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Citrus Tissue Extracts Affect Juice Cloud Stability

RANDALL G. CAMERON, ROBERT A. BAKER, and KAREL GROHMANN

ABSTRACT

Salt cxtractable proteins were isolated from hand expressed juice, rag
and peel of Valencia oranges. Each tissue extract was divided into di-
alysis supernatant (DS) and precipitate (DP) (forms during dialysis). DP,
DS and DS heated for 2 min at 80°C (HDS) were added to pasteurized,
reconstituted frozen concentrated orange juice at 5 U - mL~' of pectin-
meihylesterase. Samples were incubated either at 25°C for 14 days or
4°C for 28 days and periodically sampled lo determine the effects of
tissue extracts on juice cloud stability. Tissue specific diffcrences were
observed for the rate of juice cloud precipitation and among the HDS,
DS, and DP fractions of a given tissue. HDS fractions destabilized juice
cloud more rtapidly than DS or DP at both 25 and 4°C.

Key Words: citrus, juice cloud, cloud stability, pectinmethylesterase,
pectin

INTRODUCTION

SINCE THE INTRODUCTION of frozen concentrated orange juice
(FCOD) in the 1940s, a major quality defect has been juice cloud
precipitation. Early studies indicated that pectinmethylesterase
(PME: EC 3.1.1.11) initiates a sequence of events that leads to
juice cloud destabilization (Joslyn and Sedky, 1940; Stevens et
al., 1950; Guyer et al., 1956). Hydrolysis of methyl esters at-
tached to C6 of galacturonic acid moieties in the main pectin
chain produces free acid groups. When sufficient divalent cat-
ions such as calcium are present, these cations crosslink acid
functions on adjacent pectin chains, reducing their solubility
leading to juice cloud precipitation (Stevens et al., 1950; Joslyn
and Pilnik, 1961; Bakcr and Bruemmer, 1969).

Multiple forms of PME have been identified in various citrus
fruits (Versteeg et al., 1980; Seymour et al., 1991; Macdonald
et al., 1993, 1994; Cameron et al.,, 1994; Cameron and Groh-
mann, 1995, 1996). One form, purified from a commercial
‘Fresh Frozen Orange Juice’ was relatively thermally stable, re-
taining ~350% activity after 60 sec incubation in a 90°C water
bath (Cameron and Grohmann, 1996). Thermally tolerant forms
of PME (TT-PME) also have been identified from navel oranges
(Versteeg et al., 1980), white grapefruit (Seymour et al,, 1991),
citrus tissue culture cells (Cameron et al., 1994), lemon fruit
(Macdonald et al., 1994), and red grapefruit (Cameron and
Grohmann, 1995). Versteeg et al. (1980) reported that at 5°C
only a TT-PME was capable of destabilizing juice cloud in <4
wk (sce Guyer et al., 1956, Bissett et al., 1957 and Carroll et
al,, 1957 for discussion and definition of juice cloud clarifica-
tion). Rouse (1953) demonstrated that PME activity was present
in all fruit tissues of Valencia oranges and that juice sacs con-
tained ~75% of total PME activity. Rombouts et al. (1982),
using nonequilibrium pH gradient clectrophoresis and activity
prints, reported a PME with the same Rf as TT-PME studied by
Versteeg et al. (1980) in all tissues of Navel oranges. However,
Rombouts et al. (1982) did not determine the levels of TT-PME
activity in the various tissues.

Snir (1996) reported data suggesting that the method of juice
extraction may affect the level of TT-PME in the juice. No data
are available on the amounts of TT-PME present in various
citrus fruit tissues or whether any TT-PME’s that might occur
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would be equally effective at destabilizing citrus juice cloud.
Therefore our objective was to detemine the effects of fruit tis-
sue extracts on juice cloud stability.

MATERIALS & METHODS

Fruit tissue extracts

Valenciz oranges (1.5 bushels) were purchased from a local supplier
on 21 Feb 1993, the beginning of the harvesting season for that cultivar,
The oranges were halved and the juice was hand expressed using a
kitchen-type juicer. A total of 17.8 L of juice was collectcd. Rag, com-
posed of intersegmental septa, squeezed juice sacs and fruit core tissue,
was then separated (4.2 kg) from peel (flavedo and albedo, 5.9 kg). The
rag was rinsed with deionized water to remove residual juice and frozen
at —20°C until needed. Pccl was ground with a meat grinder and frozen
at —20°C until needed.

