96 04,1 7 2 -8 ENZYME | NFUSI ON PROCESS FOR PREPARI NG CIT
FRU T ‘This invention rel ates generally to proc ti
citrus fruit and, nore particularly, to such-pr at u il e th

i nf usi on of a pectinase enzyme into the peel of the frU|t An exanpl e of a
pectinase enzyne-infusion process of thid particular kind is described in
U.S. Patent .No. 4, B%Ys%1 INSUSLQNNRBPCESS FABR BBEEARBYNE process, washed

citrus fruit such as oran and _grap i re.initially heated to a
surface tenperature of aB%@?‘h%ngEBOSS@éPée?REFEnd a cor tenpe v e of
about 20 to 40 degrees C, after which the peel surface the fi i;
scored so as to penetrate the fruit's albedo or white Iayer, but not
penetrate the fruit's juice segnents. An aqueous solution of a pectinase
enzyne is then vacuuminfused into the fruit's al bedo, at a vacuum of about

25 to 30 inches of nmercury. After incubating thefruit for a period of 15
mnutes to 2 hours, at a tenperature of about 30 to 60 degrees C,
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material are renoved from ose ruit segnents are
separat@#¢l¥ﬂ9eé@ﬁsbtm&trWﬁtﬁrﬁb§t4ﬂd¢h8°§§gﬁﬁﬂ'%ﬁ#&ﬁ%ﬁﬁs et iithg

i ntact. prddesdddli th$EoEilz& athd hgirisidieidt gerpeedinase eeheymedinto
duratlon mhlle S %éaqglally retaining a fresh fruit flavor and

appear an d& et i bed briefly above has proven to be

general ly satlsfactory in providing individual fruit segnents having a
substantially fresh fruit flavor and appearance. There is a need,
however, for a process whereby fruit - remains whole during the peellng
process rather than tending to becone segnmented. Maintenance of the fruit
in a whole State duringan kexappdeiof) appectinase enzymerdninsieon ppPees®noval

of this particular kind is described in U.S. Patent No. 4,284,651
to Bruemmer. In the described process, washed citrus fruit such
as oranges and grapefruit are initially heated to a surface
ﬁtemperature of about 40 to 60 degrees C and a core temperature
of about 20 to 40 degrees- 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 aqueous
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 membrane
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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to be-v generally satlsfactory in providing 1nd1v1dua1 fruit

The. process described briefly above has proven

segments Having a substantially fresh fruit flavor and
appearance.‘}:‘.. There is a need, however, for a process whereby
.f_r‘.uit :rema'i;';s whole during the peeling process rather than
tending to ‘become segmented. Maintenance of the fruit in a whole

state.during the peeling process facilitates more rapid removal



2 of the peel and permts mechani zation of the process. I n addi tion, such
peel ed whole fruit can be attractively packaged and sold for applications,
such as "cartwheel" (i.e., transverse) slicing, to which segnented fruit
does not readily lend itself. Peeled whole fruit also elimnates the
probl em of the | oss of separated segg;nts that are damaged and/or carry
adhered al bedo. The process described briefly above - which clearly appears
to have been designed specifically to produce fruit segnments - has not been
satisfactory in reliably providing such peeled whole fruit. It should,
therefore, be appreciated that-there is a need for an inproved process for
enzyme plfel fhg fressh enpdr ieexmifist  mephanizatbdm e@f vEhen RAAPESE-ng Feel ed

whol e f ragiditrd h Rage pdélemeamdm mlﬁ tdalre wwﬁm@mqp packabfed
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More pargtdwittarly, the process of the invention

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. .
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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 Xkeeps 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
significane}y redﬁbes production costs and conserves energy.
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&; ““More ‘particularly, the process of the invention
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lncludes ﬁa‘lnltlal step of maintaining the core and surface
temperatures of the fresh citrus fruit at a temperature of less
than about 20 degnees C. The peel surface of the fruit is then
brokeq, e. g.,‘scored so as to penetrate the fruit's albedo

layer, but not its juice segments. An aqgqueous solution of



includes an initial step of maintaining the core and surface tenperatures
of the fresh citrus fruit at a tenperature of |ess than about 20 degrees C.
The peel surface of the fruit is then broken, e.g , scored, so as to
penetrate the fruit's al bedo | ayer, but not its juice segnents. An
aqueous sol ution of 3 pectinase enzyne at a tenperature of about 35
degrees Cis then vacuum or pressu?e I nfused into the scored fruit, after
which the fruit is held in the aqueous solution wthout application of
additional heat for a prescribed duration, to allow the pectinase to break
down the pectin present in the al bedo. During the holding period, the
pect i nageteinRa®E Sulyid @t eotespaiatere hef t@vper diudegredshe dsr &éhehowl y
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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 commercially in
a variety of food applications, such as clarification and

