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CHANGES IN TURBIDITY, TOTAL PHENOLIC
AND ANTHOCYANIN CONTENTS OF CLEAR
RED GRAPE JUICE DURING PROCESSING

Abstract

This study evaluates the changes in total phenolic content, total anthocyanin content and turbidity with
respect to various processes that are used during the clear red grape juice production. Advanced
clarification of grape juice was carried out by ultrafiltration using 50 kDa cut-off membrane. Ultrafiltration
caused significant lowering in total phenolic content and turbidity value as 30.9 and 99.0 %, respectively.
Only 10.5 % total anthocyanin content were lost during the process. 
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BERRAK SİYAH ÜZÜM SUYUNUN BULANIKLIK DÜZEYİNDE
VE TOPLAM FENOLİK MADDE VE ANTOSİYANİN İÇERİĞİNDE

İŞLEME SIRASINDA MEYDANA GELEN DEĞİŞİMLER

Özet

Bu çal›flma, berrak siyah üzüm suyu üretimi s›ras›nda kullan›lan çeflitli prosesler aç›s›ndan toplam fenolik
madde ve toplam antosiyanin içeri¤i ile bulan›kl›k düzeyindeki de¤ifliklikleri de¤erlendirmektedir.
Üzüm suyunun ileri düzeyde berraklaflt›rma ifllemi 50 kDa ay›rma s›n›r›nda membran kullan›larak
ultrafiltrasyonla gerçeklefltirilmifltir. Ultrafiltrasyon, toplam fenolik madde içeri¤i ve bulan›kl›k de¤erinde
s›ras›yla % 30.9 ve % 99.0 olmak üzere önemli azalmaya neden olmufltur. Proses s›ras›nda toplam
antosiyanin içeri¤inin sadece % 10.5’ i kaybedilmifltir. 

Anahtar kelimeler: Berrak siyah üzüm suyu, ultrafiltrasyon, mayfle ›s›tma, toplam fenolik madde
miktar›, bulan›kl›k  
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INTRODUCTION

Grape  plant  (Vitis vinifera L.) –  the  father  of
alcoholic  beverages – is  being  cultivated  for
thousands of years (1). The fruit has been widely
grown in Northern South America, Central and
North America, Asia and Europe (2).  Grape seed
and skin contains several functional compounds
i.e. phenolics and anthocyanins (3-6); though
their amount depends on certain factors e.g.
grape variety, vintage, fungal infection, cultivation,
environmental conditions etc.. Phenolics and
anthocyanins are of great interest due to their
antioxidant and cardioprotective properties.
They are also reported as effective in various
cancer research models (7-9). These compounds
also influence the sensorial properties of grape
juice (bitterness, astringency etc.). Furthermore,
their impacts on color and stability (tendency to
haze formation and interactions with proteins)
are important for fruit juice industry. 

Procedural  variations  e.g.  type  of  extraction,
contact time, heat and enzymatic treatments (10, 11)
can affect the final composition of anthocyanins
and  other  phenolic  contents  in  grape  juice.
Along with other variables, colour is the most
important indicator of the grape juice quality. It
directly depends on the phenolic and anthocyanin
contents in the grape (12). Greater juice yields,
higher titratable acidity, greater colour extraction,
higher   anthocyanin   and   total   phenolic
concentrations can be resulted if the grapes are
heated before pressing (13, 14). Pressed fruit
juices  have  cloudy  appearance  because  of
their  naturally  existing  compounds  such  as
polysaccharides (pectin, cellulose, hemicelluloses,
lignin and starch), proteins, tannins and metal
ions. Aggressive pretreatments before pressing
like mash heating and enzymatic fermentation
enhance amounts of these components in juice.
Consequently, post-bottling haze can be formed
during storage even if the juice is clear (15). In
fruit juice production, clarification is mostly carried
out by fining agents. Recently, microfiltration
(MF) and ultrafiltration (UF) systems have replaced
conventional fining and filtration methods due
to their operational advantages such as mild
temperatures,   less   enzyme   consumption,
elimination of fining agents and simplicity of
operation (16, 17).