Juice was brought to 0.1M Tris and 1M NaCl, the pH adjusted to 8.0
with solid NaOH and stirred overnight at 5°C. Juice (8L) was brought
to 75% ammonium sulfate saturation and stirred overnight at 4°C. After
centrifugation in 250 mL bottles at 12,100 X g for 30 min at 4°C, the
supematant was discarded (no PME activity) and 50 mL of 10 mM Tris,
pH 7.5 (at 31°C), 20 mM NaCl (TBS) was added to each bottle to
solubilize precipitated proteins. {nsoluble material was still present, so
the suspension was re-centrifuged (as above) to remove this material.
The supernatant (containing PME activity) was decanted and frozen at
~75°C in 50 mL aliquots. The remaining juice (9.8L) was centrifuged
at 12,100 X g for 15 min at 4°C to remove insoluble materials. Am-
monium sulfate was added to the resulting serum to 75% saturation,
stirred overnight at 4°C, and then centrifuged as described. The super-
natant was discarded and protein pellets solubilized as described. The
solubilized protein was dialyzed (6000 dalton molecular weight cut-off
dialysis tubing) exhaustively at 6°C against 3L of solubilization buffer,
with u total of 4 buffer changes. During dialysis a precipitate (DP)
formed (Cameron and Grohmann, 1996) which was separated from the
dialysis supernatant (DS) by centrifugation at 12,100 X g for 30 min at
4°C, The juice DS was then pooled and concentrated to a final volume
of 90 mL using a 10,000 dalton molecular weight cut-off hollow fiber
cartridge. The juice DP was solubilized in a total volume of 200 mL of
10 mM Tris, IM NaCl, pH 7.5. The solubilized juice DP was centrifuged
at 12,100 X g for 15 min at 4°C to remove any remaining insoluble
material. The supernatant was decanted (contained PME activity), pooled
and concentrated to 70 mL with a hollow fiber cartridge as described.
The concentrated juice DP was frozen at —75°C in 50 mL aliquots.

Rag was mixed with 2 volumes of 0.1M Tris, pH 8.0 at 27°C, 1M
NaCl (w/v; 1 kg rag plus 2L buffer) and homogenized (~3 min) in 2
pre-chilled blender (in & 4°C room). The rag homogenate was stirred
overnight at 4°C. It was then filtered through four layers of cheesecloth.
The filtrate was centrifuged at 12,100 X g for 45 min at 4°C io remove
any remaining insoluble material. The supcrnatant was stored overnight
at 4°C. The rag material retained by the cheesecloth was mixed with
extraction buffer as described and stirred overnight at 4°C. After filtering
through cheesecloth and centrifugation both rag extracts were pooled and
brought to 75% ammonium sulfate saturation. After stirring overnight at
4°C the precipitated proteins were removed by centrifugation at 12,100g
for 30 min at 4°C. Proteins in the pellet were solubilized in TBS and
dialyzed vs 4L TBS overnight at 6°C with a total of four buffer changes.
The precipitate formed during dialysis was removed by centrifugation at
27,200 X g for 30 min at 4°C. The supernatant (rag DS) was pooled
and frozen at —75°C. The pellet (rag DP) was solubilized as described
for juice DP, pooled and frozen at —735°C. Both rag DS and rag DP
were then concentrated with a hollow fiber cartridge as described.

Ground peel was mixed with 3 volumes (w/v) of extraction buffer and
homogenized (~5 min) in a blender at 4°C. After stirring overnight at
4°C it was filtered through two layers of cheesecloth. The filtrate was
pooled and stored at 4°C. Recovered peel tissue was mixed with 3 vol-
umes of extraction buffer and further homoyenized (~3 min) with a
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Polytron. Homogenized peel tissue was again stirred overnight at 4°C
and filtered through cheesecloth. Filtrates from the first and second ex-
traction were pooled and centrifuged at 12,100 X g for 30 min at 4°C.
Peel oil was aspirated from the top of the centrifuge bottles and dis-
carded. Extracted peel proteins were precipitated with 75% ammonium
sulfate saturation and overnight stirring at 4°C. Precipitated proteins were
removed by centrifugation at 12,100 X g for 30 min at 4°C. The proteins
were solubilized in TBS and dialyzed overnight vs 4L TBS with four
buffer changes. The peel DS was pooled and frozen at —75°C in 50 mL
aliquots. The peel DP was removed and solubilized as described and
frozen at —75°C in 50 mL aliquots. Both peel DS and peel DP were
concentrated with hollow fiber cartridges as described.

