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Effect of Mash Maceration on the Polyphenolic Content and
Visual Quality Attributes of Cloudy Apple Juice
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The effects of enzymatic mash treatments on yield, turbidity, color, and polyphenolic content of cloudy
apple juice were studied. Using HPLC-ESI-MS, cryptochlorogenic acid was identified in cv. Brettacher
cloudy apple juice for the first time. Commercial pectolytic enzyme preparations with different levels
of secondary protease activity were tested under both oxidative and nonoxidative conditions. Without
the addition of ascorbic acid, oxidation substantially decreased chlorogenic acid, epicatechin, and
procyanidin B2 contents due to enzymatic browning. The content of chlorogenic acid as the major
polyphenolic compound was also influenced by the composition of pectolytic enzyme preparations
because the presence of secondary protease activity resulted in a rise of chlorogenic acid. The latter
effect was probably due to the inhibited protein—polyphenol interactions, which prevented binding of
polyphenolic compounds to the matrix, thus increasing their antioxidative potential. The results obtained
clearly demonstrate the advantage of the nonoxidative mash maceration for the production of cloud-
stable apple juice with a high polyphenolic content, particularly in a premature processing campaign.

KEYWORDS: Cloudy apple juice; cryptochlorogenic acid; mash maceration; proteolytic enzymes;
polyphenolic antioxidants; HPLC-MS; cloud stability

INTRODUCTION concentrations of polyphenols are strongly dependent on the
apple cultivar (13,14). However, because clear apple juice
technology is primarily aimed at polyphenol reduction by juice
fining, the process of juice production itself appears to have a

Epidemiological studies have shown an inverse correlation
of increased fruit and vegetable consumption with a reduced
risk of chronic diseases including cardiovascular diseases (1, . . L
2). Fruits, vegetables, and their juices contain a broad Spectrumgreater_|m_‘luence on the polyphenolic contents of the juices than
of natural antioxidants that inhibit human low-density lipoprotein the variation of cultlvar§ (15?'6)' . )
oxidation and could account for the beneficial health eff8¢t ( Apple mash maceration with pectolytic enzyme preparations
4). Apples and apple juices have been shown to possess boths Widely used in the juice industry to improve the juice yield
in vitro and in vivo antioxidant activities that are attributed to and to facilitate the pressing operation. The effect of enzymation
their polyphenolic compounds (5—10). on the polyphenolic content of apple juice has been studied only

The major polyphenolic compounds of apples are not equally Under oxidative conditions of mash treatment according to the
distributed within the fruit (1112). Whereas flavonol glycosides = ¢0mmon production practice of clear apple juice concentrate
and anthocyanins are almost exclusively found in the skin, the (17—19). However, in the case of cloudy apple juice, the
main ﬂavano|5, catechins and proanthocyanidinS, are mosﬂy addition of ascorbic acid to the mash has been recommended
located in the skin, but lower levels are also present in the flesh for both cloud stability enhancement and prevention of oxidative
and core, including the seeds. Chlorogenic acid, the predominantrowning, especially for the production of extremely light
hydroxycinnamate, is mainly present in the core, whereas lower colored juices, for example, for the Japanese marké).(
levels are found in the flesh and skin. Dihydrochalcones, Moreover, inhibitory effects of oxidized polyphenols on the
phloridzin and phloretin xyloglucoside, are mainly located in activity of pectolytic enzyme preparations have been reported
the core, and lower levels are present in the skin and flesh. The(21).

