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ABSTRACT

In the present study, effect of exopolysaccharides of six Penicillium spe-
cies on the quality parameters including: cloud stability, phenolic degra-
dation, antioxidant activity, volatile and non-volatile compounds of cloudy
apple juice were evaluated during storage for two weeks at 4 °C. The
added exopolysaccharides showed increase in cloud stability and exhib-
ited a dose-dependent free radical scavenging activity as shown by their
DPPH radical and B-carotene assays. The volatile and non-volatile com-
ponents of the selected treatment (Eup. pinetorum ATCC 14770) were
performed using gas chromatography as well as Gas chromatography-
M ass spectrometry and High performance liquid chromatography, respec-
tively. Twenty-two volatiles, namely 16 esters, 2 alcohals, 2 aldehydes, 1
ketone and 1 monoterpene hydrocarbons were identified in the investi-
gated samples. A total of 10 phenolic compounds were identified, the
predominant compound was chlorogenic acid. This study revealed the
value of exopolysaccharides as natural clouding and flavour stabilizer.
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INTRODUCTION

Cloudy or unclarified applejuice hasincreasing
market due to its superior sensory and nutritional
qualities. Thisnatura food product haslotsof pulpwhich
enhancesitssensory propertiesand providesfiber and
nutrients that may be lacking in clarified juiced®.
Current research has shown some advantages of
consuming cloudy apple juice compared to clear
juice?®!, indicating that this product may be more
beneficia to human hedth than clear applejuice.

Nagel?® sdescribesacloudy applejuiceasalight,
whitishyellow juiceshowing definite cloudiness, which

shows no sedimentation, isfull bodied and juicy, but
hasno astringent or bitter taste. Themain problemwith
cloudy gpplejuice productionistheassuranceof colour
and cloud gability, which arerd atedto enzymeactivities.
The discolouring of cloudy apple juiceresultsfrom
enzymatic browning, whichis caused by the action of
polyphenol oxidase catalyzing oxidation of phenolic
compounds. The control of endogenous pectin
methylesterase activity iscrucid for thecloud stability
of cloudy juices.

Many procedureswere proclaimed, including the
use of ascorbic acid and nitrogen, blanching of pulp,
and controlled pectol ytic enzyme treatment. Another


mailto:gamilemad2000@gmail.com;
mailto:gamilemad2000@yahoo.com

16 Effect of Exo-polysaccharides from different Penicillium

JOFSR, 1(1) 2016

Full Paper e

approach for the prevention of enzymatic browning of
fruit juices has been the use of pH variation, heat
treatment and antibrowning agentg®. Although these
methods may be effectivein retarding or preventing
browning, they a so have undesirabl e effectssuch as
tavour damage, nutritional losses, chemical concern,
and colour alterations.

Recently, microbid polysaccharideshaveattracted
increas ng attention becauseof their effectiveantioxidant
activity. Many studies have shown that microbial
polysaccharidesimprove the activity of antioxidant
enzymes, scavenge free radicals, and inhibit lipid
oxidation®!, Polysaccharides are widely found in
animals, plants, and microorganismsthat havenumerous
bio-activities, e.g. antitumour, anticancer, antiviral,
anti coagulant, and immunologica activities. Fungi are
animportant resourcesof natura bioactive compounds
such as akaloids, terpenoids, steroids, quinones,
isocoumarins, lignans, phenyl propanoids, phenolsand
polysaccharides? with avariety of bioactivities, and
have varied applicableaspectsin agriculture, medicine
and food industry.

In our previous study!*® we had perform screening
the available Penicillium species for their exo- and
endo-polysaccharides producing ability and selecting
the most potent species ‘Eup. pinetorum’ and then
determining the optimum environmenta conditionsfor
its polysaccharides productionin submerged cultures.
In addition, we attempted to investigate the effect of
selected species exopolysaccharides on flavour
compounds of cloudy applejuice.

Littleisknown sofar about the antioxidant effects
of fungal polysaccharidesinred food system, especidly,
the antioxidant activities of the polysaccharidesfrom
Penicilliumspecieswhich have beenrarely reported™.
Therefore, thisstudy aimed toinvestigate the effect of
six Penicillium isolates polysaccharides on cloud
gtability, phenolic degradation, antioxidant, volaileand
non-volatileof cloudy applejuice during storagefor
two weeksat refrigerator.

MATERIALAND METHODS

Materials
(a) Fungal species
ThePenicilliumspecieswereobtained fromNRRL

(Agicultura Research Culture Collection) andATCC
(American TypeCulture Collection).

(b) Fruits

Fresh apples (Malus domestica cv. Anna) were
purchased fromalocd fruit market, Dokki, Giza, Egypt
during 2013-2014 seasons.

(c) Chemicals

Folin—Ciocalteu’s reagent, linoleic acid, B-carotene,
DPPH (1,1-diphenyl-2-picryhydrazyl), Butylated
hydroxy toluene (BHT), tert-Butylated hydroxyl
qunione (TBHQ), Gdlicacid, 3,5-dinitrosaicylicacid
(DNS), D-glucose were purchased from Sigma
(Germany). All other chemica ssuch asabsol uteethanal,
sulphuric acid, barium carbonate (anhydrous), phenol
crystal, chloroform, Tween 20, toluene, sodium
carbonate, glucose, yeast extract, peptone, KH_PO,,
MgSO,.7H,O wereof anaytical grade.

