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Abstract

The aim of this study was to investigate the influence of addition of pectinolytic enzymes to chokeberry juice on the content
of polyphenolic compounds analysed by UPLC-PDA-FL, antioxidant potency measured by ABTS and FRAP assay, turbid-
ity, precipitation, and sugar composition analysed by HPLC-ELSD and colour parameters determined by the CIEL*a*b*
system. UPLC-PDA-FL analysis identified 30 polyphenolic compounds belonging to hydroxycinnamic acids, anthocyanins,
flavonones, flavonols, and flavan-3-ols. High content of bioactive compounds, high antioxidant capacity and low values of
turbidity and precipitation were obtained in juice with addition of Panzym YELD MASH, Pectinex YELD MASH and Opti
EYXL. The colour of chokeberry juice with these enzymes was intensely red, attractive, and without browning before or
after storage. These pectinolytic enzymes influenced the stability of parameters such as chemical, physical and bioactive
potency in the chokeberry juice after 5 months of storage at 5 °C.
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Introduction

The systematically growing consumers’ awareness of the
quality of food, and especially the content of secondary
plant metabolites in it, positively affects the right choice
of healthy food products. Fruit juices have recently been
perceived as functional foods as they have high contents
of bioactive compounds [1-4]. Especially red fruit juices,
mainly from chokeberry, are gaining in popularity due to
their high content of biologically active substances, specifi-
cally polyphenolic compounds, and because of their taste
and appealing colour. This colour is created by anthocya-
nins, which are polyphenols. Moreover, it has been proven
that anthocyanins possess beneficial health effects on the
human body [5-7]. Therefore, the content of polyphenolic
compounds in juices is a matter of sensory quality as well
as having potential biological effects.
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Unfortunately, many technological processes contribute
to large losses of secondary plant metabolites, which in turn
lead to a decrease in the nutritional quality and functionality
of final products. Currently, the juice market is constantly
improving the applied technological measures towards
greater preservation of valuable food ingredients [5, 7].

Most of the bioactive compounds are located in the
chokeberry fruit skin. Therefore, the production of berry
juices necessitates the disintegration of raw material to
release the liquid. For this purpose, most often maceration
enzymes are used, to increase extraction yield and decrease
viscosity. Pectinolytic enzymes cause degradation of cell
walls, resulting in easier extraction of the compounds
contained in cells [8]. Furthermore, enzymatic treatment
enhances the extractability of polyphenolics from the cell
wall. Pectinases have been proposed to improve clarifica-
tion of juice and decrease viscosity to improve the filtration
process [9, 10]. The used enzymes may also affect the chem-
istry of the extracted polyphenolic glycosides. Wightman
and Wrolstad [11] explored differences of commercial pec-
tinase preparations to evaluate their effect on cranberry juice
anthocyanin hydrolysis. They demonstrated that arabinoside
pigments were not degraded but galactosides were degraded
by 2-100%, depending on the used enzyme. Unfortunately,
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there is no information in the literature about pectinolytic
enzymes that can be used for chokeberry juice.

Therefore, the aim of this study was to evaluate the influ-
ence of addition of pectinolytic enzymes to chokeberry
juice on the content of polyphenolic compounds analysed
by UPLC-PDA-FL, antioxidant potency analysed by ABTS
and FRAP assays, turbidity, precipitation, and sugar com-
position analysed by HPLC-ELSD and colour determined
in the CIEL*a*b* system. An additional aim was to inves-
tigate the influence of storage for 5 months at 5 °C on the
stability of chemical, physical and bioactive parameters of
chokeberry juice.

Materials and Methods
Chemicals

2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carbox-
ylic acid (Trolox), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ),
methanol acetic acid and phloroglucinol were purchased
from Sigma-Aldrich (Steinheim, Germany). (—)-Epicat-
echin, (+)-catechin, procyanidin B2, chlorogenic acid,
neochlorogenic acid, cryptochlorogenic acid, caffeic acid,
dicaffeoylquinic acid, p-coumaric acid, isoquercetin, cyani-
din-3-0-galactoside and cyanidin-3-O-glucoside were pur-
chased from Extrasynthese (Lyon, France). Acetonitrile for
ultraphase liquid chromatography (UPLC; gradient grade)
and ascorbic acid were from Merck (Darmstadt, Germany).
Enzyms: Panzym YELD MASH, Pectinex: Ultra Color,
XXL, ULTRA SPL, YELD MASH, AFP L-4, BE XXL,
SMASH XXL, Opti EYXL were from Eaton (Poland).

Samples
Chokeberry juices

The experimental material consisted of chokeberry juice
(~10 L) of the Galicjanka cultivar. Juices were obtained
from the company Tymbark-MWS Sp. zo.o., in Tymbark,
near Krakéw, Poland (49°43'45"N 20°19"27"E), in 2017
from production in September.

Preparation of chokeberry juice

To the all samples of chokeberry juices (in volume 1 L
each) 1 mL of pectinolytic enzymes such as Panzym YELD
MASH, Pectinex Color, Pectinex XXL, Pectinex ULTRA
SPL, Pectinex YELD MASH, Pectinex AFP L-4, Opti
EYXL, Pectinex BE XXL, Pectinex SMASH XXL was
added. The juice (control sample) and juices with enzymes
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were conducted at 25 °C in centrifuge vessels in volume
0.5 L each for 24 h.

After 24 h incubation, the samples were centrifuged
(19,000xg for 15 min at 20 °C) and analysed. Additionally,
the samples of chokeberry juice were stored for 5 months
at 5 °C with addition of 0.2 g/L dimethyl dicarbonate (Vel-
corin) (Lanxess Energizing Chemistry Germany). The aim
of storage was to investigate the stability or change physi-
cal-chemical parameters of the juices.

Precipitate values, viscosities and turbidity
measurement

Samples of chokeberry juice were weighed to 50-mL cen-
trifuge vessels. After centrifugation at 19,000xg for 15 min
at 20 °C, liquid was separated. The centrifuge vessels were
transferred again with the precipitate on the analytical labo-
ratory scale to the nearest 0.0001 g and then after 24 h the
amount of precipitate was weighed without juice and cal-
culated [12].

The viscosities of the chokeberry juices without pre-
cipitate were measured with a rotation viscometer MC1
(DV-1I1+PRO VISCOMETER, Brookfield, England), with
spindle ‘61°. The spindle was rotated at 100xg for 30 s at
20 °C [12]. All measurements were repeated three times.
The results were expressed as mPas.

The turbidity of juices without precipitate were meas-
ured with a turbidimeter Turbiquant 3000T (Merck, Ger-
many) using 2.5-cm round cuvettes. All measurements were
repeated three times. Turbidity was expressed in nephelo-
metric turbidity units (NTU) at 20 °C, respectively [12].

Qualitative and quantitative assessment
of polyphenols

Qualitative (LC/MS QTOF) and quantitative (UPLC-PDA-
FL) analysis of polyphenols (anthocyanins, flavan-3-ols,
flavonols, and phenolic acids) was performed as described
previously by Lachowicz, Oszmianski and Pluta [13]. All
measurements were repeated three times. The results were
expressed as mg/100 mL.

Analysis of proanthocyanidins by phloroglucinolysis

Direct phloroglucinolysis of freeze-dried samples was per-
formed as described by Lachowicz et al. [14] on reverse-
phase HPLC (RP-HPLC) analysis and phloroglucinol prod-
ucts were separated on a Cadenza CD C18 (75-4.6 mm,
3 um) column (Imtakt, Japan). All data were obtained in
triplicates. The results were expressed as mg/100 mL.
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Determination of antioxidant activity

The solvent for analysis was prepared and described previ-
ously by Lachowicz et al. [14]. The ABTS and FRAP assays
were conducted as previously described by Re et al. [15]
and Benzie and Strain [16], respectively. Measurements by
ABTS and FRAP were performed using a UV-2401 PC spec-
trophotometer (Shimadzu, Kyoto, Japan). The antioxidant
activity was expressed as mmol Trolox/100 mL.

Analysis of sugar

Quantitative (HPLC-ELSD) analysis of sugar was performed
as described previously by Oszmiariski and Lachowicz [17].
All measurements were repeated three times. The results
were expressed as g/100 mL.