Recently, apple pomace liquefaction with pectolytic and
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Table 1. Variants of Mash Maceration and Corresponding Juice Yields Characterization of Polyphenolic Compounds by HPLC-MS.All
samples were prepared for analysis according to the extraction procedure
proteolytic juice described in reR5, after the juices had been adjusted to pH 1.5. HPLC-
variant enzyme pectolytic activity dosage  vyield® MS analyses were performed using an Agilent (Waldbronn, Germany)
code preparation activity? (units/g) (mg/kg) (%) HPLC series 1100 equipped with ChemStation software, a model
c1e control (without 783 G1322A degasser, a model G1312A binary gradient pump, a model
c2d enzymation) 775 G1313A autosampler, a model G1316A column oven, and a model

) G1315A diode array detector. The column used was an Agque5

ﬁ; Rohavin CXL 128 gi 28 Sg'g Cis (250 x 4.6 mm i.d.) from Phenomenex (Torrance, CA), and a
' security guard @ ODS (4 x 3.0 mm i.d.). The column was operated

Bl Rohavin VR-X 80 10061 240 834 at a temperature of 25C. The mobile phase consisted of 2% (v/v)

B2 80 10061 240 80.9 acetic acid in water (eluent A) and 0.5% acetic acid in water and
acetonitrile (50:50, v/v; eluent B). The gradient program was as
aEnzyme activity units according to product specification. ? All are calculated follows: 10—55% B (50 min), 55100% B (10 min), 106-10% B
to a standard apple juice strength of 11.2 °Brix. ¢ 1 is a variant without ascorbic (5 min). The injection volume was 10L. Simultaneous monitoring
acid addition. 72 is a variant with ascorbic acid addition. was performed at 280 nm (catechins, proanthocyanidins, and dihydro-

chalcones), 320 nm (hydroxycinnamic acids), and 370 nm (flavonols)
conventional mash treatment with pectolytic enzym2g).( at a flow rate of 1 mL/min. Spectra were recorded from 200 to
However, the use of cellulolytic enzymes for fruit juice GOghanPLC tem described ab ted | ) ith
production is still prohibited by law in the European Union. N Syslem described above was connected In Seres with a
R . Bruker (Bremen, Germany) Esquire 300@n trap mass spectrometer
On the other hand, secondary protease activities of commercial

Ivti . besid hei . .. fitted with an electrospray ionization source. Data acquisition and
pectolytic enzyme preparationd), besides their major activi- processing were performed using Esquire Control software. Negative

ties (polygalacturonases, pectin esterases and pectin lyases), align mass spectra (in the rangéz 50-1500) of the column eluate were
widely used in fruit juice technology. However, their potential = recorded. Nitrogen was used as the dry gas at a flow rate of 12.0 L/min
contribution to the release of polyphenols has not yet been and at a pressure of 70.0 psi. The nebulizer temperature was set at
assessed. 365 °C. Collision-induced dissociation spectra were obtained with a
Therefore, the main objective of the present study was to fragmentation amplitude of 1.0 V, using helium as the collision gas
investigate the effect of mash maceration on the polyphenolic (1-1 x 10°° mbar). o _
content of cloudy apple juice. Commercial pectolytic enzyme . Determination of Total and Protein Nitrogen Content. Lyophi-

- . . ..~ lized juice samples were analyzed for their nitrogen content using the
preparations with different I_eve_ls of secondar_y pr_otease a_C_tN'ty FP-528 Determinator (Leco, Moenchengladbach, Germany). Protein
were tested under both oxidative and nonoxidative conditions. jiogen contents were obtained from juice samples dialyzed against
The effects of mash maceration and the addition of ascorbic gistilled water for 48 h using dialysis membranes with a 14 kDa cutoff
acid on yield, turbidity, cloud stability, and color properties were (type 36/32, Roth, Karlsruhe, Germany). Crude protein was calculated
also studied to evaluate the potential application of enzyme by multiplication of the protein nitrogen content by 6.25.
preparations in cloudy apple juice production. Color Measurement. Color properties I(*, a*, b*) of juice sera,
obtained after ultracentrifugation at 50@0@r 1 h (20 °C), were
determined with a Lambda 20 spectrophotometer equipped with an
integration sphere RSA-PE-20 and WinCol software (all from Perkin-

Chemicals. Sources of reference compounds: flavonol glycosides Elmer, Dreieich, Germany). The samples were filledai 1 cmcell
(quercetin 3-O-galactoside, quercetin 3-O-rutinoside, quercetin 3-O- andL*, a*, b* values were determined using llluminant D65 and a
glucoside, quercetin ®-rhamnoside, and isorhamnetirC8glucoside), 10° observer angle. Chroma (C*) and hue angle (h®) were calculated
catechin, epicatechin, caffeic acig:coumaric acid, quercetin, and  from CIELAB a* and b* coordinates:
phloretin (Roth, Karlsruhe, Germany); chlorogenic acid (Sigma, St.