Stabilization of fruit juices. The process of the invention can



an aqueous solution of a pectinase enzyne. The solution is infused into
the al bedo, or white layer, of the citrus fruit peel, to break down the
pectin contained in the al bedo and thereby to facilitate an easy renoval of

the peel. Pectinase beconmes effective at el evated tenperatures, 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 nold growth and

is approved for food use by the United States Food and Drug Adm nistration.
Pectinase is commonly used commercially in a variety of food applications,

such as clarification and stabilization of fruit juices. The process of the
I nvent i obecased padtheunaedypeftéctively wdfthevalgatya wiridnn¥abenmtandsd, navel

or anges, QQBQEHEE ﬁﬂdl‘%ﬁ?wgesh In an initial step of the process, the core

and surfd citrus fruit are chilled to a tenperature
of | ess than about 10 degrees C. The peel of the fresh citrus fruit is then
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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
randonmly scratching the peel. In particular, where the fruit is
scored 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. s

The scored fruit are then placed in an aqueous
solution of pectinase enzyme, preparatory to the infusion. NOVO
Pectinex 5XL 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 shown
fully capitaiized, as in "NOVO". This is for the convenience of
practitioners seeking to obtain pectinase enzymes necessary to
practice the teachings 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



for secondary product utilization. The scored fruit are then placed in an
agueous sol ution of pectinase enzyne, preparatory to the infusion. NOVO
Pectinex 5XL is one suitable pectinase enzyne, and it can be used at a

concentration of 1000 ppm i.e., 1.0 mlliliter per liter, in tap water.
Anot her suitable pectinase is NOVO Pectinex Utra SP, and it can al so be
used at a concentration of 1000 ppm is.e., 1.0 mlliliter per liter, in tap
water. It will be noted that throughout this discussion, enzyne

manuf act urer nanmes are shown fully capitalized, as in "NOVO'. This ts for
t he conveni ence of practitioners seeking to obtain pectinase enzymes
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Thus, the concentrations given above are average seasonal val ues. Early

in the season the concentrati on nust often be doubl e_d, whi | e tovyar_d’t he end
of the season it may oft &@hehepeeatinase Thuzpuet sedvsionzymt sahutindtiadt an
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enzyrme Solﬁgﬂéglgfjﬂ%rcury is then applied, to draw off air from the fruit
peel. Releasing the vacuum then infuses the enzyme solution into
the minute spaces 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 other
. hand, the fruit and enzyme solution are placed together in a
pressure chamber, and a series of positive pressure pulses, e.gs,
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 0 p.s.i.,
relative, 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-infused 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.



the m nute spaces in the peel previously occupied by air. A mediumsized
orange (size 113) typically will draw in about 30 mlliliters of the enzyne
solution. In the case of pressure infusion, on the other hand, the fruit
and enzynme solution are placed together in a pressure chanber, and a series
of positive pressure pulses, e.g., six to ten, is applied to the chanber.
The pressure pul ses preferably each ha¥e a pressure of about 20 to 40
p.s.i., relative, and a duration of about 15 seconds. The pressure pul ses
are separated from each other by periods of O p.s.i., relative, having
durations of about 5 seconds each. Pulsing the pressure is believed to
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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,

. Wmechanically without substantial loss of product from tearing and
'i_;eparétion.

In accordance with- the invention, greatly,
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 imprbved 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 Jlater 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



holding is insufficient for the core to warmto a tenperature where the
pectinase is as effective. This allows the enzyne to break down the pectin
in the fruit's al bedo, but does not allow the enzyne to break down the
pectin in the nenbrane connecting together the segnents of the fruit.

The fruit peel can thereafter be readily renmoved with only m ni mal amounts
of albedo clinging to the whole fruit &and w thout the separation of the
segnents of the fruit. Because of the |ack of damage to the core nenbranes,
the whole peeled fruit maintains its structural integrity, and may
therefore be peeled rapidly and, preferably, nechanically w thout
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The improvements in peeling withount 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 cCalifornia 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
example 1, twelve size-48 navel oranges were preheated in a water
bath at-.128 degfees F (53.3 degrees C) until their interior core
temperatures reached a range of 68 to 80 degrees F (20 to 36-7
degrees C). The oranges were then removed from the water gath
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 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