Colour measurement

Colour properties (L*, a*, b*) of chokeberry juices were
analysed by reflectance measurement with a Colour Quest
XE Hunter Lab colourimeter. The samples were determined
according to the method described by Lachowicz et al. [12].
The total change in chokeberry juice was expressed (AE),
chroma difference (AC) and hue angle (H’) according to the
following equation described by Lachowicz at al [14].

Statistical analysis

Statistical analysis, one-way ANOVA, principal component
analysis (PCA), medium significance and hierarchal cluster
(HA) were conducted using Statistica version 13.0 (StatSoft,
Krakéw, Poland). Significant differences (P <0.05) between
mean values were evaluated by one-way ANOVA and Dun-
can’s multiple range test.

Results and discussion

Impact of pectinolytic enzymes on content
of polyphenols

Identification of 30 polyphenolic compounds belonging
to hydroxycinnamic acids, anthocyanins, flavonones, fla-
vonols, and flavan-3-ols (monomeric, oligomeric and pol-
ymeric procyanidins) was based on a comparison of MS
and MS/MS available standards, their retention times and
published data reported in previous research [17-20]. The
identification and quantitative results are shown in Tables 1
and 2 but the sum of individual groups of polyphenolic
compounds is presented in Fig. 1. The results of measured
polyphenolic compounds in the control sample and with
enzymes before and after storage are presented in Table 1

and Fig. 1. The use of pectinolytic enzymes had a signifi-
cant effect (P <0.05) on the content of polyphenols. The
content of polyphenolic compounds in chokeberry juice
without enzymes was 1676.44 mg/100 mL and was 4%
lower than polyphenols in juices with enzymes. The larg-
est increase of phenolic compounds after 24 h was found in
juice with addition of Pectinex YELD MASH (13%), Pan-
zym YELD MASH (11%), BE XXL (9%) and Ultra Color
(4%) enzymes. According to Landbo and Meyer [21], the
use of the enzymatic preparations Pectinex BE and Pectinex
Ultra SPL for the maceration of blackcurrant resulted in an
increase in yield of polyphenolic compounds by 10 and 4%.
Bagger-Jgrgensen and Meyer [22] demonstrated that the use
of Pectinex ULTRA SP-L enzyme led to 14-15% higher
polyphenol content in blackcurrant juice than those without
enzymes. Buchert et al. [23] found that the use of pecti-
nolytic enzymes—Pectinex BE, Ultra SP-L. and SMASH—
positively affected the value of polyphenols in blackcurrant
juice. This content was about 20, 12 and 7% higher than in a
control sample, respectively. After 5 months’ storage at 5 °C,
the content of polyphenolic compounds in control juice was
7% lower than before storage. The largest protective effect of
phenolic compounds was found in the chokeberry juice with
addition of Pectinex XELD MASH, AFP L-4 and BE XXL,
and the largest decrease was identified in juice with addi-
tion of Pectinex XXL and ULTRA SPL (Table 2; Fig. 1).
Protection of these compounds in juices is very important
to satisfy a demand by people for products with a high value
of bioactive components.

The group accounted for 27% of all polyphenolic com-
pounds was anthocyanins. The use of pectinolytic enzymes
had a significant effect (P < 0.05) on the concentration of
anthocyanins. The content of anthocyanins in the control
sample was 522.57 mg/100 mL. In juice with addition of
Pectinex YELD MASH (18%), Panzym YELD MASH
(22%) and Pectinex BE XXL (2%) enzymes, the content of
anthocyanins after 24 h were 22, 18 and 2% higher than
control samples. The concentration of anthocyanins in sam-
ples with Pectinex AFP L-4, XXL, and ULTRA SPL were
around 36, 34 and 31% lower than control samples. Addi-
tionally, cyanidin-3-O-galactoside was the dominant com-
pound belonging to anthocyanins in juice and accounted for
on average 50% of all compounds. The content of this com-
pound in samples with Panzym YELD MASH and Pectinex
YELD MASH was 18 and 22% higher than in the control
sample. The addition of Pectinex Color, XXL, ULTRA SPL,
AFP L-4 and Opti EYXL to the juice led to an increase of
aglycone cyanidin and at the same time reduced the content
of cyanidin-3-0-galactoside. After 5 months’ storage the
content of anthocyanins in the control sample was 9% lower
than before storage. The largest decrease of the concentra-
tion of anthocyanins was identified in juice with addition
of Pectinex XXL (63%), ULTRA SPL (69%) and YELD

@ Springer



1907-1920

European Food Research and Technology (2018) 244

1910

oprsounni

eSO'0FYTL BP0 0FLTL ®90'0F9S°L BT00FCS'L BEOOFEY'L B0 0F9¢’L BEO'0F89'L BZ0'0F9¢°L BCO'0FSTL B0 0F 669 10¢ 609 ¥0'9 -O-¢-unsdIeng
apIsoiqourqor
90 0F It'9 P00+ 6£9 eSO'0FCS9 BEO'OFES9 ®Z0'0F999 eEO'0F 89 BZO'0F 659 ®Z0'0F299 e00F 19 BEO'0FO0TY9  10€/€9Y 609 LS -O-g-unddreng
OPISOUBIOIA
BEO0OFCIL eI00F 169 eO0FLI'L BEOOFSI'L BEOOFSEL B0'0FCTL BEO0FYTL eEO0F0E'L e900FVI'L B0'0F96'9  10€/€91 S6S  TS'S  -O-€-uneorand
opisoxaytp
BZO0FSST BTO0F ST BEO0OFSH'T BIO'0FCST BIO0FE9'T BI0'0F 80T BZO'0F 0T BIO0F V'] ep0'0F8S'1 BIO0OFLST  10€/€9Y 9 £e¢ -uneoIand
opIsoxayip
B0 0F LTS BEO'0FEY'S BC0'0FIS°S BEO'0FHS'S BZ0'0F99°S eC0'0F81°S eZ0'0F9¢°S BI0'0F8T'S BSO'0FHE'S BEO'0FLES  10€/€9F SCETAY -unedIaNY
S[OUOART]
proe orumb
az0'0F99°1 T00FIST BIO'0FOL'] qa10'0F69°1 BIO0OFCLT PIOOFO0C'T BIO0FCL] T00FIST 200'0F00°0 200'0F000  6L1/€SE SIS STL deges-q
p1oe orumb
200°0F000 qr0'0FS9'19 €00+ 8€°ST P90'0F LYST 2000F000  290°0F90°ST PYO'OFTE 61 ®90'0F Y68 200°0F00°0 200°0F000 T61/€S€ SIS OI'L drjed-1d
p1oe orued
B0 0F YT LI R0 0FECET b0 0F8H'ST HOOFHSST  QE00FIS9T  OTO'0OFET ST PEOOF S8 VT AP0 0F9ILTI 2¢0°0FI8°ST qe0’0F8I 9T  6LI/T6T €se  ILe -oropoidA)y
poe
BZIOFEE80T  CIOFSOPEL  PITOFO96LL  260°0FLS681 EBII'OFOFSOT A60°0FFE061  OCI'0OFH681  J6OOFISEIT  9ST0F €L 861 qIr0F6S'L6l  6LI/ELT €6e  W9¢ o1uagoIo[y)
pioe
swmbjAorew
BEO'0F89T SI00FLLT d10'0FTTT J}0'0F00C qazco0F+9°C T0'0FITT T00FITT S100F8I'T PO0OFLYT 2€0'0FIST €91 LEE  0L°E -n0)-d-0-¢
pioe
BPTOFEYCEE PITOFO08T0C  A8IOFLTICE  A9TOFEESTE QIC0OFI9ICE I8I0FSOTIE  ASTOFSOLIE  OTEOFLI60E  DIT0F690IE  AVI'OFCILIE 6LI/T161 €6€  9$°T  DIUAS0I0[YO0IN
SPIOE JTjoudyJ
S€0°0F L9°01 PSO0OFESTY 9r0'0 FT8'68 BCO'0FC8E6  P€00FO6F'8T  BHO'0F96'S6 ©60°0F 6696 60°0FLLYY JEO0F09°¢T 3200F9L01 L8C +L8C  6TS urprued)
OPISOIAX
F00F68°¢l ar0'0F9L91 2€0'0F 18°SI 260°0FPS ST BSOOFSELT  Av0'0FSLIT OZ1'0F8S°SI 2¢0'0F TSI ar0'0F €€ 91 PEO0OFSIET L8C 617 89F  -O-¢-urpruek)
apIsoulqere
POSO0F 10901  qe60'0FIT6CI  A90°0FI10°€TI  AST'0F69°€Cl  BELI'OFHPTCeEl  OII0FTH8IT  qeCI'0FLE LTI QBOI'0FO0S'8TI  qe0'0F61°8C1  P260°0F L9901 L8T 4617 €0v  -O-¢-urpruek)
ap1soon|3
%00+ 99°81 BEO0FS6'IT B00FIS1T qE0'0F6E61  BHOOFYSTC  990°0FST6I  qeT0’0F 1€°0C BEO'0F681C BEO'0F06'1C 200 F ¥1'8I1 L8C +6FF  18¢  -O-¢-urprued)
opIsojoees
OLTOFECTYE  PITOFVI'S6T  JPLOOFOITLIT UzI'0FTET9 BITOFSLLIF  880°0F10°€6 YSO'0FEO6'L9  ACTOFITTOI  4STOFE9LOY 98T 0F 0¥ 9vE L8C +6Fr 16 -O-¢-urpruek)
8o
(1do)-yeo(1da)
-OpISOXAY-¢
960°0F6T'8 qazo'0F19'6 T00F VIS PSO0OFEYL 980'0F96'6 H00FSE9 PEO0OFH0'L ac0'0F2CI'6 BEO'0F 0101 P00F8LS  L8T/6VY +S201  LT'e -urprued)
uryayes(1do)
-opisojuad-¢
Ac00FLLY BZ00F IS ar0'0F 66y BPO0F LIS B0'0F69°S BEO'0FETS eC0'0FETS BS0'0F LTS eBp0'0F LIS BEO'0FEC'S  L8T/6IY +L0L 66T -urpiues)
uryaeyeo(1do)
-9pISOXAY-¢
a0’ 0F 11Tl C00F 186 SE00FOLS J00F8SY  BLOOFCTEET 8600FrLE FO0Fo6lIY PYO'OFOP'L BRO'0FCEEL gdr00F STl L8T/6YY +LEL  SST -urpruek)
surueAooyuy
(2pu)
sjuow LE-T:
TXX HSVIAS IXX 71 HSVINATHA  1dS VILIN 10109 HSVIA -Sexy /_[N-H]  (utw) yuonedgnuopt
Xounodq g4 Xounood TXAA ndo ddV Xounood Xounooq Xounodd — IXX Xounosd BN Xoundod  IdA WAzued [onuod 9dImMf  SIA/SIN SN I QAR