Enzyme and protein assays

Quantitative assays were performed according to Cameron et al.
(1992) utilizing a kinetic microplate reader. Activity (one Unit = | pEq
acid - min~! + uL-') was estimated for each concentrated tissue extract
before and after 2 min incubation in an 80°C water bath, which inacti-
vated all but TT-PME (=HDS, activity which remained afier 2 min
incubation), (Cameron and Grohmann, 1995). The microplates were read
every 15 sec for 20 min. Reported values are the mean + standard crror
(P = 0.05) for a minimum of three replicates.

Protein amounts were estimated by the method of Bradford (1976)
with BSA as standard.

Juice cloud stability

To determine the effects of tissue extracts on juice cloud stability,
pasteurized FCOJ was obtained from a local processor (Citrus World,
Lake Wales, FL). The concentrate was reconstituted to 11 °Brix with
deionized water plus the appropriate amount of tissue extract to provide
5 U +mL-! of PME activity (final volume = 200 mL). The reconstituted
Jjuice also contained 0.02% sodium azide (fo prevent microbial contam-
ination) and 2.18g « L~ potassium metabisulphite.

To determine the effects of only the TT-PME on cloud stability the
appropriate volume of each extract, to give a final activity of 5 U - mL-!,
was incubated, in 150 pL aliquots, for 2 min in a BO°C water bath
(Cameron and Grohmann, 1995) and then mixed with the reconstituted
FCOJ (final volume = 200 mL). The samples with PME added were
placed in glass bottles and stored on the laboratory bench (room tem-
peraturc ~25°C) or in a refrigerator (4°C). Three samples per treatment
were taken from each bottle per time interval by inverting the bottle
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Fig. 1—Effects of peel extracts on juice cloud stability at room temperature. Absorbance was measured at 660 nm and % pulp

DP, v = HDS. Absence of error bars indicated the S.E. was

three times, pipetting 10 mL into a 15 mL graduated, conical centrifuge
tube, and then centrifuging for 10 min at 360 X g. One mL of super-
natant from each tube was transferred to a cuvette and the absorption at
660,,, was recorded (Krop, 1974). The amount of settling pulp was es-
timated by reading the volume occupied by the pelleted solids. Reported
means * standard ecrors (P = 0.05) are for three replicates.

RESULTS

BASED ON SPECIFIC ACTIVITY, the data indicated (Table 1) that
rag DS contained the greatest amount of total and TT-PME ac-
tivity (54.6% and 47.3% respcctively). Juice DP and rag DP
contained nearly equal amounts of total PME activity (15.3%
and 14.1% respectively) although juice DP had 10 times more
TT-PME specific activity than rag DP (34.8% vs 2.5%). Juice
extracts contained the greatest proportion of total specific activ-
ity as TT-PME activity.

Tissue specific differences for juice cloud destabilization were
observed at room temperature (Fig. 1 to 3) and at 4°C (Fig. 4
to 6). The most rapid destabilization at room temperature oc-
curred when peel HDS (Fig. 1) or juice HDS (Fig. 3) was added
to pasteurized juice. The TL-PME’s comprised 96.7% and
95.8% of the total PME activity for peel DS and juice DS re-
spectively (Table 1). Although juice treatments were clarified by
peel HDS and juice HDS after 2 days, peel HDS destabilized
Jjuice cloud faster than juice HDS as indicated by the one day
sampling points (Figs. 1, 3). Peel DP had no effect on juice
cloud stability and peel DS had only a marginal effect through
the 14 day sampling (Fig. 1). Juice DS also had no effect but
juice DP (Table 1, 94.4% TL-PME) destabilized the cloud
nearly as fast as juice HDS (Fig. 3).

All treatments using rag extracts destabilized juice cloud (Fig.
2). As with peel and juice extracts, the most rapid destabilization
was produced by rag HDS (TT-PME). However, its action was
slower than peel HDS or juice HDS (Fig. 1 to 3). The rag DS
(97.9% TL-PME) and rag DP (99.4% TL-PME) both destabi-
lized cloud slightly slower than rag HDS. In all cases the in-
crease in settling pulp occurred with, or slightly before, the
decrease in absorbance of the supernatant {data not shown).
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Polytron. Homogenized peel tissue was again stirred overnight at 4°C
and filtered through cheesecloth, Filtrates from the first and second ex-
traction were pooled and centrifuged at 12,100 X g for 30 min at 4°C.
Peel oil was aspirated from the top of the centrifuge bottles and dis-
carded. Extracted peel proteins were precipitated with 75% ammonium
sulfate saturation and overnight stirring at 4°C. Precipitated proteins were
removed by centrifugation at 12,100 X g for 30 min at 4°C. The proteins
were solubilized in TBS and dialyzed overnight vs 4L TBS with four
buffer changes. The peel DS was pooled and frozen at —75°C in 50 mL
aliquots. The peel DP was removed and solubilized as described and
frozen at —75°C in 50 mL aliquots. Both peel DS and peel DP were
concentrated with hollow fiber cartridges as described.

