned 

to the chamber. The initial moisture contents of the samples 

were determined by vacuum oven (12 hr, 60°C). 

Results and Discussion 

Particle size. Uniform particle size is important during 

dehydration. If large pieces are present, drying conditions 

must be altered to include longer drying times; while, fines 

and dust which dry rapidly may contribute to product 

losses and air pollution problems. Fig. 1 illustrates a typical 

particle size distribution of some feed mill pulp fractions. 

50 r 

2 345 67 8 9 

PARTICLE SIZE, mm 

12 13 

The distribution of the wet press cake and the dried pulp 
were similar, in that a fraction of the particles were about 

1 mm with another fraction distributed in the 2 to 5 mm 

range. The major particle distributions of the meal and 

dust portions of the fines were below 1 mm. 

Drying rate. Drying rate curves (Fig. 2) at 100°, 130°, 

Fig. 1. Particle size distribution of citrus press cake, dried pulp, meal, 

and dust. 
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Fig. 2. Drying rates at 100°, 130°, and 155°C for citrus press cake. 

and 155°C for press cake indicate constant drying rates at 

the 3 temperatures from 73% down to about 25% moisture. 

Below 25% moisture, a falling rate was observed. These 

results can be interpreted to mean that pulp water removal 

below 25% is more difficult. In general, an analogous rela 

tionship has been shown to exist between the falling-rate 

moisture periods and Newton's heating and cooling equa 

tions (2, 3). The moisture (M) relationship is expressed as 

M-Me_ 

MrMe 

with 0, time, and subscripts e and i representing equilibrium 

and initial states. Using the data from Fig. 2 less than 25% 

moisture content, 2 distinct falling rate periods were noted 

on a semi-log plot, Fig. 3. A breakpoint occurred between 

0.1 and 0.2 moisture ratios for the 3 dryer temperatures. The 

k value, represented by the slope of the semi-log plots in-

increased with high temperatures. Also, the drying rate con 

stant was less for the 2nd falling rate period. A proper 

modification of the drying process might be to perform de 

hydration in 2 stages, a processing procedure which at one 

time was practiced in the citrus industry and had yield and 

quality advantages over single stage drying, as stated by 

Kesterson and Braddock (6). As applied, 2-stage drying 
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Fig. 3. Moisture ratio vs. drying time of falling rate drying of press 
cake below 25% moisture. 

could be accomplished by having one stage for the constant 

rate and a second during the falling rate period. The second 

falling rate is not encountered in commercial practice. 

Equilibrium moisture. Moisture equilibrium of loose 

dried citrus pulp at 60% RH, 26°C has been shown to occur 

at about 11 to 12% moisture (9). Other research has shown 

this equilibrium to take about 2 to 3 weeks (1). For a sample 

of loose commercial pulp, it can be determined from Fig. 4 

that above 75% RH at 25 °C, moisture equilibrium does, 

25r 

0 6 8 10 

TIME, DAYS 

12 14 16 

Fig. 4. Moisture equilibrium of citrus pulp at 25°C and 31, 52, 75, 
90, and 100% RH atmospheres. 

indeed, occur in approx 2 weeks. However, less time was 

required at lower relative humidities (31 and 52%) and 

equilibrium moistures near the initial moisture content of 

the product (8.8%). This time difference is expected be 

cause the driving force would be lower with lower RH in 

the storage atmosphere. 

The equilibrium moisture content was fitted to the gen 

eral relationship developed by Henderson (4). 

1-RH = exp-ATabsMB 

108 

with T in °R and M expressed as decimal. A and B are ex 

perimentally determined constants. At 25°C, these values 

were A, 4.4 x 10~5; B, 1.789 for dried peel and A, 4.4 x 10"5; 

B, 1.702 for pellets. These were in the range Henderson and 

Perry (5) found for other biological materials: A range of 

0.6 x 10-4 to 3.1 x 10-7 and B from 1.0 to 3.0. Using the above 

values for A and B, one can predict the equilibrium mois 

ture (M) of pellets given absolute temperature (Tabs) and 

relative humidity (RH) of the storage conditions. Equi 

librium moisture content for storage at extreme tempera 

tures should be checked, since the equation was developed 

for 25°C. 

Our results (Fig. 5) indicate that above 75% RH at 

25°C, equilibrium had not occurred within 28 days. Mold 

growth in the pellets at 90 and 100% atmospheres com 

menced after 28 and 25 days, respectively. No mold growth 

occurred within 28 days in the other samples. The samples 

at 31 and 52% RH appeared stable within 1 week. 

30t 

ioo % 
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75 % 

2 4 6 6 10 12 14 16 18 20 22 24 26 28 30 

TIME, DAYS 

Fig. 5. Moisture equilibrium of citrus pellets at 25°C and 31, 52, 75, 
90, and 100% RH atmospheres. 

Interpreting the results presented in Figs. 4 and 5, it 

could be said that in order to maintain the moisture content 

of dried citrus pulp as pellets in the range of 10 to 12%, 

contact with air of greater than 50 to 60% RH at 25°C 
(77°F) should be minimized. 