M ethods

(a) Fungal cultivation

Culturesweremaintained at 4°C on potato dextrose
agar (PDA) plateswith periodic subculture. Thefungi
werecultured onaPDA mediumfor 5-7 days at ambient
temperature. Then, plugsof active growing mycelium
(diameter 0.4 cm) wereinoculated into a250 ml flask
containingdightly modify submerged medium congsting
of thefollowing components (g/L): glucose, 40; yeast
extract, 1.0; peptone, 0.5; KH,PO,, 0.5;
MgSO,.7H,0, 0.5 as described in our previous
work!™, ThepH wasadjusted to 6.5, and thentheflasks
wereincubated on arotary shaker at 28°C and 150 g
for 7 days.

(b) Exopolysaccharidesextraction

Exopolysaccharides were extracted according to
Kimet al.’¥, thesampleswereredissolved inditilled
water for determination of the total carbohydrate
content, reducing power, total phenol content, protein
content, and antioxidant activity.

Propertiesof Exopolysaccharides
(a) Deter mination of total car bohydrate content

The carbohydrate contentswere determined with
aphenol—sulphuric acid method according to Masuko
et al.! thecolour reaction wasinitiated by mixing 50
ul of exopolysaccharide solution with 150 pl of
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concentrated sulphuricacid, followedimmediately with
30 pl of 5% phenol, and the reaction mixture was kept
at 90°C for 5min. After cooling to room temperature,
the absorbance of the mixture was measured at 490
nm. Thetota carbohydrate content wascal culated with
D-glucose as standard.

(b) Deter mination of reducing sugar and protein

Thereducing sugar was determined by themethod
of Miller (1959 briefly, 0.5ml of 1% 3, 5-dinitrosdicylic
acid (DNS) was added to an aliquot of
exopolysaccharide (20-500 ul) and the volume adjusted
to 5ml with ditilled water. After shaking, the mixture
washeated in boiling water for 5Sminand cooledtoroom
temperature; 2.5 ml of distilled water were added to
themixture. The absorbance wasmeasured at 540 nm,
and the total reducing sugar was cal culated with D-
glucose as a standard reducing sugar. Total
polysaccharide was the subtraction of reducing sugar
fromthetota carbohydrate.

Proteinswere estimated by the Folin-Ciocalteau
phenol reagent method?? using bovineserum abumin
(Sigma) asastandard.

(c) Preparation of cloudy applejuiceand storage
conditions

Appleswerewashed with running tap water, dried
under fan and then cut into four pieceswith the help of
stainlessstedl knife. Applejuicewasextracted using a
household table top juice extractor (Multipress
automatic Braun MP80, Kronberg, Germany) and
filtered through sterilized doublelayered cheesecloth
to remove impurities and coarse particles. To avoid
undesirableenzymatic browning, 1g/L ascorbicacid was
added to the pressed juice. Then, the samples were
tltered through a 4-layer cheese cloth and poured into
beakers contai ning exopolysaccharideswith different
concentrations. The sample without adding
exopolysacchrides considered as control. The juice
treatments and the control were stored at 4°C
(refrigerator) for two weeks and samplesweretaken
out at intervalsto be assayed.

(d) M easurement of juicecloud stability
During thestorage, diquots (10 ml) of the stored
juiceweredrawn from the upper portion of the bottles.

Thecloud gtability of thejuicewas determined before
and after centrifugation at 4200 xg for 15 min,
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respectively inal cm path cuvette cell asabsorbance
at 660 nmt®  using UV-Vis Shimadzu
Spectrophotometer (UV-1601 PC, Japan).

(e) Analysisof total phenol content and phenolic
degradation

Thetotal phenol content and phenolic degradation
of the studied samples were estimated by the Folin-
Ciocateu colourimetric method, based on the procedure
described by Ibrahim et al .17,

Antioxidant activity assays

(a) Scavenging of 1,1 -diphenyl-2-picrylhydrazyl
(DPPH) radicalsassay

The DPPH radica-scavenging activity of juiceswas
determined according to the method of %7, Theradicd-
scavenging activity of the samples(antioxidant activity)
was expressed as percent inhibition of DPPH radical
asfollowing:

% Inhibition =[(A _ ~A oired=A )] X 100
where A . istheabsorbanceof thecontrol; A, _,

control®
isthe absoptbmce of thetreatments. Butylated hydroxyl
anisol (BHA), tert-Butylated hydroxyl qunione(TBHQ)

were used asreference compounds.
(b) p—Carotene-linoleic acid assay

B-Carotene bleaching assay was carried out
according to the method devel oped by Wettasinghe &
Shahidi®*. onemilliliter of B-carotene solution (0.2 mg/
ml chloroform) was pipetted into around-bottom flask
(50ml) containing 0.02 ml of linoleicacid and 0.2 ml of
100% Tween 20. Themixture wasthen evaporated at
40°C for 10 min using a rotary evaporator (BUCHI,
Germany) toremovechloroform. After evaporation, the
mixturewasimmediately diluted with 200ml of ditilled
water. The distilled water was added slowly to the
mixturewithvigorousagitationtoformanemulson. Hve
ml diquotsof theemulsonweretransferredinto different
test tubes containing 0.2 ml of samplesin 80% methanol
at 1 mg/ml. The mixture wasthen gently mixed and
placed inawater bath at 50 °C for 2 h. Absorbance of
the samplewas measured every 30 minfor 2 hat 470
nm using UV-Vis Shimadzu Spectrophotometer (UV-
1601 PC, Japan). Blank solution was prepared,
containing the same concentration of samplewithout 3-
carotene. All determinationswereperformedintriplicate.
Thetotal antioxidant activity was cal culated based on

control
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thefollowing equation:

AA = [1-(Ag A A A b aaoy)] X100

where: AA: Antioxidant activity

Where, A, isabsorbanceof sampleat Omin., A .,
isabsorbanceof sampleat 120min., A | - isabsorbance
of blank a Omin., A .- isabsorbance of blank at
120min.

| solation and analysis of headspacevolatiles

The volatiles in headspace of treatments under
investigation wereisolated us ng adynamic headspace
system. Thesampleswere purged for ~3hwith nitrogen
gas (grade of N, > 99.99%). The headspace volatiles
were swept into cold traps containing diethyl ether and
pentane (1:1, V/V) and hold at 10 °C. The solvents
containing the volatiles were dried over anhydrous
sodium sulphate overnight. Thevolatileswere obtained
by evaporation of the sol ventsunder reduced pressure.

GasChromatography analysis

Gaschromatography (GC) andysiswasperformed
using Perkin-Elmer Autosystem equipped with tame
ionisation detector (FID). A fused sllicacapillary column
DB-5 (60 m X 0.32 mm i.d) was used. The oven
temperature was maintained initially at 50 °C for 10
min and then programmed from 50to0 180 °C at a rate
of 3°C/ min. Helium was used as the carrier gas at a
fow rate of 1.0 ml/min. The injector and detector
temperatureswere 220 and 250 °C, respectively. The

retentionindices(Kovatsindex) of theseparated volatile
componentswere cal cul ated with hydrocarbons (C -
C,,) asreferences.

Gaschromatogr aphic-mass spectrometric analysis

The analysiswas carried out using a coupled gas
chromatography Hewlett—Packard (5890)/mass
spectrometry Hewlett—Packard-MS (5970). The
ionization voltagewas 70 €V, massrange m/z 39-400
amu. The GC condition was carried out as mentioned
above. Theisolated peskswereidentified by comparison
of mass spectraof thetarget compoundswith those of
the Nationa Institute of Standards and Technology
(NIST) library and verified by theretention indices of
pure standard compoundsidentified by matchingwith
datafromthelibrary of mass spectraand compared with
those of authentic compounds and published datd®.

M easur ement of the polyphenolic compoundsin
applejuicesby HPLC

Briefly, the extraction was performed witha 1:1
dilutionof goplejuicewithHPLC grademethanal. Briefly,
sampleswereinjected onto aRP-HPL C column Zorbax
300SB C,, column (4.5 X 250 mm) (Agilent 1100
Technologies, USA) and duted with aflow rateof 1 ml
min* and amobilephasecontaining: (A) acetic acid/water
(2.5%) and (B) acetonitrilefollowing agradient: fromO
to 10 min, 0% B, from 10to 40, 10% B, from 40to 70,
40% B, up to 72, 100% B. The identification of the

TABLE 1: Theyield of total carbohydr ates, reducing sugar s, Exo-polysaccharides, protein, total phenol content and antioxi-

dant activity of thesix Penicillium species

Total Antioxidant
Penicillium Total R;(jl;;:irrslg polys::)éﬂ-ari des Protein (E)ohnetneﬁlt activity (%)
species car bohydratesg/L gL glL mg/g mg/ DPPH® o gt-ene
GAE/g
S o % wn 3E A 0RO
Eup. pinetorum 3.48+0.15 8:2?5 3.43+0.13 %%'159:!? gigi g_zl'gib gigi
Crustosm 1ss020 G 1ss017' QR TR Giet  oaad
P. chrysogenum 2.83+0.17° 8‘2‘; 279+ 0.20° 33"5’; 4(?'117* ?fﬁi g?z'éi
P. megasporum 1.88+0.13° 0(')916; 1.82+0.19° %(_)'2241: 301_'23; g.liiﬁ; g_gz'ij;
P. olsonii 2.98+0.21° 8:2235 2.93+0.21° %(_)'2‘51‘ 45'11; ?ﬂ"gﬁ gfo’z";;

*: Values are expressed as (mean + SD, n=3); The same letters within the same column are not significant (P < 0.05)
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componentsinthesamplewasdoneby comparing their
retentiontimeand UV spectrawith thoseof polyphenalic
compound external standards Hoang et al.,™®. Each
compound was quantified by comparing itspeak area
againg thestandard obtained specificaly for thereference
solutions containing that compound.
Satistical analysis

Results were given as mean+SD of three
independent determinations. One-way analysis of
variance (ANOVA) and least signiticant difference
(LSD) were performed using SPSS.14 to determine
any sgniticant difference among various treatments was
used to compare the means. Differences were
considered to besigniticant at P < 0.0554,

