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Pulp aeration markedly reduced the content of polyphenol com
pounds in apple juice. The largest quantities of the-se compounds were 
found in juice obtained fro-m depectinized pulp and by a technology in
volving an addition of ascorbic acid to disintegrated apples. The juice 
obtained by technologies using pulp aeration or additions of ascorbic 
acid to disintegrated apples received the lowest organoleptic ratings. 
Changes in the contents of ferulic, m-cournaric, p-coumaric, caffeic acids 
and of the flavonols kempherol and quercetin appear to have no effect 
on the sensory properties of the juice. 

lNTRODUCTION 

The various methods of obtaining apple juice are responsibLe for con
Siderable diffeirences in its orgainoleptic or dieteti,c properties. The ju,ice 
comP<ments fairly susceptible to all kiinds of che·m·ical aind biiochemical 
transformations include .. in addition to aromatic substainces and vitamins, 
a~ polyphenols. The larttex a1though occurring tn reLatively 8mall quan
hties, of the ord~ of 0.05-0.50/o, play an important role ~n the sha,ping of 
organoleptic and dietetic properties of various k,~nds of juices . 
. _ 1'he effect polyphenols have on the qualitative pr,op~ties of apple 
lllice (colour, taste) is one of the reasons for rthe conside:r.able interesit in 
the P<>ssible transformations of these compounds during th€ pr-ocesH ing of 
al)Ples in.to jmce. The grea,test changes and losses ,of polyphenol su bst.an
t'es in apple pirocessing occur dwring: 

- the disinteg~artioo of apples, 
- the extraction of juioe apple pulp, 
- the c1a:rification arui filtering of juices [8, 15, 23, '.l7 J. In the cou,r:;e 
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of the se p!rocesses we ha ve to do mainly wtth enzymatic and nonenzymati.c 
o:x:idation of polypheinol compounds. The susceptibiHty of the vartous po
lyphenols to oxidation differs considerably. Catechins, leucoanthocyanidins 
and ch1orogenic actd oxjdizie most ~eadily while, f.O!r example, flavonols 
are 1relative immunie to this process. Certain l1osses of polyphenols a1re 
also due to reaotions w,ith, among others, heavy metaJ Lons and proteio:ls, 

resulting in v,airious differen.t -combinahons ,[7, 11, 12, 24]. 
Recenit studies tend to ooncentralbe on the prob1ems of m,creasiing the 

extra,ction of polyphenol ·oompounds f~om aW)les, 1and of reducing the 
losses of these ,oom.pounds dtllri.ng rre,ohno1ogical proces.sing. Thi.s creiates 

possibilities of far-reaching quantitative and qualitactive ch,a,nges in poly
pheno1s oontent ,in apple jutae which oould lead to the production of juices 
with desir.able orgainolephc p~opeirties. 

OBJECTIVES AND SCOPE OF STUDY 

The piresent studies were prompted by ,the mcreasing share of the so 

c1alled "table" apples in industrial processing. These apples contain con
sidel'!ably 1ess polyphenol substances than the va.rieties processed hereto
fore. When the polyphenols oontent in apples is high, :its reduction in the 
technologicaJ process is downrighrt welcome and there is no need for in
hibiting polyphenol oxidation or fOir extracting the forms of these com
pounds which a•re localiz-ed mainly in the peel. 

The goal of the present studries was the determinaction ,of the effect of 
various technological procedures applicable on an industrial soale and used 
in apple juice production on the quantitative changes in polyphenol com
pound oontent. 

Experiments were performed for four years on musts obtained frorn 
Me Intosh apples, and for the 1ast two yeairs also on musts from so called 
"industrial" apples, i.e. mainly from the Landsberska, Boiken, Jr0natha.Il 
and many other Reneta varieties. The followiing variiaints óf arpple juice 

productioo technology were used: 

1. Addition of ascorbic acid (AA) to disintegr.ated apples - pulp de
pectinization - pressing - centrifugation - pi,eservabon; 

2. Disinteg.rabon of app1es - pulp depectinization - pressing - cen
trif ugation - preservation; 

'f ga-3. Disintegration of apples - pulp aeration - pressing - centn u 
tion - preservation; 

4. Addition of ascorbic acid (AA) to distntegrarted apples - pressing -
centrifugation - preservation; 

. 5. Disintegration of apples - pressing - juice depect.itnization - cen
trifugation - presenration; 
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6. Dis.integrat1on of apples - pressing - centrifugation - p['eservation 
(control technoJogy). 