Enzyme and protein assays

Quantitative assays were performed according to Cameron et al,
(1992) utilizing a kinetic microplate reader. Activity {one Unit = | pEq
acid - min~! » uL-!) was estimated for each concentrated tissue extract
before and after 2 min incubation in an 80°C water bath, which inacti-
vated all but TT-PME (=HDS, activity which remained after 2 min
incubation), (Cameron and Grohmann, 1995). The microplates were read
every 15 sec for 20 min. Reported values are the mean * standard crror
(P = 0.05) for a minimum of three replicates.

Protein amounts were estimated by the method of Bradford (1976)
with BSA as standard.

Juice cloud stability

To determine the effects of tissue extracts on juice cloud stability,
pasteurized FCOJ was obtained from a local processor (Citrus World,
Lake Wales, FL). The concentrate was reconstituted to 11 °Brix with
deionized water plus the appropriate amount of tissue extract to provide
5 U -mL-' of PME activity (final volume = 200 mL). The reconstituted
juice also contained 0.02% sodium azide (to prevent microbial contam-
ination) and 2.18g * L~} potassium metabisulphite.

To determine the effects of only the TT-PME on cloud stability the
appropriate volume of each extract, to give a final activity of 5 U - mL™,
was incubated, in 150 pL aliquots, for 2 min in a BO°C water bath
(Cameron and Grohmann, 1995) and then mixed with the reconstituted
FCOJ (final volume = 200 mL). The samples with PME added were
placed in glass bottles and stored on the laboratory bench (room tem-
perature ~25°C) or in a refrigerator (4°C). Three samples per treatment
were taken from each botile per time interval by inverting the bottle
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Fig. 1—Effects of peel extracts on juice cloud stability at room temperature. Absorbance was measured at 660 nm and % pulp

= DP, v = HDS. Absence of error bars indicated the S.E. was

three times, pipetting 10 mL into a 15 mL graduated, conical centrifuge
tube, and then centrifuging for 10 min at 360 X g. One mL of super-
natant from each tube was transferred to a cuvette and the absorption at
660, was recorded (Krop, 1974). The amount of settling pulp was es-
timated by reading the volume occupied by the pelleted solids. Reported
means * standard errors (P = 0.05) are for three replicates.

RESULTS

BASED ON SPECIFIC ACTIVITY, the data indicated (Table 1) that
rag DS contained the greatest amount of total and TT-PME ac-
tivity (54.6% and 47.3% respcctively). Juice DP and rag DP
contained nearly equal amounts of total PME activity (15.3%
and 14.1% respectively) although juice DP had 10 times more
TT-PME specific activity than rag DP (34.8% vs 2.5%). Juice
extracts contained the greatest proportion of total specific activ-
ity as TT-PME activity.

Tissue specific differences for juice cloud destabilization were
observed at room temperature (Fig. 1 to 3) and at 4°C (Fig. 4
to 6). The most rapid destabilization at room temperature oc-
curred when peel HDS (Fig. 1) or juice HDS (Fig. 3) was added
to pasteurized juice. The TL-PME’s comprised 96.7% and
95.8% of the total PME activity for peel DS and juice DS re-
spectively (Table 1). Although juice treatments were clarified by
peel HDS and juice HDS after 2 days, peel HDS destabilized
juice cloud faster than juice HDS as indicated by the one day
sampling points (Figs. 1, 3). Peel DP had no effect on juice
cloud stability and peel DS had only a marginal effect through
the 14 day sampling (Fig. 1). Juice DS also had no effect but
juice DP (Table 1, 94.4% TL-PME) destabilized the cloud
nearly as fast as juice HDS (Fig. 3).

All treatments using rag extracts destabilized juice cloud (Fig.
2). As with peel and juice extracts, the most rapid destabilization
was produced by rag HDS (TT-PME). However, its action was
slower than peel HDS or juice HDS (Fig. 1 to 3). The rag DS
(97.9% TL-PME) and rag DP (99.4% TL-PME) both destabi-
lized cloud slightly slower than rag HDS. Tn all cases the in-
crease in settling pulp occurred with, or slightly before, the
decrease in absorbance of the supernatant (data not shown).