93e103s 210J9q 2o1n[ A119ga30yd ut (T O [/3w) spunodwod dsrjouaydLjod jo uoneoynuenb pue uonesynuapy | jqer

pringer

Qs



191

European Food Research and Technology (2018) 244:1907-1920

(S0°0 > d) SPOUSISYIP JUBOYIUSIS JuasdIdal UI[ SUIes oy UIIM SIS JUSISPIP G PAIMO[[Of (IS F SUBSIN S—8 4

SPIEPUR)S [BIOISWILOD AQ PIWILUOD UOHBIYNUSP],,

uryoyeotds 1da ‘uryoared 1o

apiu
-01on[3-0-/
qLO'0F¥TTT S€00F €9 Y JSO0F€9°S POOFILY  BLI'OFIS YT PSO'0F086 OI1°0F0891 400’0+ 000 BZI0F19%C qr0'0F9¢'CT 354 08C  €€9 [ofyotpotrg
SOUOUOAR[]
urpruekooxd
PTOFTYL8Y  BOI'OFSOCIL QeST'0FI8HY0OL qBII'0FESTOL dPE0FE0'STY  99€0F99T69  BIIOFIIGIL  BEI'OFIOLIL 29TTOFOSIY9  PIIOFLEVES ouewkjod
900 F 8y PEO0OFLEE dT00FYLE 2€0°0F68°¢ 9€0'0F00°S PEO0OFECE P2 €0°0FSSE PEO0OFHEE qeo0'0F T L BO0F YL - 68T  68F urgoaresrdy-(—)
Jawtp uIptu
BC0'0F¥S1 920'0F0¥°0 PI0'0F9C0 PI00FST0 BP0 0F9S°1 R10'0F91°0 PI0O0FLTO P220°0F0€°0 a0’ 0F9¢'1 9E00FVE T 68T/STH LLS 1Ty -vkooxd odki-g
QEIO0FIET ac0’0F o611 PO 10'0F8L0 PIO0F690  9ecO0FLE'T C0'0F S0 SPI0'0F€9°0 9200+ T80 BS0'0F9S°1 BEO0F6ST - 68C  8¥'¢ uryeaIE)-(+)
Jawip urptu
eC0'0F¥8'T BEO0FITE eZ0'0F0'E BEO'0FSTE BE0'0F60°E B0 0FTIE eEO'0F9¢E BEO'0FS9'E ep0'0F S0 eCO'0F09C  68T/STY LLS  9p'T  -ekooxd odA)-g
S[O-¢-UBART]
JO0'0F00°0 PI00F1¢°0 PI00F+E0 PI0'0F92°0 dI00F91°0 BZO0OFH0'T d100F6€°0 qz0'0F8S0 JO0'0F00°0 JO0'0F00°0 paynuaprun
Jowos!
oEmoxva
[Asouwreyx
a100F6L0 ar0’0FLLO BI0'0F L8O BI0'0FCT80 BZ0'0F L8O eI0'0F88°0 eI0'0F¥8°0 P10'0FL9°0 eZ0'0F¥8°0 PTO0F S0 SIe €9 SI'L unouweyIost
IoWos!
ApISOXaY
[Asouwreys
d100F65°0 P10°0F LSO q10'0+29°0 q10'0F29°0 BEOOFELO a10'0+¥9'0 190°0F29°0 970'0F95°0 q4z0'0F 590 d100F0S°0  SIE/LLY €09  6L9 uneuteyIosy
9pISOxayA
-X09p-()-950
-XoUyAX09p-0
QeI00F 201 QeI00FLOT BIO0FST'T QeI0'0F 901 BO0FIT'T BCO0FET'T 10°0F+0'1 a10'0F96'0 BEO'0F8I'T q100F06'0  10¢/LYY €65 SL'9 -unedIaNY
QpISOXAY
-1Asojuad
BI0'0F19°0 BI'0'0F09°0 azo'0F 650 B00'0F €90 BI0'0F¥9°0 BI00FL90 a10'0F0s°0 a10'0Fss0 azo'0FSs0 qr00F€S0  SIC/LLY 609 659 Ufoutey10sy
apIsoon|3
ep0'0+8CT'8 eE0'0FS06 BEO'0FO0V'6 B0'0FET6 BEO'0FTT6 eSO'0FCS6 eZ0'0F88°6 eI00F99°6 ®90'0FIT6 eEO'0F 0V’ 10€ €9  ST9 -O-¢-unedrond
apIsolores
qeoQ'0F 1¢CI qE0'0FLITT qrO'0F89'IT  99S0°0FL60T  BHO'OFITYI PPO'0F89°L QPO 0FSLTT  29€0°0F €001 B0'0F 601 qec0'0F 1SCI 10€ €9  TI'9 -O-€-uneornd
(2pu)
sjwow L [IN-HI
TXX HSVIAS IXX 1 HSVINATHA  1dS VILIN 10109 HSVIA -Sexy /_[N-H]  (utw) yuoneaynuapt
Xounodq g4 Xounood TXAA ndo ddV Xounood Xounodq Xounodd — IXX Xounosd BN Xoundod A WAzued [onu0d 9dIf  SIA/SIN SN I AR,