Membrane filtration is based on size-exclusion
and pressure-driven unit operation in separation
technology    to    concentrate    and    purify
macromolecules from aqueous solutions. The
use of membranes with different cut-off ratings
allows separation of molecules according to their
molecular size (18, 19). Ultrafiltration is widely
used to clarify fruit juices by removing large
suspended particles and colloids that stabilizes
the clarity of juice against haze formation during
storage (20, 21).

The current study aimed to investigate the effects
of main processes i.e. mash heating, clarification,
detartarization and ultrafiltration on turbidity,
total phenolic and total anthocyanin contents
during clear red grape juice production.

MATERIALS AND METHODS 

Materials

Fresh grape fruits (Kara Gemre variety), obtained
in the fall of 2009, were used for juice production.
Gallic acid standard was purchased from Sigma-
Aldrich (Steinheim, Germany). Folin–Ciocalteau
reagent and sodium carbonate were purchased
from Merck (Darmstadt, Germany). 

Methods

Grape Juice Production

Grapes were randomly harvested at optimum
maturity from the vineyard (Isparta, Turkey) and
stored at 0 °C until processing. The schematic
diagram of laboratory scale grape juice production
is shown in Figure 1. Grapes were washed with
tap  water,  grained  by  hand  and  crushed
manually. Grape mash was submerged into a jar
in water bath shaker (Memmert, Germany) and
heated at 65 °C for 60 minutes. Maceration enzyme
mix (Pectinex Mash and Pectinex BE Colour,
Novoferm, Germany) (50 µL/kg) was added to
this mixture, followed by an immediate temperature
decrease to 50 °C. Maceration was performed for
30 minutes. After these processes, mash was again
manually pressed to obtain juice (yield 83 %).
The obtained juice was depectinized by pectolytic
enzyme  (50  µL/L  (Novoferm  61,  Novoferm,
Germany) at 50 °C for 45 minutes. Clarification
treatment was accomplished by adding bentonite
(5 %; 7 mL/L), gelatin (5 %; 6 mL/L), and kieselsol
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(15 %; 3.3 mL/L); each at 15 minutes interval at
50 °C during 2 hours. Clarified juice was coarse
filtrated and detartrated at 0 °C for 12 hours.
Potassium bitartrate crystals were formed during
this process, which were filtered out.

Ultrafiltration Process (UF)

UF process was performed by a laboratory scale
ultrafiltration system (Sartorius Stedim Biotech,
Goettingen, Germany). Detartrated grape juice
was feed through polyethersulfone membrane
(molecular weight cut-off 50 kDa; kDa = kilodalton)
having 200 cm2 effective membrane area. Grape
juice  was  ultrafiltered  by  recirculation  of
the retentate back to the feed reservoir until the
latter was reduced to 10 % of the original volume
at 25 °C ± 2. Permeate, obtained from ultrafiltration,
was filled into amber-coloured bottles and stored
at 4 °C until analysis.

Turbidity

Turbidity values of samples were measured using
a turbidimeter (Hach 2100N). Results are given in
NTU (Nepholometric Turbidity Unit) (22).

Determination of Total Phenolic Content 

Total phenolic content (TPC) of the samples was
determined according to the Folin-Ciocalteau’s
method (23). Gallic acid was used as a standard.
Results are expressed as gallic acid equivalents
(GAE) (mg GAE/L). The absorbance was measured
by  using  a  UV–visible  spectrophotometer
(Shimadzu UV-160A, Japan) at λmax 765 nm.

Determination of Total Anthocyanin Content 

Total anthocyanin content (TAC) of the samples
was determined according the pH differential
method of AOAC (24). The absorbance was
measured by using a UV–vis spectrophotometer
(Shimadzu  UV-160A,  Japan)  at λmax 520 nm.
Results are expressed as malvidin-3-glucoside
equivalents (ME, the predominant anthocyanin
in most grape cultivars) (mg ME/L) with a molar
extinction coefficient of 28000 L mol-1cm-1 (12).