Volume 62, No. 2, 1997—JOURNAL OF FOOD SCIENCE—243

Supplied by the British Library -

"The world's knowledge" www.bl.uk




|AG671

Citrus Tissue Extracts Affect Juice Cloud Stability
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ABSTRACT

Salt extractable proteins were isolated from hand expressed juice, rag
and peel of Valencia oranges. Each tissue extract was divided into di-
alysis supernatant (DS) and precipitate (DP) (forms during dialysis). DP,
DS and DS heated for 2 min at 80°C (HDS) were added to pasteurized,
reconstituted frozen concentrated orange juice at 5 U+ mL~' of pectin-
methylesterase. Samples were incubated either at 25°C for 14 days or
4°C for 28 days and periodically sampled lo determine the effects of
tissue extracts on juice cloud stability. Tissue specific differences were
observed for the rate of juice cloud precipitation and among the HDS,
DS, and DP fractions of a given tissue. HDS fractions destabilized juice
cloud more rapidly than DS or DP at both 25 and 4°C.

Key Words: citrus, juice cloud, cloud stability, pectinmethylesterase,
pectin

INTRODUCTION

SINCE THE INTRODUCTION of frozen concentrated orange juice
(FCOI) in the 1940s, a major quality defect has been juice cloud
precipitation. Early studies indicated that pectinmethylesterasc
(PME; EC 3.1.1.11) initiates a scquence of events that leads to
juice cloud destabilization (Joslyn and Sedky, 1940; Stevens et
al, 1950; Guyer et al.,, 1956). Hydrolysis of methy! esters at-
tached to C6 of galacturonic acid moieties in the main pectin
chain produces free acid groups. When sufficient divalent cat-
ions such as calcium are present, these cations crosslink acid
functions on adjacent pectin chains, reducing their solubility
leading to juice cloud precipitation (Stevens ct al., 1950; Joslyn
and Pilnik, 1961; Bakcr and Bruemmer, 1969).

Multiple forms of PME have been identified in various citrus
fruits (Versteeg et al,, 1980; Seymour et al., 1991; Macdonald
et al., 1993, 1994; Cameron et al., 1994; Cameron and Groh-
mann, 1995, 1996). One form, purified from a commercial
‘Fresh Frozen Orange Juice” was relatively thermally stable, re-
taining ~50% activity after 60 sec incubation in a 90°C water
bath (Cameron and Grohmann, 1996). Thermally tolerant forms
of PME (TT-PME) also have been identified from navel oranges
(Versteeg et al., 1980), white grapefruit (Seymour et al., 1991),
citrus tissue culture cells (Cameron et al., 1994), lemon fruit
(Macdonald et al.,, 1994), and red grapefruit (Cameron and
Grohmann, 1995). Versteeg et al. (1980) reported that at 5°C
only a TT-PME was capable of destabilizing juice cloud in <4
wk (sce Guyer et al., 1956, Bissett ¢t al,, 1957 and Carroll et
al., 1957 for discussion and definition of juice cloud clarifica-
tion). Rouse (1953) demonstrated that PME activity was present
in all fruit tissues of Valencia oranges and that juice sacs con-
tained ~75% of total PME activity. Rombouts et al. (1982),
using nonequilibrium pH gradient clectrophoresis and activity
prints, reported a PME with the same Rf as TT-PME studied by
Versteeg et al. (1980) in all tissues of Navel oranges. However,
Rombouts et al. (1982) did not determine the levels of TT-PME
activity in the various tissues.

Snir (1996) reported data suggesting that the method of juice
extraction may affect the level of TT-PME in the juice. No data
are available on the amounts of TT-PME present in various
citrus fruit tissues or whether any TT-PME’s that might occur
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and Subtropical Products Laboratory, 600 Avenue S, N.W. (P.O.
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would be equally effective at destabilizing citrus juice cloud.
Therefore our objective was to detemine the effects of fruit tis-
sue extracts on juice cloud stability.

MATERIALS & METHODS
Fruit tissue extracts

Valencia oranges (1.5 bushels) were purchased from a local supplier
on 21 Feb 1995, the beginning of the harvesting season for that cultivar.
The oranges were halved and the juice was hand expressed using a
Kitchen-type juicer. A total of 17.8 L of juice was collectcd. Rag, com-
posed of intersegmental septa, squeezed juice sacs and fruit core tissue,
was then separated (4.2 kg) from peel (flavedo and albedo, 5.9 kg). The
rag was rinsed with deionized water to remove residual juice and frozen
at —20°C until needed. Pecl was ground with a meat grinder and frozen
at —20°C until needed.