Louis, MO); procyanidins B1 and B2 (Extrasynthese, Lyon, France); C* = (a** + b**)"2 h° = arctan(b*/a*)+ 180°

phloridzin (Fluka, Buchs, Switzerland); quercetinO3xyloside and L

quercetin 3-O-arabinoside (Plantech, Reading, U.K.). All reagents and Browning indices (A were also recorded.

solvents used were obtained from Merck (Darmstadt, Germany) and ~ 1Urbidity Measurement. The turbidities of juices were measured
were of HPLC or analytical grade. nephelometrically with an _LPT 5 two-beam photometer (Dr. Lang_e,

Apple Juice Sample Preparation Apples (Malus domestica. cv. Duesseldor_f, _Germany) using 5_ cm round cuv_ettes a_1t _color_correctlon
Brettacher) were obtained from the Experimental Station of Hohenheim mode. T_urbldlty was e>_(pres_sed in nephelo_metrlc turbidity units (NTU).
University at the early beginning of the harvest season 2003 and WereThe resistance to clarification (cloud stability) was deduced from the
immediately processed into cloudy apple juices. Batches of washed "€/ative turbidity (T%):
apples of~10 kg each were ground in a Bucher grating mill (model
Central 2, Niederweningen, Switzerland). To inhibit oxidative browning
after grinding, ascorbic acid (1 g/kg) was immediately added to the
mash (pH 3.2t 0.1). The mash with or without enzyme addition was
left to stand for 1 h before pressing in a rack and cloth press (Wabhler,
Stuttgart, Germany). To remove part of the coarse pulp particles, the
juice was centrifuged in a chamber separator (SA1-02-024, Westfalia, RESULTS AND DISCUSSION

Oelde, Germany). For preservation, the juice was pasteurizetq90 The chromatograms of all the juices studied, as exemplified

30 s) in a tubular heat exchanger (Ruland, Neustadt, Germany), hotj, rigres 1and3, showed polyphenolic profiles quite similar
bottled, seal_ed under steam |_nject|on, and_cooled to amblen_t ternpta_rgtureto those previously reported for the same apple cultitd).(
Enzymatic mash maceration was carried out under periodic stirring

at 20+ 3 °C for 1 h. Commercial pectolytic enzyme preparations were Howevgr, N _the present study Cryptochlorogen!c akigre .
added at equal pectolytic activities (150 PA/kg of mash) according to ],') was identified by mass Spectrqmetrlc detection for the first
the specifications of the enzyme producer (AB Enzymes, Darmstadt, fime. As recently demonstrated with coffee bea@)(and dried
Germany). The secondary protease activity of the enzyme preparationsPlum (27) extracts, the fragmentation patterns of caffeoylquinic
was determined by casein digestictd]. All variants of enzymatic ~ acid isomers in negative mode ESI-MS proved to be reliable
maceration are shown ifiable 1. diagnostic tools. FromFigure 2 it becomes evident that

MATERIALS AND METHODS

T%= (TJT,) x 100

whereT, andT. are the juice turbidities before and after centrifugation
at 4200gfor 15 min at 20°C, respectively.
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Figure 1. HPLC separation (280 nm) of polyphenolic compounds extracted
from cloudy apple juice (variant C2). Peak assignment: (1) chlorogenic
acid; (2) cryptochlorogenic acid; (3) procyanidin B2; (4) epicatechin; (5)
p-coumaroylquinic acid; (6) phloretin xyloglucoside; (7) phloridzin.

Mihalev et al.