7 preferred tenperatures are a pre-infusion chill tenperature to about 5 to
8 degrees C and an enzyne application tenperature of about 35 degrees C,
wWith the fruit cores.allowed to slowy rise to a final tenperature of only
about 24 degrees C. Since fruit conditions and enzyme activity vary, even
‘these preferred paraneters are only approxi mate, hence the common use of
the term "about". Sone experinentatBon, well within the skill of the
ordinary practitioner, nay be-necessary to fix the exact paraneters for any
particul ar batch of fruit, within the teachings herein set forth. The
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but not danage the oran e reheat ed, scored oranges were
i nf used Vi#¥*h AHOP °5@89Fﬁe§eﬂf?r59EﬁﬁgﬁﬁﬂEt|on at 68 degrees F (20
degrees C), and the oranges were then incubated in an oven at. 91. 4 degrees

P L33 degrees ©) for one fOuemfibes PEFLIVD s fidePindif bishyesoLapges
began to segnment._In exa ? Sl ze- nave or anges
preheated in a water bath at 115 degrees (46.1 degrees C) untll
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 encugh 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
aegreés F (23.3 degrees 'C). The oranges were then incubated in

i an oven at 95 degrees ¥ (35 degrees C) for one hour. After
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peeling, five of the twelve oranges begén to eegment.

EXAMPLES 4-6

Examples 4 to 6 correspond to the method of the
present invention. In example 4, twelve size-48 navel oranges
were held 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 fhehiberforated 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



preheated in a water bath at 122 degrees F (50 degrees C) until their
bnterior core tenperatures reached a range of 77 to 78 8 degrees F (25
to 25.6 degrees C). The oranges were renoved fromthe water bath and scored
into sections, deep enough to reach the al bedo but not damage the orange
fl esh. The preheated, scored oranges l}ff\ere then infused with 1000 ppm NOVO
Pectinex Utra SPL solution at 70 degtees F (21.1 degrees C). After
i nfusion, the oranges were renoved fromthe solution and incubated in an
oven at 89.6 degrees F (32 degrees C) for one hour. After peeling, six of
the twel ve oranges began to segnent. In exanple 3, twelve size-48 navel
oranges WeFe bPrereardd?i Aok wheBPeRRERr it O f 1ZPRIEY skt el Y 48 -16 f/Fass C)
gmti | ht hei (9 i nideigrelesCoj € MP Plealler 6F tRATIRNGRS. Hedagtives dexfbhragy ees

. The n e ed.fro e t a 'SC i
secti ons?ﬁﬁegggeﬁgégﬂggo%gggggt ﬂégél g]gég 15’% %ﬁd?ﬂﬁg@gﬁ §(eq{)1$:grr?ger§% esh.
The prehtalvblon @k & tempegasuper eft perdegiressed \Kpﬁh61geersﬁ$n ROVO TRt | nex

U tra SPbraspbesi arerdd Ié4rdeds€msding 23n3 €REN aefdDion NEoR 28HES WALE, t hen

i ncubat e&l I N 204018 at 95 ge rees.F é35 ge rees O fror one ho;élri_ After

peel i ng, ?#‘9% Bt (HEFWHPIE oeﬁh?;}%’% y&h 9% YR FOT SEXRRPEERSYE® B&inpl es

4 to 6 cHerespeureed Fhé2nel hdegodes @) pr eafrr i prairian.elevax ahltthed,

Ej wel ve siézSnéés &aé@iﬂydaaafeie\,wetﬁﬁd Rl PEOth ﬁ%é‘é baiolégigeg ré&se fordd; 4

Conper at BPESBP LK BT a55 HoFobs g FEuBdEg, BRES TS REYRRRYY of

t he or anfreeper@andped pand orlsediand t he oranges infused with 1000 ppm NOVO

Pectinex Utra SPL sol uti@n.ginfd ¥IPERLVee s9kelRs navel 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 1000 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 inner core temperature was
72.8 degrees F (22.6 degrees C). After.peeling, all twelve of
the navel oranges remained whole.

Table 1 summarizes these results showing the
nunber of navel oranges from each example that segmented after
being peeled. .

- Table 1

Navel Oranges Out
of 12 That Segmented
Example No. When Peeled

1 ' 5-

2 6

3 5

4 0

S 1

6 ]

Examples 1-3: Bruemmer method, U.S. Pat. No. 4,284,651.
Examples 4-6: Method of the present invention.