Statistical Analysis 

SAS software, Version 7 (SAS Institute Inc., Cary, NC)
was used to analyze the obtained data statistically.
Values of all parameters (n = 4) are presented as
mean ± standard deviation. Analysis of variance
(ANOVA) and Duncan’s multiple comparison
tests were used to evaluate the means of different
treatments at a significance level of 0.05.
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Figure 1. Schematic diagram for clear red grape juice
production
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RESULTS and DISCUSSION 

Post-pressing

Extracted raw grape juice was provided 590.37
mg/L TPC; higher than the value reported by
Spanos and Wrolstad (1990). They used Thompson
Seedless grape variety to produce grape juice.
After pectinase treatment (50 ppm of dosage),
they obtained 317 mg/L of TPC (25). Fuleki and
Ricardo da Silva (2003) also reported lower TPC
value (145.81 mg/L) in Concord grape juice that
was extracted by pressing after hot maceration
(50 mg/L pectinase at 60 °C for 60 min) (26). dos
Santos Lima et al. (2015) investigated the effect
of enzyme dosage on TPC while studying Vitis
labrusca L. They extracted the juice by hot pressing
with different enzyme dosages at 60 °C for 60
min. They found the TPC values  as 1296 (without
enzyme), 1384 (with 1.5 mL/kg of enzyme dosage)
and 1203 (with 3.0 mL/kg of enzyme dosage)
mg/L in grape juices (27). 

In fruit juice industry, hot pressing (after mash
heating and hot maceration) is used to extract
anthocyanins from fruit skin to the juice that will
provide desirable red color as well as higher
extraction yield (13). In this study, TAC of extracted
raw grape juice was obtained as 48.46 mg/L. Fu-
leki and Ricardo da Silva (2003) reported a lower
TAC value (20.01 mg/L) for the grape juice,
which was extracted from Concord grapes (26).
However, dos Santos Lima et al. (2015) observed
higher  TAC  values  in  juice  samples  of  Vitis
labrusca L. within a range of 103 and 129 mg/L
(different enzyme dosages) (27). Considering it
and other reported studies, although there are
similar procedures on raw grape juice extraction,
differences  in  TPC  and  TAC  values  can  be
attributed to the factors such as variety, maturity,
cultivation-extraction-maceration conditions of
grapes or processing equipment used.

Extracted raw grape juice showed 14.65 NTU of
turbidity (Table 1) due to the suspended solids
and colloids; mainly cell wall material. These
particles usually pass through the fruit juices at
higher extraction temperatures. As these compounds
are quite unstable and prone to form aggregates
with other haze forming compounds, turbidity of
fruit juices increase during storage due to which,
undesirable flocculates can be observed. 

Effect of Clarification 

Clarification occurs in two steps: enzymatic treatment
(depectinization) and fining (to remove haze
causing compounds). Pectolytic enzyme degrades
the  pectin  that  would  result  pectin-protein
complexes  to  flocculate.  Afterwards,  fining
agents  are  added  to  further  flocculation  and
sedimentation depend upon the ionic charges on
protein, polyphenols and fining agents. Bentonite
and gelatin are mainly used in fining process to
remove proteins and polyphenols, respectively,
while kieselsol is used to increase the gelatin
efficiency when hot clarification is performed.
After these processes, 480.00 mg/L of TPC was
analysed  in  the  raw  grape  juice;  decreased
almost 18.7 % after clarification (Table 1).

The amount of total anthocyanins (48.20 mg/L)
in grape juice also reflected 0.5 % decrease after
clarification. Post pressing and clarification TAC
values of the samples were statistically insignificant
(P>0.05).  Gelatin  binds  with  anthocyanins
through supramolecular interactions that can cause a
notable decrease in total anthocyanin content.
A possible explanation for this result is that the
enhancement effect of depectinization due to the
release of anthocyanins from the cell. Probably,
grape juice had higher TAC after depectinization.
When the fining agents were applied to the juice,
gelatin  agglomerated  with  anthocyanins  and
other phenolics. This caused a decrease in the
amount of total monomeric anthocyanins. Since
post-depectinization was not planned as a sampling
point in this research, reason of this inconsiderable
decrement in TAC at the end of clarification stage
cannot be explained clearly.

Turbidity-causing compounds aggregated and
settled down by influence of fining agents that
decreased the turbidity value from 14.65 to 6.54
NTU i.e. 55.4 % after whole clarification process
(Table 1).