Figure 3. HPLC separation (370 nm) of flavonol glycosides extracted
from cloudy apple juice (variant C2). Peak assignment: (1) quercetin
3-galactoside; (2) quercetin 3-glucoside; (3) quercetin 3-xyloside; (4)
quercetin 3-arabinoside; (5) quercetin 3-rhamnoside; (6) isorhamnetin

3-glucoside; (7) quercetin (aglycone).

Intens.

X108 Table 2. Contents of Polyphenolic Compounds (Milligrams per Liter)?
] 1730 a of Cloudy Apple Juices Produced by Oxidative and Nonoxidative Mash
207 Maceration
oxidative nonoxidative
b . compound ct Al Bl C A B
] chlorogenic acid 89.2x  63.7y 785x 176.7z 153.0w 173.8z
10 4 cryptochlorogenic acid? 47x  A7x  43x 75y 73y Ty
1 p-coumaroylquinic acid®  18.3x  17.0x 17.2x 245y 20.1x  20.3x
procyanidin B2 23x  20x  20x 173y 150y 153y
05 ] epicatechin 35x  37x  33x 267y 243y  27.0y
o 136.1 phloretin xyloglucoside? ~ 13.6x  12.6x 125x  14.2x 140x  14.1x
phloridzin 20.3x 18.8x 215xz 254y 216xz 23.3yz
] 18 quercetin 3-galactoside 07x  07x 09x  09x 08x  0.9x
.~ p ” — o — — — quercetin 3-glucoside 11x  1Ix 1.2 14x  1.4x 1.4x
quercetin 3-xyloside 06x  06x  0.7x 09x  0.9x 0.9x
intens, | quercetin 3-rhamnoside 27x 29 3.0x 40y 3.7y 4.0y
10 b isorhamnetin 3-glucoside ~ 1.8x  1.8x  1.8x 18x 1.9 1.8x
total 158.8 1296 1469 3013 2640 2899

0.8 -

2 All values are calculated to a standard apple juice strength of 11.2 °Brix.
Sample preparation and HPLC determination were performed in triplicate. Values
within a row with the same letters are not statistically different at the 5% significance
level (Scheffe’s test). ? Calculated as chlorogenic acid. ¢ Calculated as p-coumaric
04 acid. ?Calculated as phloridzin.

06

conceivable because these compounds are almost exclusively
located in the skins (31).

As expected, the contents of chlorogenic acid, epicatechin,
and procyanidin B2 decreased substantially due to enzymatic
browning when the mash maceration was performed without
ascorbic acid addition. These compounds are well recognized
as substrates of apple polyphenol oxidase and/or are involved
in nonenzymatic coupled oxidation mechanisB®.(Phloretin
xyloglucoside and phloridzin were oxidized to a lesser extent.

The contents of chlorogenic acid as the major polyphenolic
compound, representing 50—70% of the total polyphenols
detected by our HPLC system, were also affected by the

02 H
179.1

160.8
0.0 1

100 120 140 160 180 200 220 240 miz

Figure 2. MS? spectra of the caffeoylquinic acid isomers (pseudomolecular
ion of m/iz 353 [M — H]~) extracted from cloudy apple juice (variant C2):
(a) cryptochlorogenic acid; (b) chlorogenic acid.