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 tenperature of 75 degrees F (23.9 degrees C). After peeling, all

twel ve of the navel oranges renmined whole. In exanple 5, twelve size-48
navel oranges were renoved froma cooler at 40 degrees F (4 4 degrees O),

at which 9 tinme they had a core t¥hperature 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 Utra SPL solution at a
tenperature of 96 degrees F (35.6 degrees C). The oranges were |eft

standi ng in the sol uti oAtf orildnechapprempimatddrhaf t thewhethodi mé tthe

aver age peid¥nt Al en@BaI awofd&@spe?e?l& dmrl%_e%rﬁl@@hzt QEOELES iGkackf t er
peel i ng, %e f the. o ran s renm and one, navel orange broke
into sed? r%° '}f’%sﬁrlﬁagf ara gorﬁﬁgl}ﬁc’rmf‘ﬁa’fh?’crmﬁ%"‘?m o S8k %B8en
sever el A fskpaif Ueardged taighexh pscagrortilon exanpiei t6, provd sseds iaxect@ ingy el
oranges el d %.'m\égx(éltnﬁogéﬁafﬁqr%a@é 44 deg S%adeién‘lfﬂ?ﬂe i g)sﬁat

\m'Chtlrrthq%n an_average core temperature of 3degfﬂ:
degr ees ¥§S@ $Hed% &P°¥Re W%e§m% per TBigt 3L M old&nges
i nfused ségrﬁeﬂfmmy NEAL et mexdi.ﬂ:-ééal}SPi:eiatéal @6 Zhea infRpelcoiier e of
96 degr degr e o t gnding ig t :
sol uti on é: one lﬁeo 89_ %ﬁ%ea?md':@aftie’?g%ﬁ })Qf{“? %t eé;aver ag%sl Eneil core
t enper atRFeSeRE MventiQednsunes thategmitised peshiinassediatg resdhesnel ve
of the newvelfrriangesereirl MRy ebelitced 2ot fedt BreN@is 20 thased emable
showi ng é$m%ttack 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 toccompare the texture of the resulting peeled fruit.

Three separate criteria - 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 partlcular enzyme
tested. The results are summarized in Table 2.



nurber of navel oranges from each exanple that segnented after being
peel ed. Table 1 Navel Oranges Qut of 12 That Segnented Exanple No.

When Peeled 1 52 6 3

54 05 16

0 Exanples 1-3: Bruemmer nethod, U.S. Pat. No. 4,284,651. Exanpl es 4-6:
Met hod of the present invention. o1t will be appreci ated that the

met hod of the present invention provides peeled whole fruit that remain
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 conparedpy$jd fruit processed according to

known prior techniques. This difference in segnentability seens to be
directly rehayad to bPhelaBRELtgOr eatpaper at mertofet heotexHAll Prechilling

the fruit, as in the present inveRemainingsures that i$d¢esed pectinase that
reaches Reekicdit core wyll have redyced effecgiveness ajgl thus be unable
to attack bhRe segnent nenbranes sufficiently to cause the fruit to break
apart into segnents on its own. Extensive experinmentation was also carried
out to t eENEWE@OROUS readely avail abl 8 pecti nase enzynes it terns of

HS

GENENCOR 1 2 2 5
1902 -

ROHM D5L 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

A .

- . It should be noted that while GENENCOR 1902

showed the best overall results, this product is still in the

experimental stage and consequently r}ot' yet in full production.

Therefore, ROHM D5L is presently the most acceptable of the ”
readily available pectinase enzymes for use in the fruit peeling

process of the present invention.

Although the invention has been described in
detail with reference to its preéently pfeferre-d process, it will
be understocod by one of ordinary skill in the art that various
modifications can be made without departing from the invention.



their gE%%le_LgﬂannD%e—easy and clean peeling of grapefruit, ahd to
gonpar e texture of e resulting peeled fruit. Three separate -
criteria l‘m\“ g“ “@].Peel ability, Al bedo Renmaining and Texture. A
score of\“‘“ﬂ

rst) was applied to each individual criterion,
whi ch were* added to generate an Over-All Score for the particular enzyne

tested. The results are sunmarized in Tal® e 2. Tabl e 2 Enzyne

Peel ability Al bedo Texture Over- Al |l Renai ni ng : Scor e
GENENCOR CLAJMS: 4 2 10 219 GENENCCR 2

3 5 10 HS GENENCOR 1 2 2

5 1902 ROHM D5L 1 2 4 7 NOVO Spar k- L

4 ' ' RgHM; e 3 ; .