RESULTSAND DISCUSSION

Compositional analysisof crudepolysaccharides
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The results in TABLE 1 showed that all the
experimental fungi produced variable amounts of
exopolysacchrides, it wasclarified that thehighest totd
carbohydrate content and exopol ysaccaharideswere
resulted from theisol ates; Eup. Pinetorum, P. olsonii
and P. chrysogenum, are 3.48,2.98and 2.83 g/L for
total carbohydrates and 3.43, 2.93 and 2.79 g/L for
exopolysaccharides, respectively. With regard to the
estimation of reducing sugar, it was shown that the
exopolysaccharides of P. megasporum and P.
crustosum had the highest and thel owest amounts of
reducing sugar. The total phenol contents in the
exopolysaccharideswered soinvestigeted. It wasshown
that P. crustosumand P. ol sonii havethe highest total
phenol content (44.2 and 42.1mg GAE/g of
polysaccharides, respectively). Moreover, protein
content of the three above mentioned isolates, Eup.
Pinetorum, P. olsonii and P. chrysogenumwas 31.5,
30.4 and 34.3mg/qg, respectively.

TABLE 2: Changesin thecloud stability (T%) in applejuiceduring two weeksof storageat 4°C

Storage time (days)

Usage level uL/ 100 mL zerotime 2 4 8 14
Control 96.3+1.09*2 92.2+0.31 89.5+0.28 88.6+0.91 87.4+0.24
Eupenicillium ochrosalmonium

150 96.84+0.88 93.4+0.16  92.3+0.34% 91.1+0.24 90.7+0.492
300 97.4+0.34° 94.5+0.29" 93.7+0.29° 92.8+0.19°  91.6+0.34°
450 98.3+0.46 95.8+0.95° 95.1+0.24° 93.3+0.12° 92.5+0.28

Eup. Pinetorum
150 98.3+0.28 95.4+0.37 94.8+0.17 94.2+0.18 92.3+0.17
300 98.7+0.21 95.7+0.12° 94.4+0.12 93.8+0.61 92.7+0.24
450 99.2+0.19 96.3+0.16 95.2+0.31° 94.7+0.17 93.2+0.25

Penicillium crustosum

150 96.7+0.34 93.4+0.94% 92.7+0.15 92.6+0.26 91.4+0.16%
300 97.4+0.27° 94.7+0.39° 93.3+0.28 92.8+0.61*  91.6+0.12°
450 97.84+0.22° 95.2+0.67 94.8+0.23 93.3+0.58" 92.9+0.51

P. chrysogenum
150 97.2+1.17 94.4+1.03 93.3+0.37 92.7+0.74 92.1+0.46
300 97.8+0.97° 94.7+1.07 93.8+0.12° 92.9+0.15% 92.5+0.24
450 98.4+0.45 95.2+0.92 94.2+0.19 93.4+0.16° 92.8+0.16

P. megasporum
150 96.5+0.142 92.2+0.86 91.6+0.20 90.6+0.13 89.7+0.12
300 96.8+0.18 93.3+1.08%  92.7+0.27° 91.4+0.24 90.8+0.242
450 97.3+0.16° 93.9+2.03 92.9+0.91 92.2+0.28 91.5+0.29°

P. olsonii

150 97.5+2.04 94.7+0.89°  93.8+0.64° 92.3+0.64 91.7+0.31
300 97.8+0.17° 95.3+0.94 94.2+0.29 93.7+0.91 92.2+0.27
450 98.2+0.16 95.8+1.06° 94.9+0.37 94.1+0.14 93.3+0.25

*: Values are expressed as (mean + SD, n=3); The same letter within the same column are not significant (P < 0.05)
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Our resultsin good agreement with Dong & Yao!¥
whofoundthat highyiedsof exopolysaccharideswere
extracted from both natural and cultured mycelia of
Cordycepssinensis. While, Chenet al [, reported high
exopolysaccharide production by the mangrove
endophytic fungus Aspergillussp. Y 16. On the other
hand, the obtai ned resultswas not in accordance with
Thetsrimuang et al.®*2, who found that the
exopolysaccharideof Lentinuspolychrousmycdliahad
the lowest total carbohydrate, whereas the
exopolysaccharide of dried fruit body had the highest
valuewhile, mycelium wasfound to givethe highest
yiddof crude polysaccharide, but withthelowest content
of total carbohydrate.