Effect of Detartarization

Grapes,  grape  juice  and  wine  contains  high
concentration  of  tartaric  acid  and  potassium.
Detartarization (cold-stabilization) process is
generally  used  to  prevent  precipitation  of
potassium bitartrate in bottled juice. As seen in
Table 1, detartarization did not influence TPC
(479.15 mg/L) but slightly decreased the TAC of
the juice (47.63 mg/L). 
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By removing the bitartrate instability, alteration was
highly remarkable among the juice samples taken
after clarification (6.54 NTU) and detartarization
(3.15 NTU). Detartarization was quite effective in
respect to decrement in turbidity level (51.9 %).

Effect of Ultrafiltration

UF significantly affected TPC of permeate when
compared with detartrated feed sample (Table
1). Amount of TPC in clear red grape juice was
found as 408.02 mg/L when UF was performed
through  a  membrane  of  50  kDa  molecular
weight cut-off (MWCO). Removal of phenolics
and proteins during grape juice production is
essential,  otherwise  they  cause  hazing  in the
juice bottles (20). The amount of total phenolic
compounds varied from 590.37 to 408.02 mg/L
during  pressing  to  ultrafiltration.  The  UF
membrane showed 14.8 % rejection towards total
phenolics. While the reduction in TPC was 18.7
% after clarification, totally 30.9 % was achieved
by using ultrafiltration (Table 1). Cassano et al.
(2008) also reported 13.5 % of decrease in TPC of
kiwi fruit juice with a 30 kDa cellulose acetate
UF membrane (28).

TAC in red grape juice was influenced significantly
by the UF. In detartrated juice, TAC was 47.63
mg/L that decreased to 43.36 mg/L after UF. Total
anthocyanins reduction in filtered juice was 10.5
% as compared to the raw juice. The rejection of
examined UF membrane towards total anthocyanins
was determined as 9.0 % (Table 1). Cassano et al.
(2007) found that the rejection of 15 kDa tubular
PVDF membrane towards total anthocyanins was
of 9.4 % in clear blood orange juice (29). Acosta
and co-workers (2014) also observed the retention
of total anthocyanins as 60 % in blackberry juice
with 150 kDa MWCO at 0.5 MPa transmembrane
pressure  while  99  %  with  5  kDa MWCO at 3
MPa (30).

UF influenced the turbidity of the grape juice
significantly (before 3.15 NTU, after 0.15 NTU).
The variation during processing indicated that,
ultrafiltration was the most effective one among
the  processes  to  decrease  the  turbidity  level
(95.4 %). UF treatment caused almost completely
reduction in turbidity and total reduction at the
end  of  processing  reached  to  99.0  %  when
compared to pressed juice (Table 1). It can clearly
be seen that UF process provided high-quality
juice in terms of clarity.

CONCLUSION

TPC, TAC and turbidity values (590.37 mg/L,
48.46 mg/L and 14.65 NTU, respectively) of clear
red grape juice are highly affected by the processes
applied in this study. It means the values reduced
to  30.9  %,  10.5  %  and  99.0  %,  respectively.
Among the methods applied in juice production,
ultrafiltration  (UF)  had  the  most  significant
influence on TAC and turbidity level. However,
the most significant decrement in TPC values
was monitored after clarification process. After
UF,  turbidity  value  became  negligible  (0.15
NTU). Therefore, UF can be an alternative method
to eliminate the potential sources (e.g. phenolic
contents) of post-bottling haze formation in clear
red grape juice. Clarification prior to UF process
can prevent membrane from extreme fouling. 
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Table 1. Determination of total phenolic content (TPC), total anthocyanin content (TAC) and turbidity values of grape juice during processing

Processing TPC* (mg GAE/L) TAC* (mg/L) Turbidity* (NTU)

1st step: Hot-pressing a590.37±1.31 a48.46±0.87 a14.65±4.15
2nd step: Clarification b480.00±10.35 (18.7%) a48.20±1.06 (0.5%) b6.54±0.06 (55.4%)
3rd step: Detartarization b479.15±7.08 (0.2%) a47.63±1.01 (1.2%) c3.15±0.00 (51.9%)
4th step: Ultrafiltration c408.02±21.06 (14.8%) b43.36±0.35 (9.0%) d0.15±0.01 (95.4%)

*: Different letters in the same column are significantly different from each other (P<0.05), % values in parentheses indicate decrement
ratio relative to the previous processing step.
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