(ponunuoo) | sjqey

pringer

a's



1907-1920

European Food Research and Technology (2018) 244

1912

opIsounni
29€0'0F99°L BEO0FYT'8 qez00+10°8 qr0'0F06'L qQT00FE6'L P2 €0°0FTL9 qer0'0+20°'8 29200 F9¥'L qez0'0FL0'8 OZ0'0FLOL -O-£-unedrond
apIs
-01qourqolx
2qz0'0FTL9 BZO0F9EL qeeo0FI1°L 40’0+ S6'9 qez0'0+60°L PIT0'0+809 Qero'0F0I'L 2q10°0F9¥'9 qeeO0FTI'L O¢00FEI'9  -O-¢-unedrand
OPISOUBIOIA
2qy0'0F LY'L BZO0F10'8 qee0'0+06'L ar0'0F99'L qer00+FL8'L PTO'0F0L9 qro0FLLL 2900 F YL qez0'0F88°L qZO'0FCLL -O-€-unddIng
opIsoxayip
BZO0FFET BI0'0F6ST BZ0'0F 65T BZ0'0F 65T BEO'0FT9T BI00FS8'T BI0'0FSST eZ0'0FSET BEO'0F6ST BZO0FCIT -upedIaNY
dpIsoxayIp
2600F €6t qerO'0+2SS qr10'0F0¢’S qQeEO'0FS'S qCO0FSES PI00FCEY qzo0FLES PICO0OFSLY BZO0F69°S 4c0’0F0¢'S -upasIongy
S[OUOAR[,]
proe orurnb
2qz00F¥S'I PI0'0F860 PITO0FST'T 99Z0°0F TSI BZO0FITT PIIOOF VI PI00FELTT az0'0F09°1 a10'0F59°1 29000 FSS'I dpes-Id
proe orurnb
200°0F00°0 BEO'0F6L'69 g0’ 0F 1€°0€ 200°0F00°0 PEO'0F8S 8T P0°0F96°€T P2 €0°0F68°1C 200°0F00°0 200°0F000 200°0F00°0 dloged-Idg
proe o1ua3
qee0’0F €681 PYO'0F8891 WO 0OFLY LI ac0’0F v¥'81 2qy0°0F LT'81 J00'0F€0°ST Y0 0FT6'LI 2q€0°0F€T81 BZO'0F 1061 3pTO'OFOL9T  -or0[yd0rdL1D)
pioe
qez1'0F20°20C 960'0F09°6€1 ETOFYESLL qe80°0F98°20C 2990°0F €0°L8I P90'0F9¢8S1 9990'0F S¥'S81 qeS0’0F SH'861 ©R0'0F S6°'L0T 490°0F0S° 161 owagolo[y)
p1oe orumb
[Aoxew
qee0’0F09°C ST0'0F 98’1 PIO0OFICTT azco'0F0sc 2qe0'0FEY'T PI0O0FSTT dT00F LT B0'0F6LT BI0'0FILT 2qr0'0F 6£°CT -10)-d-0-¢
proe oruad
BRI0F6LYEE q4sTOFS6°0€€ 8T 0OF6TTEE 91 0F61'LTE qLI'0F98'1€€ 980°0F€S9LT 980°0F96'C€E 9LO'0FIL0EE BIT0F9L9¢E P8OOFEITIE -OIO[Yd0aN
p1oe ofjousyq
200°0F+0°0 dp00'0F01°0 dpP00'0F60°0 PO0'0F0C0 2000F+0°0 PT10'0F2C0 P2000F6€0 qC00FLTT 2000F29°0 BEO'0F 1901 urprued)
PISO[AX
PYO'0FST'8 29€0°0FSE6 31200 F ¥+'9 q4z0'0F 6501 }00F169 30 0F LT RI0'0F60°L TOOFIT'L ac0'0F29°01 BIO0FPREl  -O-g-uIpiue)
apIsoulqere
P60'0FSESS 9e€0'0F80°SL 00+ 19°€9 960°0F LEEL P00+ 6919 PEO0FETSY 2600+ 8+'C9 00+ 90°61 q9e0'0F00°SL eZO0F I¥'L6  -O-g-uIpuek)
ap1soon|3
PSO'0F LOOT 900 F Sy el dT00F 6811 qQCO0F LTET dT00F0TTT €0 0FTL'6 2¢0°0F0S'TT JE0'0F06'8 qrO0FLIET eZO0FS691  -O-g-uIprued)
opIsojoe[es
261°0F96'681 260'0F LI ¥81 980'0F 1699 2q1T0F61°81C 3600F€T'LE HOOFI9¢Y SJ0'0F S6'6€ PTIOF1L'891 qTe0F1£9ST B60'0FF6EIE  -O-€-uprueA)
bl
(1do)-1e2(1do)
-OpISOXAY-¢
PO 0FSSE PIEO0OFTHE PEO'0FE6T Ac00F¥6'¢ PE0'0FELT JIO0FLS'T ATO0F6LT PYO'0F20°¢ qI00F€8E BZO0OF L' -urprued)
uryoed(1da)
-opisojuad-¢
PTO0FYTT PO'0FLY'T PTO0FYTT b00F 61T 2¢0°0F 0T T0'0F06°1 PO €0'0FSET 9T0'0F96'1 ac0’0+99°C BEOOFELY -urprued)
uryoyes(1do)
-9pISOXAY-¢
2€0'0F09°S PEO0F8LY 2E0'0F 60 ac0'0FLT9 }O'0FT8T 32007881 33200F29°C POEO0FO0I'S q9C00F LS9 verO0FSETT -urpue£)
surueAo0 Uy
XX HSVIN 1dS 10100 HSVIN
HSVIAS xoundsd  "IXX Hdd Xounosd TXAA O -1 ddV xeunodd ATHA Xounded VLT Xounood TIXX xounosod B[] Xounosod ATdA wAzueg [0nuos 3dInf o[dweg

Do § 1B sypuow G 10J d3eI0ls Jojje 2ol A11agajoyo ur (qu 00 1/3w) spunodwod drjousydAjod jo uoneoynuend) g ajqel

pringer

Qs



1913

European Food Research and Technology (2018) 244:1907-1920

(SO0 > d) SeouaIayIp JuedyIuSIs Juasardal QuI SWes ) UTYIIM SIS JUSISPIP AQ PAMO[[OF (IS F SUBIIA o—&

v

uryoareords 1da ‘uryooied o

AST0FYL'LT

PYT'0F¥€ 061

qeSO’'0F88'S

BZO0F9ET
qeTO0FLY'I

QPO 0FIL°E

200" F01°0

BZO'0F 180

qee0'0+0L0

29%0'0 F66°0

QeI00F 180

P0'0F LIS

q9S0°0F9LTI

POLTOFST'9C

qeST0F€6'1€9

PSO'0F o€

2000°0F €0
PO100FL80

qez0'0F68°€

900'0F€€0

BI00F 180

BO0'0FSLO

qg0'0FLO'T

qE10'0F88°0

BZO'0FS001

q9S0°0F 0¥ CI

P600F16°ST

ALTOF¥ELT9

STO0FITE

PIO0OF61°0
PIO0F8L0

qQez00FH8'€

29000+ 620

®00'0FS8°0

2000F69°0

qez00FSI'l

QeI0°0FS80

qez0'0F6L°6

0 0F0TTT

POLO'OF 19T

BST'0F€E°8H9

ac0’0F LIS

2920°0F 6¥°0
2qeT00F I

E0'0FEV'E

PT00FIT0

BI00F 180

970'0F69°0

QRIOOFIT'I

BI0°0FL80

az0'0F 656

BEO'0FITYI

qe90'0F16'8C

9T°0F95°S6S

PTO0FI19°¢

qeyr00F91°1
920'0F06°0

B00F9I'Y

qz0'0F€€°0

BI00F 180

210°0F89°0

BI0O0FO0CTT

4°00°0F+8°0

qee0'0+FSL'6

0 0FO0T'TT

F800FEIET

9610 F9E Y19

FO0FILT

POO'0FCTI0
SP10'0F89°0

29E0°0F L€

BI0'0F 810

BIO0FLLO

d10°0FL9°0

290'0FL6°0

200'0F L0

2¢0°0F09°8

JTO0FS6'S

B90'0FSS°6C

BOTOFES6Y9

P100F9¢ Y

PPIO'0OFI1T0
2910°0F60'T

qQeEO'0F€/E

2910°0F 620

eI0'0F98°0

2000FL9°0

eO0'0FHT'1

qB10°0F98°0

BZO0FS6'6

PEOOFTSTT

960'0F29'9C

qesT0F T+

QI00FI16S

dI0°0FLEO
qeTO'0F 8’1

qI00FTLE

PITO0FS00

BI00FCLO

d100F+¥9°0

210°0F26°0

210'0F8L0

PITO'0+FTT8

P€0°0F€0TI

9990'0F8€'LT

TE0FIT1°98S

BI0'0FCTT9

PI00F L0
BI0'0F9S'T

qzo'0FTLE

PT00FHT0

BI00F 80

BZO0FHLO

qez0'0F0I'l

®00'0F 60

QeE0'0F8L6

BEO0F 99V

980°0F$8'¢T

dpST'0FTL08Y

2qZ0'0F8I°S

qeo00FEI'T
24000 F 621

PITO'0F8T€E

P2TO'0F80°0

BI0'0F 690

200°0F99°0

2000F 160

200'0F9L°0

PTO'0F90°8

2¢0°0F10°CI

opu
-01non[3-0-L
[0Ad1porrg
SUOUBAR[]
urpruekooxd
oLwA[og
uryoo
-peordg-(—)
Jowp urptu
-eAkooxd odK1-g
urgoaNeD~(+)
Jowrp utptu
-eAkooad odK1-g
S[0-¢-UurAR[]
paynuoprun
JOWOST
IpISOXaY
-[Asouwrey1
UnouWeRYIOos|