4 11 %ﬁ ROHM Roﬁégggfess4%gr SQEEQ %Bqle pe%led c1tru%3fﬁ%\t1t
shoul d be not ednpralsing lstegENENCOR 1902 showed the best overall results,
this product is still in the experinental stage and consequently not yet in

full prodéction. Theref oedntROANNESEhescpresantl gurfiecapsempecaptads codf
the readily avail abl e pecti nase enzynmes for use in the fruit peeling
process of t h&Xgsbs REr Ry ERuilEnatapt heugRrekurenoéniess Khanbekeute2@t¢bed
'n breaking the peel surface of the fruit so as to
penetrate the albedo layer, but not penetrate the juice
sections;
10 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, wherein the temperature of the core of the

15 fruit remains continuously below a’ tempeirature 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 steé of

storing -the fruit in the aqueous enzyme solution for the



detail with reference to its presently preferred process, it wll be
.understood by one of ordinary skill in the art that various nodifications

‘can beumm“ mml ﬂ“ﬁrti ng fromthe invention. 12 CLAIMS: 1. A
proces ' ihol e peeled citrus fruit, conprising steps of: 5

mai nt ai fi n§ the tor®e and surface temperatures of fresh citrus fruit at a
tenperature of |ess than about 20[err]}3breaking the peel surface of the

fruit so as Lgegggggéat@iﬁée%gkpggp | ayer, but not penetrate the juice

sections; 10 sposi ng an aqueous sol ution of pectinase into
the fruit; helding theafprbEess a8chr&5K4 Q@daﬁ%]r@n@%f; Othe t@raddding he
pecti nase to break down the pectin present in the al bedo | ayer, wherein the
t enper at ur e olatihs, cehereint hike loquediisi oIl etbbdmSusadtimuches | stdyes avf a
tenperature of about 25[err]; and renoving the peel fromthe fruit. 2.

A process actpfushpngt and| hehding nhahi ah ihetselkprefipelapoes L iabyet f or ned
by vacuum infusion of the 20 sol ution. 3. A process according to
ciaim2, whef@i fi-the fruit are held in the step of holding for about 20

A process acBording {ohaRiOBRES roPRE heCER Har e ot SUREEHT { he
step of hol da8:hBC! AlESedn S1APcRE 85188 hbEntathing] e GgHgOUS enzyme
solution for the o
temperature of the fresh citrus fruit is maintained at a
temperature of less than about 10°C.

0 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

“ inches of mercury.

15 8. A process according to any one of the preceding
claims, wherein the pectinase is seiected‘from the group ~ °
consisting of NOVO Pectinex 5XL, NOVO Pectinex Ultra SP,
NOVO Pectinex Ultra SPL, GENENCOR 219, GENENCOR HS, GENENCOR
1902, ROHM D5L, NOVO Spark-L, ROHM Rohapect TF, and ROHM

.20 Rohapect MAC.



1
*
»

13 prescribed tinme period. 5. A process according to any one of the
precedi ng clai ns, wherein the aqueous solution used in the steps of —
i nfusing and holding has an initial tenperature of about 5 35[err]. 6.

A process according to any one of {he preceding clains, wherein in the step
*of maintaining, the core tenperature of the fresh citrus fruit is

mai ntai ned at a tenperature of |ess than about 10[err]. 10 7. A
process according to any one of the preceding clains, wherein the step of
i nfusing includes a step of placing the scored fruit with the agueous

sol ution of pectiggse TNFUSIONU PrOGESIBE FORAPREPERRAINGM Of about 25 to 30
I nches of nmercury. 15 8. A process according to any one of the
precedi ng cl ai ns, wher iHOLEN®EREED CATRUSs FRYII&Ct ed from t he group

consi sting of NOVO Pectinex 5XL, NOVO Pectinex Utra SP, NOVO Pecti nex

Utra SPL, GENENCOR 219, GENENWNENCCR 1902, ROHM D5L, NOVO
Spar k- L, ROHM Rohapect TF, and Rohapect MAC.

A process for peeling fresh citrus fruit to
provide peeled whole fruit, with ease of peeling and with limited
amounts of adhering albedo. The fresh citrus fruit are initially
chilled to a temperature well below room temperature, preferably
less than about 10 degrees C. The chilled fruit are then scored
so as to penetrate the albedo layer, but not the underlying juice
sections, and the scored fruit are then immersed in an agqueous
solution of a pectinase enzyme at an initial temperature of-about
35 degrees C. The enzyme solution is then infused into the
fruit, and after holding the infusion-treated fruit in the
solution for a prescribed time period, without application of
anitiogal heat, the peel can be readily removed from the whole
fruit. "Chilling the frﬁié before infusing the pectinase enzyme
allows the core of the fruit to reach a ﬁemperaturé low enougg )
to 1insure that the pectinase enzyme retains its full
effectiveness only in the region of the peel and not at the
membrane connecting together the segments of the fruit. This

insures that the segments remain connected together, to provide
peeled whole fruit.