Juice was brought to 0.1M Tris and 1M NaCl, the pH adjusted to 8.0
with solid NaOHH and stirred overnight at 5°C. Juice (8L) was brought
to 75% ammonium sulfate sawration and stirred overnight at 4°C. After
centrifugation in 250 mL bottles at 12,100 X g for 30 min at 4°C, the
supcrnatant was discarded (no PME activity) and 50 mL of 10 mM Tris,
pH 7.5 (at 31°C), 20 mM NaCl (TBS) was added to each bottle to
solubilize precipitated proteins. [nsoluble material was still present, so
the suspension was re-centrifuged (as above) to remove this material,
The supernatant (containing PME activity) was decanted and frozen at
—75°C in 50 mL aliquots. The remaining juice (9.8L) was centrifuged
at 12,100 X g for 15 min at 4°C to remove insoluble materials. Am-
monium sulfate was added to the resulting serum to 75% saturation,
stirred overnight at 4°C, and then centrifuged as described. The super-
natant was discarded and protein pellets solubilized as described. The
solubilized protein was dialyzed (6000 dalton molecular weighl cut-off
dialysis tubing) exhaustively at 6°C against 3L of solubilization buffer,
with 4 total of 4 buffer changes. During dialysis a precipitate (DP)
formed (Cameron and Grohmann, 1996) which was separated from the
dialysis supernatant (DS) by centrifugation at 12,100 X g for 30 min at
4°C. The juice DS was then pooled and concentrated to a final volume
of 90 mL using a 10,000 dalton molecular weight cut-off hollow fiber
cartridge. The juice DP was solubilized in a total volume of 200 mL of
10 mM Tris, IM NaCl, pH 7.5. The solubilized juice DP was centrifuged
at 12,100 X g for 15 min at 4°C to remove any remaining insoluble
material. The supernatant was decanted (contained PME activity), pooled
and concentrated to 70 mL with a hollow fiber cartridge as described.
The concentrated juice DP was frozen at —75°C in 50 mL aliquots.

Rag was mixed with 2 volumes of 0.1M Tris, pH 8.0 at 27°C, IM
NaCl (w/v; 1 kg rag plus 2L buffer) and homogenized (~3 min) in a
pre-chilled blender (in a 4°C room). The rag homogenate was stirred
overnight at 4°C. It was then filtered through four layers of cheesecloth.
The filtrate was centrifuged at 12,100 X g for 45 min at 4°C to remove
any remaining insoluble material. The supernatant was stored overnight
at 4°C. The rag material retained by the cheesecloth was mixed with
extraction buffer as described and stirred overnight at 4°C. After filtering
through cheesecloth and centrifugation both rag extracts were pooled and
brought to 75% ammonium sulfate saturation. After stirring evernight at
4°C the precipitated proteins were removed by centrifugation at 12,100g
for 30 min at 4°C. Proteins in the pellet were solubilized in TBS and
dialyzed vs 4L TBS overnight at 6°C with a total of four buffer changes.
The precipitate formed during dialysis was removed by centrifugation at
27,200 X g for 30 min at 4°C. The supernatant (rag DS) was pooled
and frozen at —75°C. The pellet (rag DP) was solubilized as described
for juice DP, pooled and frozen at —75°C. Both rag DS and rag DP
were then concentrated with a hollow fiber cartridge as describad.

Ground peel was mixed with 3 volumes (w/v) of extraction buffer and
homogenized (~5 min) in a blender at 4°C. After stirring overnight at
4°C it was filtered through two layers of cheesecloth, The filtrate was
pooled and stored at 4°C. Recovered peel tissue was mixed with 3 vol-
umes of extraction buffer and further homogenized (~3 min) with a
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Fig. 2—Effects of rag extracts on juice cloud stability at rcom
temperature. Measurements, symbols and error bars as in Fig. 1.
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Fig. 3—Effects of juice extracts on juice cloud stability at room
temperature. Measurements, symbols and error bars as in Fig. 1.