IoWOST
9pISOXaY
-[Asouwreyx
UIoUWRYIOS]
9pIsoxayk
-X03p-(-3s0
-XayAXx09p-0
-unaorend)
JpISOXaY
-[Asojuad
UnouUWeYIos|
9p1soon|3
-0-¢-unaoand)
op1sojoees
-0-¢-unaIand)

XX
HSVINS Xounodd

IXX g4 Xeunoed

TIXAd ndo

$~1dAV Xounoad

HSVIN
QTA Xunoad

1dS
VLT Xoundod

XX Xounoad

10[0D
BI[) Xounodd

HSVIA
ATAA whzueq

Jonuod 221my

ordweg

(ponunuoo) zsjqey

pringer

a's



1914

European Food Research and Technology (2018) 244:1907-1920

Fig. 1 The polyphenolic 2000 -
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and oligomers, PP polymeric £ 800 - u - - - I
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0 J

Om 5m Om 5Sm Om 5Sm Om 5m Om 5m Om 5Sm Om 5m Om 5m Om S5m Om 5m

JUICE Panzym Pectinex Pectinex Pectinex Pectinex Pectinex Opti  Pectinex Pectinex
YELD  Ultra XXL ULTRA YELD AFPL-4 EYXL BEXXL SMASH
MASH  Color SPL MASH XXL

MASH (80%), and the increase was found in juice with
addition of Pectinex AFP L-4 (8%). After storage, the value
of aglycone cyanidin decreased by 94% and the value of
cyanidin-3-0O-galactoside was on average 10% higher than
before storage. Buchert at al [23]. found that the most effi-
cient enzyme to increase the value of anthocyanin extraction
was Pectinex BE-3L, which increased the yield by 41% in
blackcurrant juice. With the others, such as Pectinex Ultra
SP-L and SMASH XXL, the increase was 13—16%. Similar
results of hydrolysis were described due to the Wightman
and Wrolstad [11] and Buchert at al [23]. Probably new
components such as aglycones were liberated by enzymatic
hydrolysis from anthocyanidin glycosides. The production of
unstable cyanidin aglycone takes place by the high presence
of glycosidase activity.

The next group of identified polyphenolic compounds
was hydroxycinnamic acids, which accounted for 31% of
all identified compounds. The use of pectinolytic enzymes
did not have a significant effect (P < 0.05) on the concentra-
tion of phenolic acids. The control sample before storage
contained 533.40 mg/100 mL of phenolic compounds, which
was 1.6% lower than samples with addition of enzymes.
Neochlorogenic and chlorogenic acids were the major com-
pounds belonging to phenolic acids in juice and accounted
on average for 59 and 33% of all identified compounds.
Similar results were described by Oszmianski and Lachow-
icz [17], Lachowicz et al. [12] and Ochmian et al. [24]. The
content of hydroxycinnamic acids in control juice after stor-
age was 1.8% lower than before storage. After 5 months of
storage the largest decrease was identified in juice samples
with addition of Pectinex ULTRA SPL (13%).

The next examined group of polyphenolic compounds
was total flavonols and flavonones, which accounted for
4% of all identified compounds. The use of pectinolytic
enzymes did not have a significant effect (P <0.05) on the

@ Springer
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content of flavonols and flavonones. The concentration of
flavonols and flavonones was 73.14 mg/100 mL and was
11% higher than the content in samples with addition of
enzymes. The content of flavonols and flavonones ranged
from 80.53 mg/100 mL for juice with Pectinex ULTRA SPL
to 50.99 mg/100 mL for juice with Pectinex Color. After
5 months’ storage at 5 °C, the concentration of flavonols
and flavonones in control juice was 12% lower than before
storage. The content of flavonols and flavonones after stor-
age ranged from 76.27 to 59.80 mg/100 mL for juice with
Pectinex XXL and Pectinex ULTRA SPL. The content of
flavonols and flavonones in chokeberry juice with addi-
tion of enzymes was on average 16% lower than the value
of these compounds in chokeberry juice after clarification
with clarification agents [12]. The last group of polyphe-
nolic compounds was flavan-3-ols, present in the form of
monomers, oligomers and polymeric procyanidins, which
accounted for 39% of all compounds. The content of flavan-
3-ols (monomeric and oligomeric) in control samples was
12.97 mg/100 mL and was 27% higher than the average
content in juice with addition of enzymes. The highest con-
tent of flavan-3-ols was found in the juices with addition of
Panzym YELD MASH (13.21 mg/100 mL) and the lowest
was found in the samples with addition of Pectinex ULTRA
SPL (7.06 mg/100 mL). After storage, the content of flavan-
3-ols in control juice was 16% lower than before storage. The
largest decrease of the content of flavan-3-ols was recorded
in juice with addition of Pectinex YELD MASH (11%), and
the largest increase was found in juice with Pectinex AFP
L-4 (36%) and Pectinex Ultra Color (41%).

The polymeric procyanidins are particularly important
for the tart taste of juices and participate in the develop-
ment of turbidity and precipitation. Procyanidin polymers
exhibit high affinity for proteins, causing them to denature
and cause a feeling of dryness in the oral cavity. This effect
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is noticeable when consuming fruit and chokeberry juice.
These compounds accounted for 38% of all identified com-
pounds. Used pectinolytic enzymes had a significant effect
(P <0.05) on the concentration of polymeric procyanidins.
The content of polymeric procyanidins in control juice
before storage was 534.37 mg/100 mL and was 10% lower
than in juice samples with addition of enzymes. After 5
months at 5 °C, the content of polymeric procyanidins
in control samples was 6% lower than before storage.
The largest decrease of polymeric procyanidins was in
juice with addition of Pectinex Ultra Color (13%), and
the lowest was found in chokeberry juice with addition of
Pectinex AFP L-4 (8%). The degree of polymerisation of
procyanidins, i.e. the number of flavan-3-ol units of cat-
echin-linked monomers, modulates the physicochemical
properties of procyanidins. According to literature data,
the degree of polymerization of samples without and with
enzymes was 21 and 27% higher in relation to the degree
of polymerization of chokeberry fruit (26) analysed by
Oszmianiski and Wojdyto [19]. After storage, the degree
of polymerisation was 9% lower than before storage, which
means that products after storage are slightly less tart.
According to Bagger-Jgrgensen and Meyer [22], the
application of Pectinex Ultra SP-L leads to a higher con-
tent of flavan-3-ols (monomers, oligomers and polymeric
procyanidin) than anthocyanins. They observed the oppo-
site effect in a control sample. The flavan-3-ols and pol-
ymeric procyanidin can participate in the condensation
reactions of anthocyanins in a mechanism of polymeriza-
tion by direct anthocyanin—tannin reactions and can lead
to degradation of anthocyanins in red juices. According
to Lachowicz et al. [12], the flavan-3-ols and polymeric
procyanidins in chokeberry juice clarified by polysac-
charide clarification agents were on average 78% higher
and 77% lower, respectively, than in a control sample and

83% higher and 84% lower, respectively, than in juice with
enzymes.