Other properties. Because of the lack of published in 
formation on citrus pellets, we have included some data 
related to 2 different sized pellets (Table 1). The bulk 

density of pellets is approximately twice the value for loose 

Table 1. Some properties of citrus pellets relating weight, area 
volume. 

and 

Property 

Pellets/kg 

Area (cm2/pellet) 

Area (cms/kg) 

Pellet vol (cms/kg) 

Bulk density (kg/ms) 

% void space2 

Pellet 

0.64 cm 

1500 

4.5 

7000 

1010 

625.8 

63.3 

diam 

0.95 cm 

1400 

4.6 

6500 

1070 

577.6 

60.4 

z% void space determined by the method described by (9). 

pulp described by Ross and Kiker (9). The % void space 
reflects the compaction effect occurring as a result of 

pelletizing. Savings in energy cost for handling and shipping 

occur as a result of manufacturing pellets because of a 

large decrease in volume. There is also some space advantage 
to making pellets with greater bulk density. 
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Abstract. A method for determining the yield and jelly 

grade of pectin in freshly extracted citrus peel and dry 

pomace is outlined. A flow diagram shows the necessary 

steps. The importance of the steps as well as critical control 

points are discussed. This method may be used to determine 

the amount of pectin in citrus peel so that the citrus processor 

can decide either how much peel to make into pectin pomace 

or how much to make into cattle feed. 

The estimated annual worldwide production of pectin 

is approximately 7,250 metric tons, approximately 60% of 

which is produced from citrus. California produces approxi 

mately 30% of the world's supply.2 The citrus processing 

industry in Florida annually produces over 779,000 metric 

tons of dried citrus peel, mainly orange and grapefruit, for 

use as cattle feed (7). Currently, none of this peel is being 

made into a more valuable product, pectin pomace, which 

would yield 20-30% pectin (4). However, some of Florida's 

lemon and lime peel is being leached and dried into pectin 

pomace which is then transported to Europe for manufac 

ture into pectin. This is an expensive way to make pectin 

because of the high cost of transportation and handling. 

A pectin plant operating in Florida, extracting pectin 

from fresh rather than dried pomace, could be expected to 

produce approximately 13% more 150 grade pectin (2). 

Today, there is not sufficient demand for all of Florida's 

citrus peel to be made into pectin but a significant amount 

could be profitably made into pectin, and there are prospects 

for an increasing demand for pectin. Researchers are investi 

gating the physiological benefits of consuming larger 

amounts of pectin in the diet (8). If additional research sub 

stantiates that pectin significantly lowers serum cholesterol 

in humans, then there may be a large increase in the demand 

for citrus pectin. 

In addition, there were many people in the citrus indus 

try who felt cattle feed would have no market if Florida ever 

produced more than a million short tons. However, we have 
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exceeded that figure and cattle feed is selling at a higher 

price than ever. The point being that demand predictions 

are based to an extent on increases in current supplies and 

are difficult to make. 

This paper was written to provide citrus processors and 

other interested persons with a method of evaluating the 

potential economic value of the pectin found in fresh citrus 

peel and pomace. 

Experimental Method 

Materials. Fresh citrus peel from the juice extraction 

process, taken as quickly as possible, or leached and dried 

peel (called pectin pomace) were used for the experimental 

analyses. Chemicals were reagent grade and the isopropanol 

was checked for metal contamination. Tap water was used 

in the leaching step and distilled water in the extraction 

step. The apparatus used to test the jellies is described (5). 

The word 'peel' collectively refers to both the fresh peel 

and pectin pomace. 

Method. The procedure for evaluating the yield and 

quality of pectin from citrus peel is outlined in Fig. 1. This 

figure shows an overview of the steps involved and the ap 

proximate amounts of peel needed for each step. A detailed 

description of this method including the necessary ap 

paratus, reagents, and step by step instructions, as well as 

example calculations and typical data sheets is available 

from the authors (3). 

Discussion 

Total solids in fresh peel. It is important to start the 

analysis with a known quantity of fresh peel because this 

will be used in calculating the yield of 150 grade pectin on 

a fresh peel basis. The percentage of total solids found in 

the fresh peel indicates how much soluble solids, pectin, and 

'other' components besides water are in the peel (Fig. 1). 

After the fresh peel has been leached, pressed, and total 

solids determined, then the amount of soluble solids re 

moved by leaching can be calculated as a difference. 

The more soluble solids that are leached from the peel, 

the greater will be the yield of pectin from a given weight 

of peel. However, the larger amounts of soluble solids 

leached from the peel will place a greater load on the waste 

treatment facility. See reference (1) for a more complete dis 

cussion of leaching and utilization of the leach water. 

In evaluating pectin pomace, the leaching step has al 

ready been done during manufacture, so it is necessary only 

to determine the percentage of total solids in the dry 

pomace. 
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