At 4°C peel HDS (100% TT-PME) clarified the juice before
other extracts (Fig. 4). At 3 days the peel HDS reduced the A,
to ~0.6 and to < 0.1 at 7 days. The only other treatment that
totally clarified the juice during the 28 day study was juice HDS
(100% TT-PME) which took ~14 days (Fig. 6). At 28 days rag
HDS (100% TT-PME, Fig. 5) decreased the Ay, to ~0.3, while
the juice DP sample (Fig. 6) had an Ay, of ~0.5 and the pecl DS
sample, an Ay, (Fig. 4) near 0.7. The other treatments had negli-
gible effects on juice cloud stability (Fig. 4 to 6). Again, increases
in settling pulp corresponded to decreases in Ag, (Fig. 4 to 6).

DISCUSSION

FRUIT TISSUE EXTRACTS from Valencia oranges, used to add to
pasteurized, reconstituted FCOJ destabilized the juice cloud.
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Fig. 4—Effects of peel extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.
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Fig. 5—Effects of rag extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.

Since heat treatment inactivates all but the TT-PME, the TT-
PME in those tissues destabilized the juice cloud faster than a
mixture of thermally labile PME’s (TL-PME) and TT-PME. All
tissues contained TT-PME although its relative proportion in
tissue extracts varied from 0.2% (peel DP) to 5.6% (juice DP).
Data from Rouse et al. (1962) suggest that tissucs from these
fruit contained near the seasonal average for PME activity. At
room temperature and 4°C, peel HDS (100% TT-PME) desta-
bilized the juice cloud more rapidly than other extracts. Versteeg
et al. (1980) also reported that a purified TT-PME destabilized
cloud faster than two TL-PMEs. At room temperature one ex-
tract, juice DP, which contained only 5.6% TT-PME, destabi-
lized the juice cloud more rapidly than the rag HDS (100%
TT-PME). At 4°C the effects of juice DP and rag HDS were
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Fig. 6—Effects of juice extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.

Table 1—Estimation of total PME and TT-PME specific activity {uEq » min-?
- ug-! protein) in concentrated fruit tissue extracts?

Sample u protein - pL-1 RT activity? 80°C activity¢ % TT-PMEd
Peel DS 13.39 = 0.27 0.11 % 0.004 0.004 = 1.9-5 3.3
Peel DP 233+ 034 011 = 0006 2154 =0 0.2
Rag DS 1218 = 0.98 0.B9 + 0,07 0.019 =+ 0.002 2.1
Rag DP 240 + 048 023+ 001 0.001 = 1.1-8 0.6
Juice DS 41.07 + 2.08 0.04 = 0.001 0.002 = 3.9-5 4.2
Juice DP 122 + 0,27 0.25 + 0.01 0.014 = 464 5.6

2 All estimates are means = standard error for three replicates.

b Spacific activity in unheated extracts.

€ Spacific activity remaining after 2 min incubation in 80°C water bath.

9% of total (RT activity + BO°C activity) PME specific activity that is TT-PME specific
activity.

nearly equivalent. Tissue specific differences also were evident
for unheated DS and DP treatments.

These results suggest that the different tissues may contain
different forms of TL- and TT-PMEs. As indicated, many dif-
ferent forms of PME have been reported in citrus. Tissue spe-
cific forms of PME have also been reported from tomato (Gaffe
et al., 1994; Warrilow and Jones, 1995). Multiple forms of PME
from tomato exhibited differences in salt effects, kinetics pI and
pH optima (Warrilow and Jones, 1995). Consequently the more
rapid destabilization of juice cloud with TT-PME, compared to
TL-PME’s, may be related to the retention of higher levels of
activity at the pH of juice.

Peel HDS extract (100% TT-PME) had a more rapid effect
on cloud stability than unheated DS or DP extracts (~95% TL-
PME) but the amount of TT-PME did not appear to be the only
factor affecting cloud stability. Juice DP extract (5.6% TT-PME)
precipitated cloud more rapidly than rag HDS (100% TT-PME)
at room temperature and was nearly equivalent at 4°C.
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Additionally, the heated peel DS clarified the juice almost two
times faster than heated juice DS.

Since peel extracts caused the most rapid cloud destabiliza-
tion, the cloud stability of lightly or nonpasteurized orange juice
may be extended if care is taken to prevent peel tissue or peel
juice from entering the juice.
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Fig. 6—Effects of juice extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.

Table 1—Estimation of total PME and TT-PME specific activity (1Eq - min-1
- ug-! protein) in concentrated fruit tissue extracts?