Washed appl,es w,ere disiinitegrated and tben .pressed on a Bucher Guyer 
type TPZ-7 appai.I'ratus. The juke was pressed at oa. 1 MPa pressure. Must 
yi€ld ranged fr,om about 73 to 800/o diep,ending on the mitial p~o,oessing 
applied. Prirnr to bi0ittliing, the must w1as centrifuged in a chamber centri
fuged in ,a chamber ce,nt1rifuge manuf,a,otured by VEB(K) Sepairatorenbau 
Hwinichen (SA). Aftecr- pour-ing into 0.33 dm3 bott1es the must was pasteu-
. 25-20-20 

nzed. The past.eUTiza bon parameters we,re gsoc 
Asoorbic acid (500 mg per kg aipple pulp) was added diirectly after the 

disintegrortii.1on of the firuits. Pulp depectini:uation was perform,ed with en
zymatic p~epa['\ation PT (2 kg per 1000 kg of pulp) at 45°C for 2.5 h. Juice 
was depectinizied for 1.5 h. Pulp was ae~ated by-m1echanical m-ixing -of ap
ple pulp for 2.5 h in an open jam ev.apoiriator. 

The obtained ju1ce were an:alysed during the fiirst month after prr0-
duction and after six months of storage ait 1room temperatwe in darkness. 
Th€ f ollowing was determined: 

- Total polyphenols by the Foliin-Deniis oolourimetiri,c method with 
the use of the F0Hn-Ciod1alteu :rieag;e:nt (5, 21]. When asoo~bic acid was 
Present in the studiied musit (techno1og1es 1 1and 4), the obtained result 
W.as decreased by the magnitude ,read :from a ,cmv.e cr-;epresen ting the de
Pendence between ,ascorbic acid coortent in the must and the "inore.ase of 
the content" of rtotal polyphenols; 

- TotaJ oatechins by the ,oolourimetrii1c m,ethod using the vani1la rea
gent according to the procedure given by Swain and Hillis [26]; 

- Total leucoall11thocy,anidins by the ool•ourimetr.ic method described 
by Swa in and Hillis (26]; 

- The qualitative and quiaintitative determination of some polyphenol 
cornp,ounds was doine by the method of gas chromatography aiccorr-ding to 
the studies of Coffiin and Dupont .[3], Schultz ,and Herrman.n [22] and 
taita.ga et ,ad. ,[9] Wiith our modifications ,ooncerniJng mainly the hydrolysis 
iar~tmetiers and chromatog,r:aphi,c seipa1ration ,of sili.lic de:rivatives of po
YPhenol su.bstainces . 
. The sHilatiJon ,of polyphenol •oompounds was done with the sililating 

łllixture TBT-332 piroduoed by the Experimental Plant "Chemipan" in 
Warsaw. The ohta~n TSM der:ivatives of ipolYJPhenols we1re sepairated on 
a Pye Uni•oa1m Se:ri:es 104 gas chromartiog1raph. The -conditions of chromato-
&r.a,p,h1· t · f 11· ,c s,epar.a 1ion weTe 1as o llOws: 
Q - column = glass, 3 mX'i mm, filled with 30/o OV-101 on Gas-Chrom 

B0/100 mesh · 
' 

100- temperature: programmed 200°C- 4 min; from 200°C to 310°C-
C tnin · 

' 
- ca,ITie~ gas: argon, 40 cm8/min; 
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- detector: flame-ionization, 350°C. 
The •organoleptic evailuation of apple JWce was perf.orm,ed by a team 

of six-seven peop1e. The most impootant features .of the juice, i.e. co1our, 
odour and taste, were gTaded aieooiro.ing ito a five-point scale with 1 den.o
ting bad qualiity, 2 - unsatisfact·ocy quality, 3 - satisfaictoiry, 4 - good 
and 5-very good quality. 