Impact of pectinolytic enzymes on antioxidant
capacity

The results of the ABTS and FRAP assays are shown in
Fig. 2. The addition of different pectinolytic enzymes to
juice significantly (P <0.05) affected the level of the anti-
oxidative capacity (ABTS and FRAP assay). The antioxidant
capacities measured by ABTS and FRAP tests in choke-
berry juice (control sample) before storage were 11.58
and 6.64 mmol TE/100 mL and were 12% lower than the
antioxidant capacity in chokeberry juice with addition of
pectinolytic enzymes. The antioxidant capacity ranged from
15.46 to 9.36 mmol TE/100 mL (ABTS assay) and from
8.64 to 4.94 mmol TE/100 mL (FRAP assay) for the choke-
berry juice with addition of the enzymes Pectinex AFP L-4
and Pectinex SMASH XXL, respectively. The antioxidant
capacity analysed by ABTS and FRAP assays in the control
sample after 5 months at 5 °C was 30 and 19% lower than
the antioxidant capacity in samples before storage. Addi-
tionally, average antioxidant capacity measured by ABTS
and FRAP assays in chokeberry juice with addition of pec-
tinolytic enzymes after storage was 28 and 17% higher than
in the control sample. The largest decrease of antioxidant
capacity was found in the samples with addition of Pectinex
SMASH XXL: 48% (ABTS assay) and 38% (FRAP assay).
The smallest decrease of antioxidant capacity was recorded
in the juice with addition of Panzym YELD MASH and Opti
EYXL (3 and 7% for ABTS and 8 and 3% for FRAP).
According to Lachowicz et al. [12], the antioxidant capac-
ity in chokeberry juice clarified by polysaccharide-based
clarification agents were 3.4 and 2.6 times lower than the
antioxidant capacity (ABTS and FRAP assay) in juice with

Fig.2 The antioxidant capacity 18 -
analysed by ABTS and FRAP 16 -
assay (mmol TE/100 mL) in
chokeberry juice before (0 m) = 14 7
and after storage for 5 months at g 12 A
° S
5°C (5m) S 0 -
o
= 8 -
3 - ul (=0 1N - =l [N [SH 1 I
S g
2 ] ﬂ
0 J
Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m
Juice Panzym Pectinex Pectinex Pectinex Pectinex Pectinex Opti Pectinex Pectinex
YELD Ultra XXL ULTRA YELD AFPL-4 EYXL BE SMASH
MASH Color SPL  MASH XXL XXL

EABTS OFRAP
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addition of pectinolytic enzymes. The result of antioxidant
capacity (ABTS test) obtained by Oszmiariski and Wojdyto
[19] was 3.4 times lower than in juice with addition of
enzymes. Kulling and Rawel [20] noted that the antioxidant
potency of chokeberry juice analysed by ABTS assay was
6.5-7.0 mmol TE/100 mL, and was 1.7 and 1.9 times lower
than the antioxidant capacity in chokeberry juice without
and with addition of enzymes, respectively. Furthermore,
the used pectinolytic enzymes showed less decrease of anti-
oxidant potential, compared to clarifying agents based on
bentonite, and proteins and polysaccharides of chokeberry
juice [12].These pectinolytic enzymes can be used as an
alternative in the process of clarification of chokeberry juice.

Impact of pectinolytic enzymes on sugar content

The results for the sugars fructose, sorbitol and glucose in
the control sample and with enzymes before and after stor-
age are presented in Fig. 3.

The addition of different pectinolytic enzymes to choke-
berry juice significantly (P <0.05) affected the content
of sugar. The content of sugar in chokeberry juice with-
out enzymes before storage was 19.63 g/100 mL and was
13% higher than in juices with enzymes. This content of
sugar was confirmed by Ochmian et al. [24]. The content of
sugar ranged from 19.25 for juice with Pectinex BE XXL to
15.82 g/100 mL for juice with Pectinex XXL. The content
of sugar in the control sample after 5 months at 5 °C was
10% lower than before storage. The smallest decrease of the
content of sugar after storage was recorded in the sample
with addition of the enzyme Pectinex AFP L-4 (1%) and the
largest decrease was found in the chokeberry juice with addi-
tion of the enzyme Pectinex BE XXL (16%). Additionally,
sorbitol was the dominant compound in chokeberry juice
among the three analysed sugars and accounted on average
for 55% of all sugars. The content of glucose and fructose
accounted on average for 29 and 16% of all sugars, respec-
tively. Those results were also confirmed by the research

of other authors [17, 20]. In freshly pressed chokeberry
juice sorbitol (8 g/100 mL), glucose (4.1 g/100 mL) and
fructose (3.8 g/100 mL) were identified [20]. According to
Oszmianski and Lachowicz [17], sorbitol was the dominant
sugar in chokeberry juice and accounted for 48% of all ana-
lysed sugar, while glucose and fructose accounted for 30 and
22% of all sugar in chokeberry juice.

Impact of pectinolytic enzymes on viscosity,
turbidity, and precipitate

The main physical parameters of obtained juices without and
with addition of pectinolytic enzymes before and after stor-
age are analysed in this study and presented in Table 3. The
quality parameters measured in the resulting juices were tur-
bidity and precipitation, both depending on different sizes of
particles. Particles with diameters in the range of 1-100 pm
show low sedimentation, and when the diameters are bigger
than 1 mm sedimentation is higher [12]. The addition of dif-
ferent pectinolytic enzymes to juice significantly (P <0.05)
affected the value of turbidity. The level of turbidity in the
control sample before storage was 575 NTU and was 99%
higher than average values of turbidity in samples with addi-
tion of enzymes. The lowest values of turbidity were found
in the chokeberry juice with addition of Pectinex AFP L-4,
Pectinex XXL, Opti EYXL and Pectinex Ultra Color and
were 0.29, 0.34, 0.36 and 0.99 NTU, respectively. The high-
est value of turbidity was recorded in the juice sample with
addition of Pectinex SMASH XXL and was 14.78 NTU.
The storage time also significantly (P < 0.05) affected the
decrease of the values of turbidity and precipitation. The
value of turbidity in control juice after 5 months at 5 °C
was 56% lower than before storage. The largest decreases
of turbidity value in juices with enzymes were found in the
samples with Pectinex SMASH XXL (96%), Pectinex YELD
MASH (93%) and Pectinex BE XXL (92%). The lowest tur-
bidity was found in the products with Pectinex AFP L-4
(ONTU) and Opti EYXL (0.14NTU).

Fig.3 The content of sugars 25 1
(g/100 mL) in chokeberry juice
before (0 m) and after storage 20 A
for 5 months at 5 °C (5 m). —
Fructose (black colour), Sorbi- g 15 1
tol (light grey colour), Glucose =
(gray) 2101
5 4
O J

Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m Om 5m

Juice
YELD
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Table 3 .Tl_"bid%ty’ viscosity, Samples Turbidity (NTU) Viscosity (mPa s) Precipitate (%)
and precipitate in chokeberry
juice before and after storage for Om 5m/5°C Om Sm/5°C 5m/5°C
5 months at 5 °C
Juice control 575.00+0.07h* 251.00+0.04h 8.10+0.02c 3.54+0.02gh 2.8le
Panzym YELD MASH  8.37 +0.02f 097+0.03 g 5.10+0.02b 2.55+0.03f 1.47a
Pectinex Ultra Color 0.99+0.02¢c 0.65+0.04e 4.86+0.03a 3.19+0.04g 291lef
Pectinex XXL 0.34+0.03b 028+0.02cd 4.92+0.04a 4.05+0.02h  2.30cd
Pectinex ULTRA SPL 1.10+0.02cd 0.44+0.01e 4.86+0.03a 1.94+0.0lcd 1.55ab
Pectinex YELD MASH 3.62+0.04d 0.26+0.03c 4.62+0.02a 231+0.02¢ 2.24c
Pectinex AFP L-4 0.29+0.03a 0.00+0.00a 4.74+0.04a 1.63+0.03b  2.06bc
Opti EYXL 0.36+0.03b 0.14+0.02ab  4.68+0.02a 1.82+0.02c  2.87¢
Pectinex BE XXL 3.98+0.04e 0.33+0.03d 4.56+0.04a 1.38+0.02ab 2.54d
Pectinex SMASH XXL 14.78 +£0.05¢g 0.53+0.03f 498+0.03a 1.18+0.03a  1.70b

A
(P<0.05)

The value of precipitation after 5 months’ storage of
chokeberry juice without enzymes was 2.81% and was 22%
higher than the average value of precipitation in juice with
addition of enzymes. The precipitation in chokeberry juice
with enzymes ranged from 2.91 for Pectinex Ultra Color
to 1.47% for Panzym YELD MASH and Pectinex ULTRA
SPL.

