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ENZYME INFUSION PROCESS FOR PREPARING 

WHOLE PEELED CITRUS FRUIT I 

This invention relates generally to processes for 

peeling fresh citrus fruit and, more particularly, to such 

processes that utilize the infusion of a pectinase enzyme into 

the peel of the fruit. 

An example of a pectinase enzyme-infusion process 

of this particular kind is described in u.s. Patent Nq. 4,284,651 

to Bruemmer. In the described process, washed citrus fruit such 

as oranges and grapefruit are initially heated to a surface 

<temperature of about 40 to 60 degrees C and a core temperature 
.. .. 
of about 20 to 40 degree&C, after which the peel surface of the 

fruit is scored so as to penetrate the fruit's albedo or white 

layer, but not penetrate the fruit's juice segments. An aqueou~ 

solution of a pectinase enzyme is then vacuum infused into the 

fruit's albedo, at a vacuum of about 25 to 30 inches of mercury. 

After incubating the fruit for a period of 15 minutes to 2 hours, 

at a temperature of about 30 to 60 degrees c, maintained by 

application of external heat, the peel and other menibrane 

material are removed from the fruit and the exposed fruit 

segments are separated from each other, with most of the segment 

membranes remaining intact. The fruit segments can then be 

refrigerated for extended durations, while substantially 

retaining a fresh fruit flavor and appearance. 

,,..-·--
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.:' .. ·· The. process described briefly above has proven ,. . . 
t·~ be·~: gen~·rally satisfactory in providing individual fruit 

~egments ~aving a substantially fresh fruit flavor and 
. .. : :. 

a·ppeara'.nce.::~· There is a need, however, for a process whereby 
~ .... • i 

fr.uit :.);emains whole during the peeling process rather than 

tendirnr to 'become segmented. Maintenance of the fruit in a whole 

state-.during the peeling process facilitates more rapid removal 
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of the peel and perm·its mechanization of the process. In 

addition, such peeled whole fruit can be attractively packaged 

and sold for applications, such as "cartwheel" (i.e., transverse) 

slicing, to which segmented fruit does not readily lend itself. 

Peeled whole fruit also eliminates the problem of the loss of 

separated segments that are damaged and/or carry adhered albedo. 

The process described briefly above - which clearly appears to 

have been designed specifically to produce fruit· segments - has 

not been satisfactory in reliably providing such peeled whole 

fruit. 

It should, therefore, be appreciated that there 

is a need for an improved process for enzyme peeling fresh citrus 

fruit, which is effective in providing peeled whole fruit, with 

ease in peeling and little adhering albedo. The present 

~invention fulfills this need • 
.. .. 

SUMMARY OF THE INVENTION 

The present invention resides in a process for 

peeling fresh citrus fruit, in which a pectinase enzyme solution 

is infused into the fruit peel in a way that enables the peel to 

be removed with little adhered albedo while maintaining the 

membrane that keeps the fruit whole. The process of ·the 

inventiQn achieves these improved results by chilling the fruit 

before infusing the pectinase enzyme and maintaining the core of 

the fruit at a relatively low temperature during remainder of the 

peel removal process. Because the only application of heat is 

to warm the enzyme solution prior to infusion, this process also . ._. ..... 
significant~y red~ces production costs and conserves energy. 

I .. 
j ':.·~~ 

. fai ~::-~ore ·particularly, the process of the invention 

ir~cludes cl:~~: init;ial step of maintaining the core and surface 
. . . \~ . .::·, 
temperatur~s of the fresh citrus fruit at a temperature of less 

than about ~o-@eg~ees c. The peel surface of the fruit is then ' ....... . 
broken_,·· e.g.,:. scored, so as to penetrate the fruit's albedo 

layer," but not its juice segments. An aqueous solution of 
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:;>ectinase enzyme at a temperature of about 35 degrees C is then 

vacuum- or pressure-infused into the scored fruit, ~fter which 

the fruit is held in the aqueous solution without application of 

additional heat for a prescribed duration, to allow the pectinase 

to break down the pectin present in the albedo. During the 

holding period, the pectinase enzyme solution cools while the 

temperature of the core slowly rises to a temperature no greater 

than about 25 degrees c, so that any pectinase that reaches the 

core will have lost much of its· effectiveness, and the membranes ' 

that connect together the segments of the. fruit will remain 

largel¥ intact. The fruit peel can then be readily removed 

without disturbing the segment membranes, to yield the peeled 

whole fruit. Operating at these lower temperatures also reduces 

the degree of refrigeration required later to lower the fruit's 

temperature to that required for subsequent storage and shipping, 

typically about 2 degrees c. 
<. 