The results perta:iJning to ,the con.tent •of m--ooumaric, feruJic, caffeic, 
p-coumaxic aind chlorogemc aaids and of kempherol in the apple must, 
depending on the applied techno1ogioal prooess, the variety of 1apples, and 
juice storage, were anaJysed statistically by the method of three-direoboo
al variance anaJysis [ 4]. 

RE~ULTS AND DISCUSSION 

Apple juice obtaiined in separnte stages ·of rese.ar·ch by the same tech
nologi.es ·exhibited considerable dif:teirenc-es in the content of poJyphenol 
oompoll!l1ds ranging from 40 to 1000/o. Since in the sep,a!I"at-e periods of 
study the changes of the analysed jui,ce ,components and the resu1Jts of 
orgainoleptic evaluation depende,nt on the applied technology tended to 
be similarr, we illustrate thes-e v.airiances with rvesu.11:s obtained in stage IV 
of the studies only. The results oonfrirm the •rieports of other authocs [2, 
8, 15, 20, 23] indicating that the content of ,polyphenols in apple juice is 

severely affeoted by the technological process, and especially by initial 
processi!rlJg. Depending on this initia:l processing, the diffell'teinces in tota,l 
polyphenol oontie1nit in some of !the jutce were four- to s.ix-fold (Fig. 1). 

2700 

2400 

2100 

"O ·u t5 
C 

.lilll. directly after production 

tł atter 6-month storage 

• 
Me Intosh "Industrial" 

on tne 
Fig. 1. Total content of polyphenol compounds in apple musit dependiing 

applied technology 
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This is true mainly of technologies 1 (depecbnization of pulp+ AA addi
tion) and 4 (AA addition) as compared to ,technology 3 (pulp aeTatilQn). 

Oomp.arin-g the diffeTences in the ocmtents of total p,olypheinols (Fig. 1) 
and of leucoanithocyanłdins and catechins (Fig. 2) in juice obtained by 
teclmolog1es 1 (AA addition +pu1p depectinizahon), 2 (pulp depeotiruza
tion), 4 (AA addition) and 6 (control) we can see that if a high cootent of 
polyphenol oompounds is required it is necessacy to apply measUJres pre
veniting ;theiir oxidation and faci1itating their extraction, also from the 
fruit peel. 

In ou,r studies we used additions of ascOTbic acid to disinteg,rated ap
ples as an antioxidamt and we applied de,pectinization of pulp to facilitat,e 
polyphenol ex,trachon. The rołe of ascorbic acid added ,to the apple pulp 
(500 mg/kg) as an antioxidant consisted mainly in reducing the appearing 
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quinones to polyphenols, in addit~oo to inhibiting som,ewhat the a,ctivity 
of o-diphenol oxidase. The outcome is a regeneration ,of the substirate for 
o-diphenol oxidase which in turn causes an inhibition of the accumulation 
of quinioines and products of thek tiralllS:f,ormatiion im the medium. 

The oontent of queiriceitin and kemph~ol in the studied musts (Fig. 5) 
depended miainly on fact0irs :permitting their maximum extraction from 
apple peel where they mostly oocur. The studies •of Van Buren et al. {2] 
indicate that it is enough to disintegrate the peel and store the apple pulp 
f.or some time befcire pressing to enswe oonstderable extra-chon of flavo
nol glicosides into the juice. 

This, however, has not been fully confirmed in the mentioned work; 
the results obtaiined therein suggest that enzymatic processing may con
tribute to a better extraction of favoinol glioosides fiiom the peel. Musts 
obtained by technology 3 (ae~ahon of the pulp) contained much less quer
cetin and kempherol than musts obtained with technologies employing 
pulp depectinization (technologies 1 and 2). Since quercetin and kemp
herol glicosides are immune to the activity of oxidizing enzymes [24, 25], 
this factor could not have had a significant bearing on such a considerable 
drop of the content of these compounds in juice obtained by the techno
logy using pulp aeration. 

The divergencies in the evidence conoerning the iiole of pectinolytic 
enzymes an f1avonol glic-osides extraction to the juice m1y have been due 
to different deg,rees of peel disintegrati,on. It seems that when the peel is 
disintegrated in an insuffkieint degree, the loosening of .oell walls caused 
by depectinization should faciHtate the extraction of the mentioned corn
pounds to the must. 