4-caffeoylquinic acid (cryptochlorogenic acid) can easily be
identified by its MS base peak am/z 173. In contrast,
5-caffeoylquinic acid (chlorogenic acid) produced a base peak
atm'z 191 in the MS experiment. The presence of isorhamnetin o,y matic treatment. They were significantly lower in the case
3-glucoside (Figure 3) in apple juices derived from cv. o gnsyme A treated samples, as compared to the enzyme B
Brettacher apples, which has so far been considered a markegpg control samples. These effects could be ascribed to the
for pear fruits and juices (28—30), could be confirmed. different levels of the secondary protease activity of the enzyme
The contents of polyphenolic compounds of the juices are preparations used @ble 1), because the apple mash was treated
shown in Table 2. The main polyphenolic classes were with both preparations at an equivalent level of their major
hydroxycinnamates and dihydrochalcones. Flavanols were alsopectolytic activity. Consequently, consistent with the results of
found in appreciable amounts, whereas flavonol glycoside Beveridge and Weintraul38), higher protein nitrogen and crude
contents were considerably lower. The latter result is in good protein contents, respectively, were found for the enzyme-treated
agreement with the recent findings that the majority of the samples (Table 3). It should be noted that the total nitrogen
flavonol glycosides are retained in the pomace, which is content of the enzyme preparations (data not shown), at the
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Table 3. Total and Protein Nitrogen and Crude Protein Contents Table 5. Intensity and Stability of Turbidity of Cloudy Apple Juices

(Milligrams per Liter)? of Cloudy Apple Juices Produced by Produced by Oxidative and Nonoxidative Mash Maceration?
Nonoxidative Mash Maceration

variant To (NTU) T (NTU) %

variant total N protein N crude protein c1 17 13 765

c2 154.4 2.9 18.1 Al 38 19 50.0

A2 162.0 13.8 86.3 Bl 42 22 52.4

B2 276.5 17.3 108.1 C2 42 24 57.1

A2 489 250 51.1

B2 615 318 51.7

2 All values are calculated to a standard apple juice strength of 11.2 °Brix.
Data are the mean values of two replicate determinations.

@Data are the mean values of two replicate determinations.

Table 4. Color Properties and Browning Index (Asz) of Sera of Cloudy

Apple Juices Produced by Oxidative and Nonoxidative Mash With respect to turbidity, the following quality requirements
Maceration? for cloudy apple juices have been establish&gd= 250 NTU
, . . andT% = 50% (37). As shown imable 5, all juices matched
variant L & b ¢ h Auzo the reference value for the relative turbidity. However, only in
Cl 92.9 —2.6 25.1 25.2 95.9 0.375 the case of nonoxidative enzymatic mash treatment (A2 and
gi ggg :2:‘3" g;g g;g gég 8253 B2) were cloudy apple juices meeting the minimal requirement
c2 %5 0.9 46 47 101.1 0.097 of turbidity obtained. These results must be ascribed to the
A2 96.5 -0.9 4.2 43 102.1 0.092 insufficient maturity of the apples, which were processed
B2 96.2 -09 4.9 50 100.4 0.102 immediately after harvest just at the beginning of the season.
When fully mature apples are used, the production of cloud-
#Data are the mean values of two replicate determinations. stable juices with an intense turbidity does not pose a problem,

dosages added to the mash, wag% of the total nitrogen and turbidity parameters can even be improved after apple cold

content of the corresponding juices. Moreover, Scheibe et al. storage (38). o ) .
(34) observed that the pressing operation significantly reduced Therefore, nonoxidative enzymatic mash treatment could find
the pectinase levels of pressed juices as compared to enzyme@ specific application in cloudy apple juice production, improv-
treated apple mashes. Therefore, the increased protein conterif'd the turbidity-forming potential of apples, particularly when
is assumed to be caused by a synergistic action of pectolytic @pplied in premature dejuicing campaign. Interestingly, oxidative
and proteolytic activities enhancing the degradation of matrix conditions obviously did not inhibit the maceration effect of
constituents. In contrast, the higher polyphenolic content of the the pectolytic preparations because the juice yields were mainly
enzyme B treated samples as compared to enzyme A mayaffected without enzymatic treatmefiaple 1). However, mash
probably be attributed to the secondary protease activity, Oxidation appears to limit the transition of cloud-forming
inhibiting the proteir-polyphenol interactions by hydrolyzing  proteins released during maceration into the juice. This result
the released proteins. The latter assumption is supported by thds probably due to their interaction with oxidized polyphenols.
increased total nitrogen content of the enzyme B treated sampleThe latter assumption is supported by the recent findings that
(Table 3). apple procyanidins, especially those of a higher degree of
Currently, with regard to growing consumer demand for polymerization, rapidly associate with the cell wall mati®@)