Other features and advantages of the present 

invention will become apparent from the following description of~ ~ 

the preferred process, which illustrates, by way of example, the 

principles of the invention. 

DESCRIPTION OF THE PREFERRED PROCESS 

The invention resides in a process for preparing 

whole peeled citrus fruit from fresh unpeeled citrus fruit using 

an aqueous solution of a pectinase enzyme. The solution is 

infused into the albedo, or white layer, of the citrus fruit 

peel, to break down the pectin contained in the albedo and 

thereby to facilitate an easy removal of the peel. Pectinase 

becomes effective at elevated temperatures, beginning generally 

in range of about 20 to 25 degrees c, with peak efficiency at 

about 45 to 50 degrees c. Pectinase is a natural product of mold 

growth and is approved for food use by the United States Food and 

Drug Administration. Pectinase is commonly used conunercially in 

a variety of food applications, such as clarification and 

stabilization of fruit juices. The process of the invention can 
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be used particularly effectively with Valencia and navel oranges, 

grapefruit and lemons. 

In an initial step of the process, the core and 

surface of a batch of fresh citrus fruit are chilled to a 

temperature of less than about 10 degrees c. The peel of the 

fresh citrus fruit is then scored or otherwise broken so as to 

barely penetrate the peel' s thick albedo layer, but not to 

penetrate any of the underlying fruit segments or- segment 

membranes. For example, the fruit can each be scored into six 

substantially equal-sized wedge sections, extending from the stem 

to the blossom end. Many other ways of breaking the peel also 

are suitable, including- scoring the peel with a single- or 

multiple-ring pattern or a spiral pattern, and even grating or 

randomly scratching the peel. In particular, where the fruit is 

's:.cored by means of an equatorial slit, peel removal can more .. 
easily be accomplished mechanically, and the resulting 

hemispherical peel shells can readily be packaged and processed 

for secondary product utilization. .. 

The scored fruit are then placed in an aqueous 

solution of pectinase enzyme, preparatory to the infusion. NOVO 

Pectinex SXL is one ·suitable pectinase enzyme, and it can be used 

at a concentration of 1000 ppm, i.e., 1.0 milliliter per liter, 

in tap water. Another suitable pectinase is NOVO Pectinex Ultra 

SP, and it can also be used at a concentration of 1000 ppm, i.e., 

1.0 milliliter per liter, in tap water. It will be noted that 

throughout this discussion, enzyme manufacturer names are sh:own 

fully capitalized, as in "NOVO". This is for the convenience of 

practitioners seeking to obtain pectinase enzymes necessary to 

practice the teachiags herein given. 

The concentration of -the pectinase enzyme used 

may vary somewhat. In practice, it has been observed that 

consistently successful peeling of early season, fresh citrus 

fruit requires higher enzyme concentration, due to the fact that 

citrus peels tend to loosen naturally as the harvest season 
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progresses. Thus, the concentrations given above ar~ average 

seasonal values. Early in the season the concen:tration must 

often be doubled, while toward the end of the season it may often 

be halved. 

The pectinase enzyme solution, at an initial 

temperature of about 35 degrees c, is infused into the scored 

fruit using either a vacuum process or a pressure process. In 

the case of a vacuum infusion, the fruit and enzyme soLution are 

placed together in a vacuum chamber and a vacuum of 25. to 30 

inches of mercury is then applied, to draw off air from the fruit 

peel. Releasing the vacuum then infuses the enzyme solution into 

the minute sp~ces in the peel previously occupied by air. A 

medium-sized orange (size 113) typically will draw in about 30 

milliliters of the enzyme solution • 

In the ·case of pressure infusion, on the othe·r 

hand, the fruit and enzyme solution are placed together in a 

pressure chamber, and a series of positive pressure pulses, e.g ... ,~ 

six to ten, is applied to the chamber. The pressure pulses 

preferably each have a pressure ·of about 20 to 40 p.s. i., 

relative, and a duration of about 15 seconds. The pressure 

pulses are separated from each other by periods of o p.s.i., 

re-lative, having durations of about 5 seconds each. Pulsing the 

pressure is believed to cause the fruit peel to flex, which helps 

to work the enzyme solution throughout the peel. 