Increased ,extraction of Havonol gHcosides to the juice may have also 
been partly due to the increased temperature in which depectiniz1=1tion wa:5 

performed. This phenomenon would be related to an increased solubility 
of these compounds and to the rate of their diffusion from the tissue to 
the juice at an increased temperature [15]. Pulp depectinization also in
creased the content of catechins and leucoanthocyanidins in the juice. 

It must be stiress€d that the increase of tota1 polypheno.Js and of leuco
anthocyar:iidins and catechins due to the depectinization •of pulp was }ower 
than the respective inc:rease eau.sed by an addition asico-rbic acid to disin
tegrated apples. Two prc,ce~ses superimpose here. On the one hand, po~~ 
phenol oompounds pass from the peel and the flesh to .the must whi 
raises their content in the latter-, and on the ,other, the ext•ended contact 
of the must with the solid parts of he fruit containing m-ost of the enzym~ 
(including o-diphenol oxidase [6, 15, 17] leads to a de,c;rease of the conten 
of these compounds, chiefly as a :r,esult of the a-chon o.f oxid~zing enzy~es
An incr.ease of poJyphenols oontent in the must due to a better extractioJJ 
of the oo-mpounds f['om the pe,el cannot m,ak,e up for the losses caused bY 
the oxidiziing enzymes. 
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The results of połyphenol compou:nds determination by gas chron1ato
gr,aphy dem,ons.trate that by applying diff·erent technoliogies of apple juice 
production ,it is possible to iobt.ain ho:th quantitative and qualitative chan
ges in the oontent of polyphenail compounds. This is caused by thei1r une
ven distribution throughout the fruit or, as in the ·case of ilavonols, their 
aln1,ost ex-cl.usive concentiration in some fruilt pa.rt. The following poły-, 
pheno1'ic acids we,re ,identified in the studied ·musts: m-coumaric, p__,cou-
mairi,c, ferulic, caiffeic and chlorogentc. Also indentified were shikimic 
acid and two flavonols: kemphero1 and quercetin. The identified polyphe
nol compounds are typical for apples and have been determined by nu
merous authors 1[15, 16, 18, 28]. 

The ir.esults tnd~cate that pulp processiing had a manifest effe-ct o.n the 
conte.nt in apple musts of m_,coumaric, p-coumaTic, fell"ulic, caffeic, chlo
rogenic and shikimic acids and of kempherol and quercetin (Fig. 3). 
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Whenever pulp depecti.niizatwn was a,pplied (technologies 1 and 2) the 
{!Ontent of all the mentioned oompounds, with the excepti,on of ch1oiroge
niic acid (Fig. 4), w1as deci,d,edly higher than in all other juice piroduced 
without depectinization. Pulp ae-ration (technology 3) had a markedly 
.adverse effe,ct cm the OOilitent -of these com,pounds in the apple juice. 

Since połyphenoHc a,cids derived fTlom •oirniamic arcid 1occur in apples 
' mainly as esters [23], the differences in thefu- oontent in the verious juice 

may be als10 caused by the enzymatic hydrolysis of these oombinations in 

the initiial processing of the fruit. This would explarnn the higher contents 
-of p-ooumaric, feTulic and especially of caffeic acid in juice obt.ained by 
technology 5 ( must depe-ctiniza.tion) as compaired to the content of .these 
compounds in jui,ce obtained with the use of techno1ogies 4 (AA addition 
to disintegrated apples) and 6 (control). 

Afteil' six-month storage of aipple juk-e at .room temper,ature the gTea-
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Fig. 5. Contents of kempherol (A) and quercetin (B) in apple must depending on the 
app1ied technology 

test losses w,ere observed in the ,oase of ,cartechins (30-600/o) and leucoan
thocyantdins (20-400/o) (Ftg. 2) . The l,osses of these c,o,mipounds iJl1 stored 
juit-e are due to chemical oxidation ,processes ,and the aocompanying po-
1Ymerization or condensation of the oxidized compounds [10, 15, 19]. 