Antioxidant activities of
exopolysaccharides

It wasclarified from TABLE 1 that Eup. Pinetorum
possesses potent antioxidant activity followed by P.
olsonii and Eup. ochrosalmonium with scavenging
effect amountedto 72.3, 66.4 and 64 %, respectively
on DPPH radicals and 65.6, 63.4 and 60.3 %,
respectively on 2-carotene assay. The effect of
antioxidantson DPPH radica sscavengingisduetotheir
hydrogen-donating ability, while, The bleaching
mechanism of 2-caroteneis a free radical mediated
phenomenon resulting from the formation of
hydroperoxidesfrom linoleic acid oxidation®”. Inthe
absence of antioxidant, 2-carotenewill undergo rapid
discoloration. Theaddition of theantioxidant containing
extracts can protect the extent of 2-carotene orange
colour by neutralizing the peroxide productswhichwere
formedfromlinolecacid. Our resultsarein accordance
to Li et al'®, who found that the DPPH scavenging
activity was increased with the exopolysaccharide
concentration increas ng produced from Berkleasmium

.
Cloud stability

During the storage period of 14 days, somebottles
weretaken out of the cultured box and somejuicewas
drawnfrom theupper portion of the bottles and assayed
directly or assayed after being centrifugation and the
obtained dataaredisplayedin TABLE 2. The added
exopolysaccharides showed increasein cloud stability
withincreasing the concentration. Under our studied

fungal

concentration thehighest stability wasintrestment with
Eup. Pinetorum (99.2%) at 450 ul/100 ml juice
followed by P. chrysogenum (98.4%) whilethelowest
stability had obtained in the treatment with P.
megasporum (97.3%) at the sameleve at zerotime.

Asthe storagetime prolonged from zeroto 14 d,
the cloud stability in all treatments decreased
sgnificantly, but minima decreasewasobservedin Eup.
Pinetorum (93.2%). Our resultsin good manner with
Genovese & Lozano'? who found that the greater
stabilizing effect of CMC in cloudy applejuicewas
basicaly duetoitselectronegativity.

Also, Zhang et al.*¥, also found that al ginate-Na
with negativechargehad an effectiveactionin preventing
sedimentationin combined vegetablejuice.

Phenolic degradation and phenolic compounds

The obtained data of phenolic degradationin all
treetmentsaswed| astheindividua phenolic compounds
intreatment with Eup. Pinetorum—selected sample-
weregivenin (TABLES3and 4).

In TABLE 3 results of phenolic degradation of
cloudy apple juice treated with several
exopolysacchrides during storage are presented and
reveal ed that with prolong the storagetime anincrease
in phenolic degradation had occurred. Generally, the
decline of phenol content wasin therangefrom 16.90
% (Eup. Pinetorum) to 33.4 % (P. megasporum) after
two daysof storage. Phenolic degradation measuredin
theinvestigated sampleswasinlinewithi®,

During the storage experiment of juiceswith and
without exopolysaccharides added at 4 °C for two
weeks, the phenolic degradation and chlorogenic acid
became more important by prolonged storage time
(TABLES3and 4). Sincethepolyphenol oxidasewas
inactivated, the decrease of polyphenolswas caused
by non-enzymatic reaction.

Inaprevious study Carboneet al.®, studied the
influence of genotype, tissuetypeand cold storageon
bi oactive compoundsof different applecultivars, where
total phenol content wasdramatically reduced after cold
storage (flesh 50 %; peels 20 %). Onthe other hand,
resultsby Burdaet al.¥, showed that the concentration
of themajor phenoalics, epicatechins, procyanidin B,,
and phloretin glycosidesin applefleshremained at a
relatively constant level during the storage. Since
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TABLE 3: Phenolicdegradation in cloudy applejuicestored at 4°C after different treatmentsat threeconcentrations(g/100
ml)

Storage time (days)

2 4 8 14
Usage level uL/ 100 mL
Eupenicillium ochrosalmonium

150 32.6+0.02% 35.3+0.09% 39.7+0.52 40.6+0.27%
300 31.4+0.182 34.2+0.12° 38.5+0.19% 39.7+0.30
450 30.5+0.31° 34.1+0.91 36.4+0.31° 37.8+0.28°

Eup. Pinetorum
150 19.5+0.14 22.8+0.62° 26.44+0.37 28.3+0.91°
300 17.4+0.12 19.6+0.35 20.7£0.16 24.5+0.84
450 16.9+0.05 18.2+0.17 19.3+0.18 21.8+0.57

Penicillium crustosum

150 34.2+0.17 36.4+.61 38.9+0.192 40.1+0.312
300 31.2+0.212 33.7+0.25¢ 36.7+0.28° 38.4+0.29
450 30.7+0.16° 31.4+0.37 35.3+0.29° 37.9+0.25°

P. chrysogenum
150 31.9+0.08° 33.7+0.31 35.6+0.51 37.2+0.19
300 29.7+0.14 31.440.18 32.7+0.19 35.6+0.14
450 28.3+0.12 30.8+0.12 31.8+0.13 34.5+0.34

P. megasporum
150 33.4+0.31 35.8+0.37% 37.6+0.82 38.2+0.61
300 31.7+0.28° 34.2+0.62° 36.8+0.74 37.9+0.18°
450 30.8+0.15° 33.9+0.24¢ 35.4+0.62° 36.5+0.16

P. olsonii

150 23.7+0.11 25.6+0.09 29.8+0.56 30.4+0.54
300 22.8+0.02 23.4+0.15 26.7+0.38 29.8+0.19
450 20.6+0.31 22.9+0.38° 25.8+0.47 28.6+0.17°

*: Values are expressed as (mean + SD, n=3); The same letter within the same column are not significant (P < 0.05)

TABLE 4: Effect of Eup. Pinetorum on phenolic compound concentr ations (mg/100 mL ) of Cloudy applejuicestored for two
weeksat 4°C