Sample u protein - uL-1 RT activity® 80°C activity® % TT-PMEY

Peel DS 13.39 + 0.27 0.11 £ 0,004 0.004 = 1.9-5 3.3
Peel DP 233 = 0.34 0.11 = 0.006 2154 =0 0.2
Rag DS 12.1B = 0.98 0.89 = 0.07 0.019 = 0.002 2.1
Rag DP 2,40 + 0.49 023 001 0001 = 1.15 0.6
Juice DS 41.07 + 2.08 0.04 = 0.001 0.002 =+ 3395 4.2
Juice DP 122 £ 027 025+ 0.01 0014 = 484 5.6

3 All estimates are means = stendard error for three replicates.

b gpacific activity in unheated extracts,

¢ Specific activity remaining after 2 min incubation in B0°C water bath.

d % of total (RT activity + 80°C activity) PME specific activity that is TT-PME specific
activity.

nearly equivalent. Tissue specific differences also were evident
for unheated DS and DP treatments.

These results suggest that the different tissues may contain
different forms of TL- and TT-PMEs. As indicated, many dif-
ferent forms of PME have been reported in citrus, Tissue spe-
cific forms of PME have also been reported from tomato (Gaffe
et al., 1994; Warrilow and Jones, 1995). Multiple forms of PME
from tomato exhibited differences in salt effects, kinetics pl and
pH optima (Warrilow and Jones, 1995). Consequently the more
rapid destabilization of juice cloud with TT-PME, compared to
TL-PME’s, may be related to the retention of higher levels of
activity at the pH of juice.

Peel HDS extract (100% TT-PME) had a more rapid effect
on cloud stability than unheated DS or DP extracts (~95% TL-
PME) but the amount of TT-PME did not appear to be the only
factor affecting cloud stability. Juice DP extract (5.6% TT-PME)
precipitated cloud more rapidly than rag HDS (100% TT-PME)
at room temperature and was nearly equivalent at 4°C.
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Additionally, the heated peel DS clarified the juice almost two
times faster than heated juice DS.

Since peel extracts causcd the most rapid cloud destabiliza-
tion, the cloud stability of lightly or nonpasteurized orange juice
may be extended if care is taken to prevent peel tissue or peel
juice from entering the juice.
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CITRUS TISSUE EXTRACTS AFFECT JUICE CLOUD STABILITY . . .
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Fig. 2—Effects of rag extracts on juice cloud stability at raom
temperature. Measurements, symbols and error bars as in Fig. 1.
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Fig. 3—Effects of juice extracts on juice cloud stability at room
temperature. Measurements, symbols and error bars as in Fig. 1.

At 4°C peel HDS (100% TT-PME) clarified the juice before
other extracts (Fig. 4). At 3 days the peel HDS reduced the Ay,
to ~0.6 and to < 0.1 at 7 days. The only other treatment that
totally clarified the juice during the 28 day study was juice HDS
(100% TT-PME) which took ~14 days (Fig. 6). At 28 days rag
HDS (100% TT-PME, Fig. 5) decreased the Ay, to ~0.3, while
the juice DP sample (Fig. 6) had an Ay, of ~0.5 and the peel DS
sample, an A, (Fig. 4) near 0.7. The other treatments had negli-
gible effects on juice cloud stability (Fig. 4 to 6). Again, increases
in settling pulp corresponded to decreases in Ay, (Fig. 4 to 6).

DISCUSSION

FruIT TISSUE EXTRACTS from Valencia oranges, used to add to
pasteurized, reconstituted FCOJ destabilized the juice cloud.
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Fig. 4—Effects of peel extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.
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Fig. 5—Effects of rag extracts on juice cloud stability at 4°C.
Measurements, symbols and error bars as in Fig. 1.
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Since heat treatment inactivates all but the TT-PME, the TT-
PME in those tissues destabilized the juice cloud faster than a
mixture of thermally labile PME’s (TL-PME) and TT-PME. All
tissues contained TT-PME although its relative proportion in
tissue extracts varied from 0.2% (peel DP) to 5.6% (juice DP).
Data from Rouse et al. (1962) suggest that tissucs from these
fruit contained near the seasonal average for PME activity. At
room temperature and 4°C, peel HDS (100% TT-PME) desta-
bilized the juice cloud more rapidly than other extracts. Versteeg
et al. (1980) also reported that a purified TT-PME destabilized
cloud faster than two TL-PMEs. At room temperature one ex-
tract, juice DP, which contained only 5.6% TT-PME, destabi-
lized the juice cloud more rapidly than the rag HDS (100%
TT-PME). At 4°C the effects of juice DP and rag HDS were
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