The organoleptic ana.lysis of the investigated app1e ju.ice revealed 
that ttheir quality deteriorates mostly as ,a resul,t i0f pulp aeratio111 (tech- · 
no1ogy 3) leading to substantial elimination of polyphenols from the ju.ice 
and of asooirbiie acid addiU0111s to disintegrated fruits (technologies 1 and 
4) Wh1ch in turn leads ,to the r,etaining of lairge quant1ties of these com
Pounds in the juice. The highest marks for oolour, ranging from 3.8 to 
4·8 Poinrts, were given the golden-brown hue of juice produced by tech
;-0logies 2 (pulp depectinization), 5 (jwioe depectinization) and 6 (control). 

he •co.lou:r of jui1ce obtained by technol,ogies 3 (pulp aeirat~on) and 4 (AA 
additton) were graded lowest. They were lightly ·oolour-ed, and the juice 
p~?du-oed a,oornrding to .technology 3 had ,a slighrt g,reenish tint; they re-
ceived 2 0-3 O . ts . . po1n . 
t· The Lighter oolour •of the juice ,pr,oduced by technology 3 (pulp aera
t:n.) Was due to the lf!emoval •of a pairt of the polyphenol oompounds fro-m 
d e _removial ,of a part ,of the polyphenol ,compounds flfiom the must already 
;~1nig piressing, ,and mainly durin-g pasteuriza.t~on of the must (precipi-
'hon from the solution). The juioe iobtained by ,tecłmology 4 (AA addi-

Ącta Al ' unentarla Polonica 4/85 
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tion) retained their light hue mainly because of the slight degree of exi
dation and polymerization of polyphenols of the catechin and leucoantho
cyanidin g~oups pveserut in the juiice. 

As fair as the ,odour of jui,ce is .concerned, no differences as drashc as 
those of colnwr were f:ound. Graded lowest were musts obtained by tech
nology 3 (pulp aeration). It is worth noting that juice fa:'!om "industrial" 
apples were graded 1ower ,than those from M,c lnrtosh appJes. 

An,alysmg the oontent of oatechins, the natura! dimeiric and trimeric 
forms of which are responsible for bitterness while the polymeric forms 
account for tartness (1, 13, 14], we may say thait the ,t~te of the musts 
w.as gTaded highest when the content of these compounds in the juice 
rainged fuoun 200 to 400 mg pe,r dm3• When they were alrnost oompletely 
absent (technology 3) the juice had what is known ias an "empty flavour", 
but was ex,cessively b1tter and tart when these compounds wefl"e present 
in large quantities, as in juice produced by technologies 1 (AA addition + 
+ pulp depectinization) and 4 (AA addition). 

Table conttainis the resu1ts of organoleptic evaluation of apple juice 
produced ·in the fourlh stage of study. As regards the individual poly
phenols determined in the studied juice by g.as chromatoigraphy, there 
was no significant dependenoe between the ·content of these compounds 
and ithe ratings of the various juice. 

Ta b I e. Results of organoleptic evaluation of must obtained from Me Intosh (A) and "industrial' 
(B) apples - -

Technology Colour Odour Flavour 
I II I li I Il 

- -- -

A 

1 (AA addition + pulp depecti-
nization) 2.5 2.7 3.6 3.3 3.3 3.1 

2 (pulp depectinization) 3.9 3.7 3.9 3.8 · 3.6 3.2 

3 (pulp aeration) 2.1 2.0 3.3 3.1 2.4 2.2 

4 (AA addition) 1.6 2.4 3.4 3.7 3.2 2.9 

5 (must depectinization) 4.8 4.1 3.8 3.5 3.5 3.2 

6 (control) 3.9 3.5 4.1 4.0 3.8 3.4 --
B -----

I (AA addition + pulp depecti-
2.5 nization 3.3 3.5 3.5 3.2 2.7 

2 (pulp depectinization) 3.8 3.7 3.8 3.7 3.5 3.3 

3 (pulp aeration) 2.0 2.0 3.3 3.3 3.1 2.9 

4 (AA addition) 1.9 2.5 3.0 3.4 2.0 2.0 

5 (must depectinization) 4.6 4.3 3.8 3.6 3.6 3.5 

6 (control) 3.4 3.5 4.1 3.9 3.9 3.8 

I - directly after production; Il - after aix months of storage 
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CONCLUSIONS 

1. Modifications of technology make possible a wide-ranging variation 
of the polyphenol fractio:n composition in app1e juice. 