. Control Eup. pinetorum
Phenolic compound
Fresh Stored Fresh Stored
Gdllic acid 0.06+0.002* 0.03+0.001 0.95+0.15 0.84+0.09
Ellagic acid 0.28+0.04 0.14+0.01 0.36+0.43 0.29+0.01
Qurecetin 0.07+0.001 0.06+0.003 0.14+0.07 0.11+0.007
Chlorogenic acid 12.9+0.14 6.72+0.21 13.72+0.16 12.96+0.18
Cinnamic acid 0.83+0.05 0.61+0.04 0.9440.03 0.87+0.05
Pyrogallol 0.43+0.06 0.29+0.19 0.55+0.22 0.43+0.12
Synirgenic acid 1.14+0.04 0.87+0.13 1.344+0.18 1.29+0.17
Catechin 0.09+0.008 0.01+0.005 0.07+0.004 0.01+0.003
Ascorbic acid 1.37+0.19 0.74+0.08 1.38+0.12 0.25+0.04
P-Qumaric acid 0.76+0.03 0.56+0.017 0.85+0.05 0.78+0.17

*: Values are expressed as (mean + SD, n=3)

individua phenolic compoundshaveshowntovaryin  duringthestorage.
their browning rates, it isimportant to know that the Thesignificant changeof the phenolic degradation
concentration of individual phenol inappleschanges may bedueto higher concentration of theindividual
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phenolic compounds, such aschlorogenicacid, ascorbic
acid and synirgenic acid. These compoundsarewell
recognized as substrates of apple polyphenol oxidase
and/or areinvolvedin nonenzymetic coupled oxidation
mechanismg?.

Atota of 10 phenolic compounds(TABLE 4) were
identified by HPLC systemininvestigated treatments
which were gallic acid, ellagic acid, Qurecetin,
cholorgenic acid,cinnamicacid, pyrogalol, synigenic
acid, catechin, ascorbic acid and P-qumaric acid.

The contents of chlorogenic acid as the major
polyphenolic compound, representing 66.99-72.69%
of thetotd polyphenolsdetected in stored control and
stored treatment of Eup. Pinetorum, respectively.
Other authorshavereported high level sof thisphenolic
compoundin apples®,

Antioxidant properties

(a) Scavenging ability on DPPH°radicals

Asisshownin TABLED5, thecloudy applejuice
treated with six exopolysaccharides of Penicilliumsp.
During storagefor 14 daysat 4 °C showed increasein
antioxidant activity with increasing the applied
concentrations. However reversiblerelationship had
occurred with increasethe storagetime.

The order of studied exopolysaccharides in
antioxidant activity was Eup. Pinetorum> P. olsonii
> P. chrysogenum> Eupenicilliumochrosalmonium
> P. megasporum and Penicillium crustosum had
thelowest antioxidant activity a thesame concentration
450ul/200ml. Thereisno S gnificant (P< 0.05) between
Eup. Pinetorumand BHA after two daysof storageat
4 °C.

The complexity of exopolysaccharidesmolecular
sructureand chemica composition of polysaccharides

TABLE5: Antioxidant activity of cloudy applejuicetreated with six exopolysacchridesduringtwoweeksof storageat 4°C