The next quality discriminant measured in the resulting
samples was viscosity. The addition of pectinolytic enzymes
to the chokeberry juice did not significantly (P <0.05) affect
the value of viscosity. The viscosity in the juice sample with-
out enzymes before storage was 8.10 mPa s and was 40%
higher than average values of viscosity of juice with addi-
tion of pectinolytic enzymes. Furthermore, the storage time
significantly (P <0.05) affected the viscosity of chokeberry
juices. The value of viscosity in the control sample after
5 months was 56% lower than before storage. The largest
decrease of viscosity was in chokeberry juice with addition
of the enzymes Pectinex SMASH XXL (76%), Pectinex BE
XXL (70%), Opti EYXL (61%), Pectinex AFP L-4 (66%),
and Pectinex ULTRA SPL (60%), and the smallest decrease
was in the sample with Pectinex XXL (18%).

In addition, Kalisz et al. [25] explain that during the stor-
age of chokeberry juice a polyphenol polymerization reac-
tion may occur, affecting the formation of multi-particulates,
which have lower solubility. These compounds may affect
the formation of sediments and turbidity. In addition, in bev-
erages and juices rich in polyphenolic compounds, deposits
and turbidity are observed during storage [26]. The use of
enzyme preparations caused the high solubility and lack of
formation of such molecules. The pectinolytic enzymes used
showed lower values of turbidity and precipitation, com-
pared to clarifying agents based on bentonite and proteins.
These pectinolytic enzymes can be used as an alternative in
the process of clarifying chokeberry juice, besides polysac-
charides [12].

a—e Means+SD followed by different letters within the same line represent significant differences

Enzymatic treatment is carried out to break down multi-
particulated complex carbohydrates into compounds with
lower molecular weights. Examples of such polysaccha-
rides are pectins, which hinder clarification and filtration by
increasing the viscosity of the juice and clogging of filtres.
Pectin hydrolysis, which leads to the formation of poly-d-
galacturonic acid fragments, causes a decrease of viscosity,
turbidity in juice and an increase of efficiency of filtration
process, which facilitates the subsequent juice filtration pro-
cess [27].

Impact of pectinolytic enzymes on colour

The colour parameter affects the first contact of the person
with a product, and their decision to choose the product [28,
29]. The colour parameters L*, a*, b*, AE, AC and H® in the
juice without and with enzymes before and after 5 months
of storage are presented in Table 4.

In the juice without enzymes, the average L*, a*, and
b* parameters before storage were 28.33, 59.02 and 47.26.
The average darkest juices were samples with addition of
Pectinex XXL (L*=27.81), and the lightest was sample with
addition of Opti EYXL (L*=29.15). The colour parameter
L* in control juice after 5 months’ storage at 5 °C was 14%
lower than in the control sample before storage. The samples
after storage were 4% lighter than the control juice. The big-
gest brightening of parameter L* was found in chokeberry
juice with Panzym YELD MASH and Pectinex Ultra Color
around 3%, and the smallest was found in juice with Pectinex
SMASH XXL around 6%.

The different enzymes added to juice did not significantly
(P <0.05) affect the final red colour. The red colour in con-
trol juice after 5 months’ storage was 7% higher than in the
control sample before storage. The addition of different
pectinolytic enzymes to chokeberry juice did not signifi-
cantly affect the parameter a*, whereas 5 months’ storage
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Table 4 Colour parameters in chokeberry juice before and after storage for 5 months at 5 °C

Time Samples L* a* b* AE AC H°

Om Juice control 28.33+0.044 59.02 +0.02a 47.26+0.03a - - -
Panzym YELD MASH 28.32+0.03b 59.02+0.03a 47.37+0.03a 1.08ab 0.72b 0.79b
Pectinex Ultra Color 28.38+0.02b 60.08 +0.03a 47.20+0.04a 1.33bc 0.35ab 1.17¢
Pectinex XXL 27.81+0.03a 59.47+0.04a 46.23+0.03a 1.67¢ 1.51c 0.18a
Pectinex ULTRA SPL 29.02+0.02bc 60.31+0.02a 48.17+£0.02a 1.02ab 0.39ab 0.84b
Pectinex YELD MASH 27.89+0.02a 59.24 +0.03a 46.47+0.03a 1.19b 0.50ab 1.07bc
Pectinex AFP L-4 28.28 +0.04b 60.08 +0.03a 46.84+0.04a 2.05d 1.87¢ 0.13ab
Opti EYXL 29.15+0.03¢ 60.56+0.04a 48.44+£0.02a 0.88a 0.27a 0.82b
Pectinex BE XXL 28.14+0.02ab 59.74+£0.02a 46.90+0.03a 1.38bc 0.26a 1.28cd
Pectinex SMASH XXL 27.85+0.03a 59.61+0.04a 46.21+£0.03a 9.75¢ 8.00d 3.05¢

5m/5°C Juice control 32.98+0.01cd 63.21+0.03a 54.84+0.02ab 10.32f 7.37e 4.66e
Panzym YELD MASH 33.82+0.03d 61.57+0.03a 55.70+0.02a 3.83bc 3.17bc 1.13ab
Pectinex Ultra Color 33.84+0.04d 61.6+0.03a 55.70+0.02a 3.08b 2.18b 1.25b
Pectinex XXL 30.14+0.03ab 60.76 +0.04a 50.25+0.02bc 4.76¢ 3.27bc 1.97bc
Pectinex ULTRA SPL 30.09 +0.02ab 59.92+0.03a 49.72 +0.02¢ 5.71d 3.93¢c 2.36¢
Pectinex YELD MASH 31.16 +0.02b 60.29 +0.02a 50.97+0.03bc 7.64e 6.04d 2.74cd
Pectinex AFP L-4 31.73+0.02bc 60.54+0.02a 51.69+0.03b 5.51d 3.81c 2.19bc
Opti EYXL 32.12+0.02¢ 61.91+0.04a 53.34+0.01ab 2.20ab 1.42ab 0.88ab
Pectinex BE XXL 31.64+0.03bc 60.56+0.03a 51.49+0.03b 1.15a 0.88a 0.39a
Pectinex SMASH XXL 29.75+0.01a 59.57+0.02a 48.95+0.03cd 12.47¢g 9.49f 4.87ef

Aa—e Means + SD followed by different letters within the same line represent significant differences (P <0.05)

significantly affected the attractive colour, the juices being
redder, which was in agreement with other authors [12, 29,
30]. The different enzymes added to juice did not signifi-
cantly (P <0.05) affect the yellow colour. The yellow col-
our, parameter b* in control juice after 5 months’ storage
at 5 °C, was 14% higher than in the control sample before
storage. The highest value of yellow colour was found in
juice with Panzym XEDL MASH and Pectinex Ultra Color
(b*=55.70), and the lowest was found in juice with Pectinex
SMASH XXL (b*=48.95).

The parameter AE was also identified in the obtained
juices. AE expresses the human eye’s ability to discrimi-
nate between the colours of products. It is accepted that a
person can only distinguish the hues between two samples
when parameter AE >S5 units [31]. Compared to the juice
with enzymes before storage AE ranged from 9.75 in the
chokeberry juice with addition of Pectinex SMASH XXL
to 0.88 in the chokeberry juice with addition of Opti EYXL.
After 5 months’ storage at 5 °C, the amount of the param-
eter AE of juice ranged from 12.47 to 1.15 for juice for
Pectinex SMASH XXL and BE XXL, respectively. Wirth
et al. [32] reported that juices with different addition agents
or juices contained different types of hue and have an effect
on the good quality of products. Changes in chemical and
physical composition and bioactive compounds in juices
with different pectinolytic enzymes affect their colour. The

@ Springer

differences probably arise from addition of different pecti-
nolytic enzymes.