The pectinase enzyme-infuse~ . _fruit are then 

removed from the vacuum or pressure chamber.and held in unheated 

storage tubs, still immersed in the enzyme solution, for about 

20 minutes to about.90 minutes. As in the case of concentration 

of enzyme in the aqueous solution, the duration of this holding 

period tends to decrease during the harvest season. Early in the 

season, the range may be from about 30 minutes to about 90 

minutes (depending on the nature and condition of the particular 

fruit}, while at the end of the season, the range may be from 

only about 20 minutes to about 60 minutes. 
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This holding period allows the enzyme solution 

to cool, and the pe~l and albedo to warm to approximate 

equilibrium with the peel and albedo, at. a relatively steady 

state temperature where the pectinase enzyme begins to be 

effective in the peel/albedo region. However the duration of 

holding is insufficient for the core to warm to a temperature 

where the pectinase is as effective. This allows the enzyme to 

break down the pectin in the fruit•s albedo, but does not allow 

the enzyme to break down ~e pectin in the membrane connecting 

together the segments of the fruit. The fruit peel can 

thereafter be readily remove~ with only minimal amounts of albedo 

clinging to the whole fruit and without the separation of the 

segments of the fruit. Because of the lack of damage to the core 

membranes, the whole peeled fruit maintains its structural 

integrity, and may therefore be peeled rapidly and, preferably, 

, mechanically without substantial loss of product from tearing and 
' . ~epar!tion. 

In accordance with· the invention, great+y~ 

enhanced production of whole peeled citrus can be realized if the 

entire process is performed at temperatures substantially lower 

than those previously used to produce citrus segments. In 

particular, it has been found that chilling the fruit to well 

below room temperature (i.e., well below 20 degrees C) prior to 

enzyme infusion results in an improved ease in peeling and in a 

reduced amount of adhering albedo. Processing the fruit at these 

lower temperatures also eliminates the need for special heating 

apparatus of the fruit and reduces the degree of refrigeration 

required later to lower the fruit's temperature to that 

ordinarily called for in storage and shipping, i.e., typically 

about 2 degrees c. This significantly reduces the complexity and 

cost of the process, reduces energy consumption and increases 
safety. 

Although the range of temperatures and duration 

of storage in the enzyme solution vary somewhat according to the 

nature and condition of the fruit, as discussed above, the 
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preferred temperatures are a pre-infusion chill temperature to 

about 5 to 8 degrees c and.an enzyme application temperature of 

about 35 degrees c, with the fruit cores allowed to slowly rise 

to a final temperature of only about 24 degrees c . 

.. 
Since fruit conditions and enzyme activity vary, 

even these preferred parameters are only approximate, hence.the 

common use of the term "about". Some experimentation, well 

within the skill of the ordinary practitioner, may be-necessary 

to fix the exact parameters for any particular batch of fruit, 

within the teachings herein set forth. 

The improvements in peeling without the 

segmenting of the fruit are shown by Examples 1-6, set forth 

below. In these examples, the size number refers to the number 

' of fruits contained in a California Standard container of 
'· ' 
approximately 16-3/8. by 10-11/16 by 10-1/4 inch inside 

dimensions. 

EXAMPLES 1-3 

Examples 1 to 3 correspond generally with the 

process described in u.s. Patent No. 4,284,651 to Bruemmer. In 

examp.le 1, twelve size-48 navel oranges were preheated in a water 
bath at-128 degrees F (53.3 degrees C) until their interior core 

temperatures reached a range of 68 to 80 degrees F (20 to ~.7 '-" . degrees C). The oranges were then removed from the water bath 

and scored into sections, deep enough to reach the albedo but not 

damage the ?range flesh. The preheated, scored oranges were then 

infused· with 1000 ppm NOVO Pectinex Ultra SPL solution, at 68 

degrees F (20 degrees C), and the oranges were then incubated in 

an oven at 91.4 degrees F (33 degrees C) for one hour. After 

peeling, five of the twelve oranges began to segment. 