asdeter mined by DPPH°and B-Car oteneassays

Storage time (days) DPPH® B-Carotene
Usage level uL/ 100 mL iiz 2 4 8 14 Zerotime 2 4 8 14
Control 617+1.13* 553:0.64 51.8:0.61  49.5:027  48.2:029 58.7+0.81  56.3t0.64  49.8:1.06  47.260.79  45.9:0.72
Eupenicillium
ochrosalmonium 85.4:028  79.2:031% 71.6:0.28% 69.4£0.13° 66.8£0.11  64.2:0.79  610+0.82° 5074028 57.2:0.84%  55.4+0.34%
150
300 86.7+0.37  816+0.22° 77.5£0.19° 72.3+0.27° 69.4+0.16  66.8+0.72° 62.4£0.94° 60.8+0.31° 59.4+0.15°  56.8+0.28
450 88.3:1.16° 82.4:0.14° 79.3:024  74.9:026  715:0.17 67.3:0.64° 635037  6L4+0.39  60.7:0.34°  57.2:0.46
Eup. T;for“m 90.2+0.94°  885:0.199 87.5:047  86.4£0.52  857:0.54  714+028  69.8£0.64  67.2:0.15 65.9:0.54%  64.8:0.51
300 92.6:0.83  90.3:031  88.2:¢0.51° 87.940.18  86.3:029  72.6:0.19  705:058  68.7+028  66.5:0.82  65.140.29
450 037:024  91.8:025  00.8:0.37 885:£0.14° 87.0:.024  75.9:034  713+091  60.8£0.52  68.3:0.73°  67.4:0.38
Pe”id”i”ggmsmsum 79.8:2.01  75.6+0.15  705£0.14  67.4+1.02 6514008  6L4+0.15 57.1+1.12  55.8:0.13 5344052  51.8+0.16
300 80.4+1.16  76.9:045  713:029° 69.2+1.13% 66.8:1.03  62.8:0.17  58.3+0.67 56.9:0.25  53.9:0.18  52.4+0.18
450 81.3:128  782:0.61  729:0.65 7064027  67.4£1.05  63.7:0.6]  58.9:0.83  57.2¢029 5426029  53.6:0.25
P. Chrﬁ%gm“m 86.4:031  827:0.82° 80.5:0.38  77.6£1.02 75.8:028% 65.8:028  635:0.95 60.8:1.02° 50.4:0.61°  58.7:0.83
300 88.2:0.18%  83.6:091  814:022  78.4+0.84  769:029 67.0:081° 654:1.16 6L3£0.55 5076025  50.6:0.97
450 80.74029  845:037  8LO:0.11  79.3£0.75  77.5:0.24° 68.2:0.63  66.1+0.30  62.7+0.24  60.3:0.19°  60.3:1.03
P. me‘i";zpor”m 8L5¢0.11  79.3:0.12° 77.8£1.05° 727+0.15° 704038  63.7£022  615:0.61° 58.4+0.19  56.5£0.84  54.2+0.31
300 824+024  8L6:0.14° 79.2:1.12  734+0.19  72.8:045  65.3:0.13  62.4+0.58° 50.0:024° 57.8:037% 55.3:0.11°
450 839:026  825:035  80.6:0.92  758£024  732:0.71  66.9:0.18% 6281073  612+0.67 50.3:0.19°  55.9:0.08
P. T;g”” 88.4+0.17° 845:1.12  8L7+021 764031  748:121  685:0.12  66.24026 6574043  645:0.11  63.2:037
300 80.6:1.14  86.3:207  825:0.16 78.9+0.26 752:1.06 60.4:037  67.8£0.37  66.1:028  64.8:034  63.9:0.88
450 005:1.06°  87.9:021  832+0.19 791018  77.5:1.14°  70.3:0.82  68.940.29  67.3:039° 65.3:0297  64.2:0.92
BHA 200 ppm 80.140.05  80.1+0.04% 88.7:0.02° 88.6£0.03° 885:0.06 68.4:0.06  68.3:0.02  68.3£0.05 68.2:0.04°  68.1+0.03
TBHQ 200 ppm 043:0.01  94.3:0.06  94.2:0.05 O041£0.08 941002  76.2:0.04  76.2£0.01 761003  76.1:0.01  76.1:0.02

*: Values are expressed as (mean + SD, n=3); The same letter within the same column are not significant (P < 0.05)
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TABLE 6: Effect of exopolysaccharidesproduced by Eup. pinetorum and stor ageon volatilecompoundsidentified in headspace

of cloudy applejuice (CAJ)

Volatile compound RIS Control pi nztlf)?.um Odour deczscription IdentificatLon method
Fresh Stored Fresh Stored
Esters
Ethyl ethanoate 596 2.34° 1.26 1.85 1.73 MS, RI, St
Ethyl acetate 642 1529 1294 1632 1498 MS, RI, St
Propyl acetate 698 253 0.75 2.81 184  Strong-sweet MS, RI, St
Ethyl propanoate 745 183 0.91 1.96 1.76  Pungent MS, RI
Methyl butanoate 753 137 0.95 152 148  Sweset, apple-like MS, RI
I sobutyl acetate 769  0.53 0.62 1.13 1.10 MS, RI, St
Butyl acetate 828 5.92 371 6.31 5.78 MS, RI
Ethyl butanoate 849 748 3.69 7.59 6.41  Apple-like, fruity MS, RI, St
Eil-2-methy! 875 275 1824 2751 2586 MS, RI
2-Methylbutyl acetate 885 221 0.18 0.63 0.58  Sweet, apple-like MS, RI
Propyl butanoate 897 047 0.23 0.57 0.44 MS, RI, St
Ethyl pentanoate 956 1.19 0.12 0.84 0.71 MS, RI, St
Butyl butanoate 997 352 2.89 4.61 3.83 MS, RI
Ethyl hexanoate 1001 0.65 0.52 0.75 0.39  Rotten apple MS, RI, St
Hexyl acetate 1015 1.8 0.74 2.57 1.16 MS, RI, St
Hexyl butanoate 1187 194 0.62 1.32 1.18 MS, RI
Alcohols
Ethanol 615 1567 2429 781 1453  Green, grass-like MS, RI, St
1-Butanol 693 851 1345 547 8.38  Sweet MS, RI, St
Aldehydes
3-Methyl butanal 751 1.28 0.63 217 231  Sweset, apple-like MS, RI
Hexanal 773 1961 5.67 1.19 143 MS, RI, St
Ketones
1-Penten-3-one 742 042 0.31 1.75 1.49 MS, RI
M onoter pene hydrocarbons
D-Limonene 1031 1.29 1.65 1.32 1.27  Cheesy MS, RI, St

& retention indices; ™ Values are expressed as relative area percentage to the total identified volatile compounds. ¢ Odour
descriptions cited from Aaby et al. (2002),Plotto and M c-Daniel (2001) and Fukami et al.(2002). d:b:Compounds identified by

GC-MS(M S) and/or by comparison of MS and RI of standard

fractionsisolated from medicind fungi makesit difficult
to elucidatetheir structureand activity rdationships. It
has been suggested that the antioxidant capacity of
exopolysaccharides moleculesmay beascribed to their
hydroxyl group, which donates e ectronsto reducethe
radicalsto amore stableform or reactswith thefree
radicalstoterminatetheradical chainreaction. Inthe
present study a significant correlation between
antioxidant activity as determined by DPPH and [3-
carotene assaysand phenolic degradation had observed
andtheseresultsarein agreement with™.

compound (&) run under similar conditions

To thebest of our knowledgethisstudy isthefirst
trial to investigate the antioxidant activity of
exopolysaccharidesinred food system.