Principal component analysis

The results indicating differences between physical and bio-
active antioxidant parameters were emphasised during PCA.
Then, two main PCs for the measured chokeberry juices
without and with enzymes accounted for 55.00% of total
variability, PC1 for 33.00% and PC2 for 22.06%, as shown
in Fig. 4. The results obtained from PCA presented of four
clusters:

1. Samples without enzymes and with Panzym YELD
MASH with a higher concentration of anthocyanins,
flavan-3-ols, flavonols, flavonones and phenolics, and
high turbidity and viscosity.

2. Samples with Pectinex: YELD MASH, SMASH XXL,
XXL with a higher concentration of phenolic acids and
high colour parameters: AE, AC and H°.

3. Samples with Pectinex: AFP L-4 and BE XXL with high
content of glucose, fructose, sorbitol, sugar and precipi-
tate.

4. Samples with Pecrinex: Ultra Color, ULTRA SPL, Opti
EYXL with a higher content of polymeric procyanidin
and high degree of polymerisation and positive cor-
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Fig.4 PCA analysis present-

PCA 1V 2 (55.00%)
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Cluster analysis
The use of hierarchical cluster analysis allowed definition

of four areas of relationships between enzymes added to
chokeberry juice and the level of chemical and physical

Fig.5 The influence of pecti-
nolytic enzymes on analysed

04 02 00 0,2 0,4 0,6 0,8 1,0
p1 (33.00%)

parameters and bioactive compounds in the chokeberry
juice (Fig. 5). In the first cluster, grouped around the sam-
ple without enzymes, there were the factors exhibiting a
positive effect of Pectinex SMASH XXL on the level of all
parameters in chokeberry juice. This area had a mean 10%
increase in all parameters. The next area, in which the aver-
age increase in the content of all parameters was 20%, was
determined by Panzym YELD MASH and Pectinex YELD
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parameters in chokeberry juice

JUICE

Pectinex SMASH XXL

Panzym > YELD MASH
|
Pectinex > YELD MASH

Pectinex Ultra Color

Pectinex XXL
Pectinex ULTRA SPL

Pectinex AFP L-4

Opti EYXL

Pectinex BE XXL

500 1000 1500 2000 2500
Distance linkage

@ Springer



1920

European Food Research and Technology (2018) 244:1907-1920

MASH. The another cluster in which the average increase
in the content of all parameters in chokeberry juice was 50%
were determined by Pectinex XXL, ULTRA SPL, AFP 1-4
and Opti EYXL. The last area comprised Pectinex BE XXL,
which had a distinct adverse effect on the level of all param-
eters, reducing their amount on average by 10%.

Conclusion

In summary, pectinolytic enzymes such as Panzym YELD
MASH, Pectinex YELD MASH and Opti EYXL after 24 h
provided high content of polyphenolic compounds, primarily
anthocyanins, polymeric procyanidins and phenolic acids,
high antioxidant potency and low values of turbidity and
precipitation. The colour of juices with these enzymes was
red and attractive and without browning. Therefore, Pan-
zym YELD MASH, Pectinex YELD MASH and Opti EYXL
are strongly recommended for the process of clarification
of chokeberry juices and probably for the pre-treatment
of chokeberry pulp. These pectinolytic enzymes after 5
months’ storage at 5 °C also influenced the stability and
protection of chemical, physical and bioactive potency in
the chokeberry juice.

Acknowledgements A part of this work was financially supported by
the National Research and Development Centre granted on the basis
of decision PBS3/B8/21/2015. The publication was supported by
Wroclaw Centre of Biotechnology, under the programme The Leading
National Research Centre (KNOW) for the years 2014-2018.

Compliance with ethical standards

Compliance with ethics requirements All authors declare that this ar-
ticle does not contain any studies with human or animal subjects.

Conflict of interest The authors declare no conflict of interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Gerard KA, Roberts JS (2004) LWT Food Sci Technol
37(5):551-557

@ Springer

11.
12.

13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Seeram NP (2008) J Agric Food Chem 56(3):630—635

Ribeiro DS, Henrique S, Oliveira LS, Macedo GA, Fleuri LF
(2010) Inter J Food Sci Technol 45(4):635-641

Smeriglio A, Barreca D, Bellocco E, Trombetta D (2016) Phyto-
ther Res 30(8):1265-1286

Brownmiller C, Howard LR, Prior RL (2008) J Food Sci 73(5)
He J, Giusti MM (2010) Annu Rev Food Sci Technol 1:163-187
Weber F, Larsen LR (2017) Food Res Inter 100:354-365

Patras A, Brunton NP, O’Donnell C, Tiwari BK (2010) Trends
Food Sci Technol 21(1):3-11

Bhat MK (2000) Biotechnol Adv 18(5):355-383

. Howard LR, Prior RL, Liyanage R, Lay JO (2012) J Agric Food

Chem 60(27):6678-6693

Wightman JD, Wrolstad RE (1996) J Food Sci 61(3):544-548
Lachowicz S, Oszmiarski J, Kalisz S (2018) LWT Food Sci Tech-
nol 92:347-360

Lachowicz S, Oszmiarski J, Pluta S (2017) Food Chem
235:234-243

Lachowicz S, Wojdyto A, Chmielewska J, Oszmiariski J (2017)
Eur Food Res Technol 1-11

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C (1999) Free Radic Biol Med 26(9):1231-1237

Benzie IF, Strain JJ (1996) Anal Biochem 239(1):70-76
Oszmiariski J, Lachowicz S (2016) Molecules 21(8):1098
Cebulak T, Oszmiariski J, Kapusta I, Lachowicz S (2017) Mol-
ecules 22(7):1161

Oszmianski J, Wojdylo A (2005) Eur Food Res Technol
221:809-813

Kulling SE, Rawel HM (2008) Plant Med 74(13):1625-1634
Landbo AK, Meyer AS (2004) Innov Food Sci Emerg Technol
5(4):503-513

Bagger-Jgrgensen R, Meyer AS (2004) Eur Food Res Technol
219(6):620-629

Buchert J, Koponen JM, Suutarinen M, Mustranta A, Lille M, Tor-
ronen R, Poutanen K (2005) J Sci Food Agric 85(15):2548-2556
Grajkowski OchmianD, Smolik J M (2012) Notulae Botanic Hor-
tic Agrobot Cluj Napoca 40(1):253

Kalisz B, Kalisz S, Oszmiariski J (2001) Food Sci Technol Qual
8(2):94-103

Rgdtjer A, Skibsted LH, Andersen ML (2010) Food Chem
123:1035-1039

Heftels P, Biihrle F, Schieber A, Weber F (2017) Eur Food Res
Technol 243(1):59-68

Mena P, Garcia-Viguera C, Navarro-Rico J, Moreno DA, Bartual
J, Saura D, Marti N (2011) J Sci Food Agric 91(10):1893-1906
Gallego MG, Garcia-Carpintero EG, Sanchez-Palomo E, Vifias
MG, Hermosin-Gutiérrez I (2013) Food Res Inter 51(2):554-563
Oszmianski J, Wojdyto A, Lachowicz S (2016) LWT Food Sci
Technol 67:214-222

Pérez-Magarifio S, Gonzéalez-Sanjosé ML (2003) Food Chem
81(2):301-306

Wirth J, Morel-Salmi C, Souquet JM, Dieval JB, Aagaard O, Vidal
S, Fulcrand H, Cheynier V (2010) Food Chem 123(1):107-116


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Influence of different pectinolytic enzymes on bioactive compound content, antioxidant potency, colour and turbidity of chokeberry juice
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Samples
	Chokeberry juices

	Preparation of chokeberry juice
	Precipitate values, viscosities and turbidity measurement
	Qualitative and quantitative assessment of polyphenols
	Analysis of proanthocyanidins by phloroglucinolysis
	Determination of antioxidant activity
	Analysis of sugar
	Colour measurement
	Statistical analysis

	Results and discussion
	Impact of pectinolytic enzymes on content of polyphenols
	Impact of pectinolytic enzymes on antioxidant capacity
	Impact of pectinolytic enzymes on sugar content
	Impact of pectinolytic enzymes on viscosity, turbidity, and precipitate
	Impact of pectinolytic enzymes on colour
	Principal component analysis
	Cluster analysis

	Conclusion
	Acknowledgements 
	References