healthy nutrition, the main technological challenge is to optimize  The results of the present study clearly demonstrate the
apple juice production with respect to increased bioactive potential of nonoxidative enzymatic mash treatment for the
compounds content while maintaining a high sensoric quality. production of cloud-stable apple juices having high polyphenolic
In the case of cloudy apple juices, color and turbidity are contents, allowing improved juice yields. Moreover, optimiza-
decisive quality attributes. As shown ifable 4, the color  {ion of the enzyme composition is shown to be worthwhile,
properties changed with the oxidation, but not with the pecayse the secondary protease activity of the commercial

enzymatic treatment. THe* values, representing the lightness, pectolytic preparations is apparently correlated with the release
increased with the addition of ascorbic acid. Correspondingly, ¢ polyphenols, as shown for chlorogenic acid, the major

nonoxidized samples were characterized by lower browning polyphenolic compound in the juice. Therefore, studying the

idndfi.c?[s.l Thﬁsbi res:JItsh Cor;f"”.‘ d that a:[sclorbig a(?(ijd t_additiodn effects of different processing steps on the protgialyphenol
etinitely Inhibits polypnenol oxidase-calalyzed oxidation and e actions may provide useful information to improve cloudy

subsequent darkening O.f apple mash. Because immature apple§1pple juice technology with respect to the release of polyphe-
were processed, a relatively large amount .Of ascorbic a_C|d WaSnolic compounds into the juice, which is a prerequisite for their
used in our experiment. As reported earli86,36), unripe in vivo antioxidant activity

apples are highly susceptible to browning, which is attributable '
to lower contents of native ascorbic acid and higher polyphenol
oxidase activity in immature fruits. The simultaneous decrease ACKNOWLEDGMENT

of the chroma value and a slight shift of the hue angle
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nolic antioxidants content and the desired color properties is and nitrogen content, respectively. We are grateful to Gabi
possible. It should also be noted that visual color perception is Arnold and Klaus Mix for technical assistance. K.M. gratefully
influenced by the light scattering of cloud particles, which is acknowledges the scholarship granted by DAAD, Bonn, Ger-
perceived as juice turbidity. many.



7310 J. Agric. Food Chem., Vol. 52, No. 24, 2004

LITERATURE CITED

(1) Ness, A. R.; Powles, J. W. Fruit and vegetables, and cardiovas-
cular disease: a revievnt. J. Epidemiol.1997,26, 1-13.

(2) Hu, F. B. Plant-based foods and prevention of cardiovascular
disease: an overviewAm. J. Clin. Nutr.2003, 78 (Suppl.),
544S—-551S.

(3) Frei, B. Cardiovascular disease and nutrient antioxidants: role
of low-density lipoprotein oxidatiorCrit. Rev. Food Sci. Nutr.
1995,35, 83-98.

(4) Liu, R. H. Health benefits of fruit and vegetables are from
additive and synergistic combinations of phytochemicAis.

J. Clin. Nutr.2003,78 (Suppl.), 517S—520S.

(5) Pearson, D. A.; Tan, C. H.; German, J. B.; Davis, P. A,
Gershwin, M. E. Apple juice inhibits human low-density
lipoprotein oxidationLife Sci.1999,64, 1913—1920.

(6) Miller, N. J.; Diplock, A. T.; Rice-Evans, C. A. Evaluation of
the total antioxidant activity as a marker of the deterioration of
apple juice on storagd. Agric. Food Chem1995,43, 1794—
1801.

(7) Gliszczynska-Swiglo, A.; Tyrakowska, B. Quality of commercial
apple juices evaluated on the basis of the polyphenol content
and the TEAC antioxidant activityl. Food Sci2003,68, 1844—
1849.