In example 2, twelve size-48 navel oranges were 

preheated in a water bath at 122 degrees F (50 degrees C) until 

their interior core temperatures reached a range of 77 to 78 
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degrees F (25 to 25.6 degrees C). The oranges were removed from 

the water bath and scored into sections, deep enough to rea.ch the 

albedo but not damage the orange flesh. The preheated, scored 

oranges were·· then infused with 1000 ppm NOVO Pectinex Ultra SPL 

solution at 70 degrees F (21.1 degrees C). After infusion, the 

oranges were removed from the solution and incubated in an oven 

at 89.6 degrees F (32 degrees C) for one hour. After peeling, 

six of the twelve oranges began to segment. 

In example 3, twelve size-48 navel oranges were 

preheated in a water bath at 115 degrees F (46.1 degrees C) until 

their interior core temperatures reached 69. 8 degrees F ( 21 

degrees C). The oranges were then removed from the water bath 

and scored into sections, deep enough to reach the albedo but not 

damage the orange flesh. The preheated, scored oranges were then 

._ infused with 1000 ppm NOVO Pectinex Ultra SPL solution at 74 

degrees F (23.J degrees·c). Th~ oranges were then incubated in 

an oven at 95 degrees F (35 degrees C) for one hour. After . . 
peeling, five of the twelve oranges began to segment. 

EXAMPLES 4-6 

Examples 4 to 6 correspond to the method of the 

presen~ invention. In example 4, twelve size-48 navel oranges 

were hel.d in a cooler at 40 degrees F (4.4. degrees C). When 

removed from the cooler, the oranges had a core temperature of 

approximately 55 degrees F (12.8 degrees C). The peels of the 
. . 

oranges were then_ perforated and the oranges infused with 1000 

ppm NOVO Pectinex Ultra SPL solution at a temperature of 95 

degrees of (35 degrees C). The oranges were left standing in 

this solution for one hour, unheated, and at.the end of the hour 

had an average interior core temperature of 75 degrees F (23.9 

degrees C). After peeling, all twelve of the navel oranges 

remained whole. 

In example 5, twelve size-48 navel oranges were 

removed from a cooler at 40 degrees F (4-4 degrees C), at which 
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time they had a core temperature of approximately 49.6 degrees 

F (9. 4 degrees C). The peels of the oranges were then perforated 

and the oranges infused with 1000 ppm NOVO Pectinex Ultra SPL 

solution at a temperature of 96 degrees F (35.6 degrees C). The 

oranges were left standing in the solution for one hour, 

unheated, after which time the average inner core temperature was 

72.9 degrees F (22.7 degrees C). After peeling, eleven of the 

oranges remained whole, and one navel orange broke into sections, 

possibly due to the fact that it was found to have been severely 

freeze damaged and thus dry. 

In example 6, twelve size-48 nave~ oranges were 

removed from a cooler at 40 degrees F (4.4 degrees C), at which 

·time they had an average core temperature of 46. 3 .. degrees F (7. 8 

degrees C). The peels of the oranges were_ then perforated and 

the oranges infused with l.000 ppm NOVO Pectinex Ultra SPL 

.-. solution at a temperature of 96 degrees F (35.6 degrees C). The 

6ranges were left standing in this solution for one hour, 

unheated, after which time the average inper core temperature was 

72.8 degrees F (22.6 degrees C). After.peeliRg, all twelve oj: ~ 

the navel oranges remained whole. 

Table 1 summarizes these results showing the 

number of navel oranges from each example that segmented after 

being peeled. 

Example No. 

1 
2 
3 

4 
5 
6 

Table 1 

Navel Oranges Out 
of 12 That Segmented 
When Peeled 

5· 
6 
5 

0 
1 
0 

Examples 1-3: Bruemmer method, U.S. Pat. No. 4,284,651. 