2. Pulp aerabon drastically reduces ,poJyphenols oontent in apple juice. 
3. Pulp depectinization and an addition of ,ascorbic acid to disintegrat

ed apples markedly increase polyphenols content in apple juice. 
4. The content of catechins, leucoanthocyanidins and chlorogenic acid 

in apple juice depends primarily .on the prr-otection of these compouru:is 
ag-ainst oxidati()[l. 

5. Changes in the oontent of shiikimi1c, m-coumaric, p--ooumaric, feru1i,c, 
caf fe ie and chloriogenic acids as well as of kemp~oJ and q uercetin do 
not a·ffect the •oirganoleptic prope,r,ties of apple must as profoundly as do 
changes in leucoanthocyanidins and catecllins content. 

6. It •seems that the polyphenol 1oompounds present in apple juice affect 
mainly the colour and taste, playing a slight role in odour "for·maition". 

7. An excessive or insufficient content of po-lyphenols in apple juice 
has an adve:rse effect ,on its organoleptic features (mainJv colour and 
taste). 
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WPŁYW MODYFIKACJI PROCESU TECHNOLOGICZNEGO OTRZYMYWANIA 
MOSZCZU JABŁKOWEGO NA ZAWARTOSC POLIFENOLI I WŁASCIWOSCI SEN
SORYCZNE 

Instytut Technologii Żywności, SGGW-AR, Warszawa 

Streszczenie 

Przeprowadzone badania dotyczyły wpływu: depektynilacj'i miazgi, depektyniza
cj,i moszczu , dodatku kwasu askorbinowego do rozdrabnianych jabłek oraz na
powietrzania miazgi jabłkowej na zawartość związków polifenolowych w moszczach 
jabłkowych. W zależności od zas,tosowanej technologii m,oszcze jabłkowe zawierały: 
polifenol~ ogółem (rys. 1) od ok. 300 mg/dm3 do -ok. 2600 mg/dm3, katechin ogółem 
(rys. 2) od ok. 5 mg/dm3 do ok. 900 mg/dm3, leukoantocyjanidyn ogółem (rys. 2) od 
ok. 180 mg/dm3 do ok. 1700 mg/dm3 . 

W badanych moszczach metodą chromatografii gazowej określono ilościowo 
zawartość 7 związków polifenolowych. Stwierdzono występowanie kwasów: feru
lowego (rys. 3) od ok. 0,5 mg/dm3 do 12 mg/dm3 , m-kumarowego (rys. 3) od ok. O,S 
mg/dm3 do 1,6 mg/drn3, p-kumarowego (rys. 3) od ilośai śladowych do ponad 20 rng/ 
/dm3, kawowego (rys. 4) od ok. 5 .mg/dm8 do ok. 50 mg/dma, ch1orogenowego (rys. 4) 
od ilości śladowych do ponad 90 mg/dms oraz dwóch flawonoli: kemferolu (rys. 5~ 
do ok. 7 mg/dm3 i kwerceryny (ry,s. 5i do ok. 35 mg/dms. Wy.stępowanie flawonoli 
stwierdzono przede wszystlci.m w moszczach otrzymywanych w .g technologii stos~
jących depektynizację miazgi. W moszczach tych stwierdzono -również występowanie 
kwasu szikimowego (rys. 4) w .ilości do 18 -mg/dm8• ) 

Otrzymywane moszcze jabłkowe poddawano ocenie organoleptycznej (tabel~. 
oceniając barwę, zapach i .smak. W zależności od stosowanej technologii produkC~ 
moszcze jabłkowe uzyskiwały od 1,6 do 4,8 punktu za barwę, od 3,0 do 4,1 za zapac„ 
i od 2,0 do 3,9 za smak. Najniżej oceniane były .moszcze otrzy,mywane wg techn°10~ 1 

stosujących napowietrzanie miazgi lub dodatek kwasu askorbinowego do rozdra -
nianych jabłek. 

S ' · · · k h · , t e pokojowej zesmom1es1ęczny o res przec owywania moszczow w tempera urz h 
nie powodował istotnych zmian w ogólnej za wartości związków p,o,lif enoloWYc · 

· ązk6VI 
Maksymalne straty nie przekraczały 150/o. W przypadku indywidualnych zw.i 
polifenolowych straty dochodziły niekiedy do 500/o. 