(8) Leontowicz, M.; Gorinstein, S.; Leontowicz, H.; Krzeminski,
R.; Lojec, A.; Katrich, E.; Ciz, M.; Martin-Belloso, O.; Soliva-
Fortuny, R.; Haruenkit, R.; Trakhtenberg, S. Apple and pear peel
and pulp and their influence on plasma lipids and antioxidant
potentials in rats fed cholesterol-containing didtsAgric. Food
Chem.2003,51, 5780—5785.

(9) Hyson, D.; Studebaker-Hallman, D.; Davis, P.; Gershwin, E.
Apple juice consumption reduces plasma low-density lipoprotein
oxidation in healthy men and womed. Med. Food2000, 3,
159-166.

(10) Bitsch, R.; Netzel, M.; Carlé, E.; Strass, G.; Kesenheimer, B.;
Herbst, M.; Bitsch, I. Bioavailability of antioxidative compounds
from Brettacher apple juice in humarsn. Food Sci. Emerg.
Technol.2000,1, 245—249.

(11) Escarpa, A.; Gonzalez, M. C. High-performance liquid chroma-
tography with diode-array detection for determination of phenolic
compounds in peel and pulp from different apple varieties.
Chromatogr. A1998,823, 331—337.

(12) Awad, M. A.; de Jager, A.; van Westing, L. M. Flavonoid and
chlorogenic acid levels in apple fruit: characterisation of
variation. Sci. Hortic.2000, 83, 249—263.

(13) Keller, P.; Streker, P.; Arnold, G.; Schieber, A.; Carle, R.
Bestimmung phenolischer Verbindungen in Tafel- und Most-
apfeln mittels HPLCFluess. ObsR2001,68, 480—483.

(14) Sanoner, P.; Guyot, S.; Marnet, N.; Molle, D.; Drilleau, J.-F.
Polyphenol profiles of French cider apple varietidda{us
domesticasp.).J. Agric. Food Chem1999,47, 4847—4853.

(15) Vander Sluis, A. A.; Dekker, M.; Skrede, G.; Jongen, W. M. F.
Activity and concentration of polyphenolic antioxidants in apple
juice. 1. Effect of existing production methodk.Agric. Food
Chem.2002,50, 7211—7219.

(16) Spanos, G. A.; Wrolstad, R. E.; Heatherbell, D. E. Influence of
processing and storage on the phenolic composition of apple
juice. J. Agric. Food Chem1990,38, 1572—1579.

(17) Will, F.; Schulz, K.; Ludwig, M.; Otto, K.; Dietrich, H. The
influence of enzymatic treatment of mash on the analytical
composition of apple juicdnt. J. Food Sci. TechnoR002,37,
653—660.

(18) Schols, H. A.; In't Veld, P. H.; van Deelen, W.; Voragen, A. G.
J. The effect of the manufacturing method on the characteristics
of apple juice.Z. Lebensm. Unters. Forscth991,192, 142—
148.

(19) Dietrich, H.; Rechner, A.; Patz, C.-D.; Bitsch, R.; Béhm, V.;
Bitsch, I.; Netzel, M. Einfluss der Verbeitung auf die phenoli-
schen Antioxidanzien von ApfelséaftenDtsch. Lebensm.-
Rundsch2003,99, 1—11.

Mihalev et al.

(20) Dietrich, H.; Will, F.; Zimmer, E.; Gierschner, K.; Pecoroni, S.
Neue Ansétze zur Charakterisierung und Herstellung naturtriiber
Fruchtséfte Fluess. Obs2000,67, 19-31.

Mitec, M.; Drzazga, B. Interaction between the effect of

enzymatic clarification of apple juice and the amount and quality

of polyphenols. Part Il. Changes of polyphenols during the
production of apple juice and their effect on pectinolygista

Aliment. Pol.1989,15, 3-13.

Will, F.; Bauckhage, K.; Dietrich, H. Apple pomace liquefaction

with pectinases and cellulases: analytical data of the corre-

sponding juicesEur. Food Res. Technd2000,211, 291—-297.