Examples 4-6: Method of the present invention. 

-
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It will be appreciated that the method of the 

present invention provides peeled whole fruit that ~emain intact 

and do not break apart readily into their .constituent sections. 

A significantly higher proportion of fruit processed according 

to the invention remain intact, as compared with fruit processed 

according to known prior techniques. This difference in 

segmentability seems to be directly related to the inner core 

temperature of the fruit. Prechilling the fruit, as in the 

present invention, insures that infused pectinase that reaches 

the fruit core will have reduced effectiveness and thus be unable 

to attack the segment membranes sufficiently to cause the fruit 

to break apart into segments on its own. 

Extensive experimentation was also carried out 

to test various readily available pectinase enzymes in terms of 

~their ability to promote easy and clean peeling of grapefruit, 

ahd togcompare the texture of the resulting peeled fruit. 

Three separate crite-ria ·were applied:• ·• 
Peelability, Albedo Remaining and Texture. A score of 1 (best) 

to 5 (worst) was applied to each individual criterion, which were 

added to generate an over-All Score for the particular enzyme 

tested. The results are summarized in Table 2. 
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Table 2 

Enzyme Peelability Albedo Texture Over-All 
Remaining Score 

GENENCOR 4 4 2 10 
219 

GENENCOR 2 3 5 10 
HS 

GENENCOR 1 2 2 5 
1902 

ROHM DSL 1 2 4 7 

NOVO Spark-L 4 4 4 12 

ROHM Rohapect 3 3 4 11 
TF 

ROHM Rohapect 4 4 5 13 
MAC 

~. «. It should be noted that while GENENCOR 1902 . 
showed the best overall results, this product is still in the 

experimental stage and consequently not yet in full production. . .. . .., ., 
Therefore, ROHM DSL is presently the most acceptable of the 

readily available pectinase enzymes for use in the fruit peeling 

process of the present invention. 

Al though the invention has been described in 

detail with reference to its presently preferred process, it will 

be understood by one of ordinary skill in the art that various 

modifications can be made without departing from the invention. 
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CLAIMS: 

1. A process for preparing whole peel~d citrus fruit, 

comprising steps of: 

maintaining the core and surface temperatures of 

fresh citrus fruit at a temperature of less than about 20°C; 

breaking the peel surface of the fruit so as to 

penetrate the albedo layer, but not penetrate the juice 

sect.ions; 

disposing an aqueous solution of pectinase into 

the fruit; 

holding the fruit for a prescribed time period, to 

allow the pectinase to break down the pectin present in the 

albedo layer, whe~e~n the temperature of the core of the 

15 fruit remains continuously below a·temperature of about 

25°C; and 
.... 

removing the peel from the fruit. 

2. A. process according to claim 1 in which the step 

of disposing is performed by vacuum infusion of the 

20 solution. 

3. A process according to claim 2, wherein the fruit 

are held in the step of holding for about 20 minutes to 

about 90 minutes prior to the following step of removing. 

4. A process according to any one of .the preceding 

25 claims, wherein the step of holding includes a step of 

storing ·the fruit in the aqueous enzyme solution for the 
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prescribed time period. 

5. A process according to any one of the preceding 

claims, wherein the aqueous solution used in the steps of 

infusing and holding has an initial temperature of about 

5 35°C. 

10 

6. A process according to any one of the preceding 

claims, wherein in the step of maintaining, the core 

temperature of the fresh citrus fruit is maintained at a 

temperature of less than about 10°C. 

7. A process according to any one of the preceding 

claims, wherein the step of infusing includes a step of 

placing the scored fruit with the aqueous solution of 

pectinase in a vacuum chamber, at a vacuum of about 25 to 30 

~ inphes of mercury. 

15 8. A process according to any one of the preceding 

claims, wherein the pectinase is selected from the group 
.... 

consisting of NOVO Pectinex SXL, NOVO Pectinex Ultra SP, 

NOVO Pectinex Ultra SPL, GENENCOR 219, ~ENENCOR HS, GENENCOR 

1902, ROHM DSL, NOVO Spark-L, ROHM Rohapect TF, and ROHM 

lO Rohapect MAC • 
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