Moreover, the antioxidant capacity of
polysaccharidesmol ecul esa so depends strongly onthe
typeand organization of sugar monomers, thelinkage
pattern of themain chain (o or ) and the branching
configuration.

(b) Scavenging ability on p-carotene

Therdativeability of the exopolysaccharidesto act
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asantioxidantswasinvestigated throughinvitromodels
such asthe 3-carotene-linoleate model system. The
antioxidant activity of the added exopolysaccharides
wasassayed at 150, 300, 450, uL/100 ml cloudy apple
juiceandwas compared withBHA and TBHQ (TABLE
5). Theantioxidant activity of the exopolysaccharides
was found to increase with an increase in its
concentration. Eup. Pinetorumshowed nonsignificant
activity compared to BHA after 8 days of storage
(TABLEDY).

In the present study, it was observed that the
polysaccharides hindered the extent of 3-carotene
bleaching by neutralizing thelinoleatefreeradica and
other freeradicalsformed in the system. Antioxidant
activity of antioxidants might be attributed to some
mechanismssuch aspreventing chaininitiation, binding
trangtion metd ion, decompos ng peroxides, preventing
continued hydrogen abstraction, reducing ability and
scavenging freeradical 4,

(c) Analysisof volatile

Volatile compoundsin thefresh and stored control
cloudy applejuiceaswell astreated by Eup. Pinetorum
at zerotimeand after two weeks of storageat 4°C and
their Klsarelisted in TABLE 6. Twenty-two volatiles,
namely 16 esters, 2 alcohols, 2 adehydes, 1 ketone
and 1 monoterpene hydrocarbonswereidentifiedinthe
investigated samples.

Cloudy applejuiceismainly composed of esters
(51.2%), alcohol s (24.18%) and a dehydes (20.89%)
inthefresh control sample. Themajor alcoholsswere
identified asethanol and butanal inthecontrol andtrested
samplewith Eup. Pinetorum.

Esters made up to 52.1%, 48.37%, 78.29% and
69.23% of thetota volatilecompoundsin fresh control,
stored control, treated by Eup. Pinetorum at the
beginning of storage and stored one, respectively. The
major compoundswereethyl acetate, ethyl butanoate,
butyl acetate ethyl-2-methyl butanoate, ethyl ethanoat
and propyl acetate (TABLE 6). Many researchershave
reported that estersplay animportant rolein theflavour
of apples??, they also reported that esters make up
to 87% aspredominant volatile compounds according
to the condition of storage. Ethyl butanoate was
suggested to be the important odorant in 40 apple
cultivargd.

Alcoholswerethe predominant chemica group of
thevolatilecompoundsin cloudy annaapplejuice, with
aproportion of upto 24.18% and 37.74%infreshand
stored control, respectively. The major compounds
bel onging to d cohol wereethanol and butanol. Previous
reports showed that these alcohols are the most
dominant compoundsin appl€?. heestersand acohols
whicharetheproductsof fatty acid metabolizationwere
the major groups 44% and 41% of totalsvolatilesin
theapplejuice, respectivelyl.

Aldehydeswerethehighest proportion of thevoletile
compoundsin annacloudy applejuiceaccounting for
20.89% and 3.36% of thetotal content in fresh control
and treatment of Eup. Pinetorum, respectively. While,
hexanal wasthe mgjor aldehyde in fresh and stored
control, 3-methyl butanal was identified as major
compounds the sample treated by Eup. Pinetorum
(TABLE 6). Theseresults confirmed by Komthong et
al.[*¥ ' who reported that hexanal is the most potent
aromatic al dehyde with green/grassy odour in apple.
Dueto thelow threshold valueand therelatively high
concentration, hexanal was regarded as the main
contributor to grassy odour in the headspace gas. In
addition to annaapple, hexanal was described to be
the most potent odourant in other apples and unripe
fruits. Hexand wasthemost potent odorant in ddehyde
group. Duetothelow threshold vaueand therdlatively
high concentration, hexanal wasregarded asthemain
contributor to grassy odor in the headspace gas. In
addition to annaapple, hexanal was described to be
the most potent odorant in other apples and unripe
fruitg®,

CONCLUSION

The obtained results show that, adding of
exopolysaccharides of six Penicilliumspeciesonthe
qudity parametersof cloudy applejuicewas stablefor
extended periods of storage. It wasindicated that exo-
polysaccharides from Eup. Pinetorum possessed
cons derableefficiency to prevent phenolic degradation
during storageand significant radica scavenging activity
on stable DPPH radicalsand B-carotene assays. Exo-
polysaccharides from Eup. Pinetorum should be
regarded asavaluable product and has potential asa
va ue-added ingredient for functional foods.
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