Urlaub, R. Enzymtechnologie imBérblick: Anwendungspo-

tentiale und aktuelle EntwicklungeRluess. Obs200Q 67, 515—

525.

Yoshida, F. Proteolytic enzymes of blagkpergillus. I. Strains

of black Aspergillusproducing high yields of superior proteinase

and the crystallization of proteolytic enzyme frohspergillus

saitoi. Bull. Agric. Chem. Soc. Jpri956,20, 252—256.

Schieber, A.; Keller, P.; Carle, R. Determination of phenolic acids

and flavonoids of apple and pear by high-performance liquid

chromatographyd. Chromatogr. A2001,910, 265—273.

(26) Cliford, M. N.; Johnston, K. L.; Knight, S.; Kuhnert, N.
Hierarchical scheme for LC-MSdentification of chlorogenic
acids.J. Agric. Food Chem2003,51, 2900—2911.

(27) Fang, N.; Yu, S.; Prior, R. L. LC/MS/MS characterization of
phenolic constituents in dried plunds.Agric. Food Chen2002
50, 3579—3585.

(28) Fernandez de Simon, B.; Perez-lizarbe, J.; Hernandez, T.;
Gomez-Cordoves, C. Importance of phenolic compounds for the
characterisation of fruit juices. Agric. Food Chem1992,40,
1531—-1535.

(29) Wald, B.; Galensa, R. Nachweis von Fruchtsaftmanipulationen
bei Apfel- und BirnensaftZ. Lebensm. Unters. Forscth989,
188, 107—114.

(30) Schieber, A.; Keller, P.; Streker, P.; Klaiber, I.; Carle, R.
Detection of isorhamnetin glycosides in extracts of applelis
domesticacv. “Brettacher”) by HPLC-PDA and HPLC-APCI-
MS/MS. Phytochem. Anal2002,13, 87-94.

(31) Price, K. R.; Prosser, T.; Richetin, A. M. F.; Rhodes, M. J. C.
A comparison of the flavonol content and composition in dessert,
cooking and cider-making apples: distribution within the fruit
and effect of juicingFood Chem1999,66, 489—494.

(32) Bajaj, K. L.; Diez de Bethencourt, C. A.; Junquera, B.; Gonzalez-
San José, M. LIn vitro enzymatic oxidation of apple phenols.
J. Food Sci. Technoll997,34, 296—302.

(33) Beveridge, T.; Weintraub, S. E. Protein extraction during
production of varietally derived apple juices using a “macerase”
enzyme.Food Res. Int1997,30, 231—234.

(34) Scheibe, B.; Weiss, W.; Bauer, C.-P.; Gorg, A. Electrophoretic
and immunochemical determination of bioindustrial enzymes in
apple juice.Eur. Food Res. Techno2001,212, 691—695.

(35) Murata, M.; Tsurutani, M.; Tomita, M.; Homma, S.; Kaneko,
K. Relationship between apple ripening and browning: changes
in polyphenol content and polyphenol oxidade Agric. Food
Chem.1995,43, 1115—-1121.

(36) Lozano, J. E.; Drudis-Biscarri, R.; lbarz-Ribas, A. Enzymatic
browning in apple pulps). Food Sci.1994,59, 564—567.

(37) Dietrich, H.; Gierschner, K.; Pecoroni, S.; Zimmer, E.; Will, F.
Neue Erkenntnisse zu dem Phdnomen der Tribungsstabilita
Erste Ergebnisse aus einem laufenden Forschungsprogramm.
Fluess. Obst1996,63, 7-10.

(38) Markowski, J. Some factors affecting quality and stability of
cloudy apple juiceFruit Process.1998,8, 277—282.

(39) Renard, C. M. G. C.; Baron, A.; Guyot, S.; Drilleau, J.-F.
Interactions between cell walls and native apple polyphenols:
guantification and some consequendes. J. Biol. Macromol.
2001,29, 115—125.

(21)

(22)

(23)

(24)

(25)

Received for review March 30, 2004. Accepted September 14, 2004.
JF049480U



