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Abstract: The effects of UV-C irradiation on the inactivation of Escherichia coli K-12 (ATCC 25253), a surrogate of
E. coli O157:H7, and on the shelf life of freshly squeezed turbid white grape juice (FSWGJ) were investigated. FSWG]
samples were processed at 0.90 mL/s for 32 min by circulating 8 times in an annular flow UV system. The UV exposure
time was 244 s per cycle. The population of E. coli K-12 was reduced by 5.34 log cycles after exposure to a total UV
dosage of 9.92 J/cm? (1.24 J/cm? per cycle) at 0.90 mL/s flow rate. The microbial shelf life of UV-C treated FSWGJ
was extended up to 14 d at 4 °C. UV exposure was not found to alter pH, total soluble solid, and titratable acidity of
juice. There was a significant effect (P < 0.05) on turbidity, absorbance coefficient, color, and ascorbic acid content.
Furthermore, all physicochemical properties were altered during refrigerated storage. The microbial shelf life of FSWGJ
was doubled after UV-C treatment, whereas the quality of juice was adversely affected similarly observed in the control
samples.
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Practical Applications:
no changes in flavor, essential nutrients, and vitamins. Fresh grape juice is a popular drink, usually consumed at summer
time due to many beneficial health effects. Although thermal pasteurization is widely used for extending the shelf life
of fruit juices, it causes a “cook taste” in grape juice. The applicability of UV-C irradiation as an alternative to thermal

UV-C irradiation is a non-thermal method used for processing of fruit juices with a minimal or

pasteurization was investigated. It is concluded that UV-C treatment can be used for extending the shelf life of fresh

grape juice.

Introduction

The demand for high quality fruit juice and fruit juice type
beverages has markedly expanded in recent years because of con-
sumer attention to quality, value, safety, and health. Grape and
grape juice contains antioxidants. The inhibition of low-density
lipoprotein oxidation, and thus lowering the cholesterol in human
blood may be due to the antioxidant effect of grape juice (Frankel
and others 1998). Freshly squeezed fruit juices have shelf life of
maximum 5 to 6 d. They are usually packed and delivered to
retailers within 24 h. The shelf life of juices depends on a vari-
ety of factors such as the type of product, the ingredients (water,
sugar content), acidity, storage period, and storage temperature.
Freshly squeezed juice has a shorter shelf life than pasteurized
juice and must be kept chilled. The US FDA (2000) criteria for
fruit and vegetable juice processing is a 5-log reduction in the
number of the target pathogen of concern. Thermal treatment is
an effective method for extending the shelf life of juice products.
However, it also results in the deterioration of many quality and
nutritional attributes. The change of color and loss of essential
aroma and vitamins were reported during thermal pasteurization
of fruit juices (Choi and Nielsen 2005; Lee and Coates 2003;
Mazzotta 2001).

There has been a recent increase in the demand for minimally
processed, high-quality fruit juices. However, it is difficult to
ensure product safety without using conventional thermal preser-
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vation methods (Heinz and others 2003; Mertens and Knorr
1992). Non-thermal preservation methods, such as pulsed electric
field (PEF), high hydrostatic pressure (HHP), ultrasound (US), and
short wave ultraviolet irradiation (UV-C), have been shown to be
potentially applicable for producing high-quality juice (Daoudi
and others 2002; Heinz and others 2003; Pala and Toklucu 2013b;
Patil and others 2009; Tikekar and others 2011; Tiwari and others
2009). Of these, UV-C processing holds potential to be a low-cost
technology (Koutchma 2009).

UV-C irradiation as a fruit juice preservation method has been
extensively studied (Keyser and others 2008; Pala and Toklucu
2013a and b; Tran and Farid 2004). The germicidal effect of
UV-C light (200 to 280 nm range) on pathogens and spoilage
microorganisms, including yeasts, molds, and lactic acid bacteria
(LAB) in fruit juices, were cited in many studies (Caminiti and
others 2012; Franz and others 2009; Fredericks and others 2011;
Gabriel and Nakano 2009; Guerrero-Beltran and others 2009;
Pala and Toklucu 2013a, 2013b).

The objective of this research was to study the effects of UV-
C irradiation on the inactivation of Escherichia coli K-12 (ATCC
25253), a surrogate of E. coli O157:H7, by means of a newly
designed annular flow UV system, and the shelf life of UV-C
irradiated freshly squeezed turbid white grape juice (FSWGJ).
The microbial stability of UV-C treated and untreated (control)
FSWGJ was examined during the storage period at 4 °C. Addi-
tionally, the changes in physicochemical properties of grape juice,
such as absorbance coefficient, turbidity, color, total soluble solids
(°Brix), pH, and vitamin C content and titratable acidity, were
determined after UV-C irradiation and during storage.

Vol. 80, Nr.8,2015 « Journal of Food Science M1831

M: Food Microbiology

& Safety



ETI]
ABojoiqously poo : |y

UV-C treatment of white grape juice. ..

Materials and Methods

Grape juice preparation

For the production of freshly squeezed juice, white grapes of
the Sultana variety (17 vinifera) were purchased from a local su-
permarket (Tesco-Kipa) in Izmir, Turkey. A household table top
fruit juice extractor (Frutti Pro XL, Moulinex, France) was used
to extract the grape juice. The juice was strained twice to elim-
inate most of the solid particles coming from grape’s skin. L-
ascorbic acid (400 mg/L; Merck, Darmstadt, Germany) was added
as an antioxidant to maintain the original color of the juice dur-
ing the preparation stage. Grapes are high in tartaric acid, and
potassium bitartrate crystals are precipitated in grape juice dur-
ing cold storage. To prevent this bitartrate instability from occur-
ring in bottled juice, a cold stabilization is usually performed on

single-strength juice (Alongi and others 2010). Potassium bitartrate
particles formed in white grape juice were precipitated by shaking
at 100 RPM and 4 °C for 2 to 3 h in the shaker (Thermo Elec-
tron Corp., Ohio, U.S.A.). Following the straining and removal of
the bitartrates, juice samples were stored in 500 mL sterile bottles
and frozen at —18 °C for up to 3 mo. Since experimental studies
take some time to be completed, freezing was necessary to have
homogenous samples. It was also useful for the fast removal of
potassium bitartrate crystals from the juice.

UV processing equipment and UV-C treatment

The schematic diagram of an annular UV system is shown in
Figure 1. The UV system was constructed in the Food Engineering
Dept. at Izmir Inst. of Technology, Izmir, Turkey. UV system was
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Figure 1-(A) Schematic view of continuous flow annular UV system with flow direction. (B) Lamp configuration (top-view).
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Table 1-Physicochemical and optical properties of FSWGJ before

and after UV treatment and at the end of storage.

Day 0 Day 14

pH Untreated Treated Untreated Treated
3.955 + 0.01 3.94 £ 0.00 3.64 £ 0.02¢ 3.78 + 0.01°
Turbidity (NTU) 98.22 + 3.00 118.75 £ 2.47¢ 228.75 £ 3.89¢ 348.75 £ 13.79P
Abs coeff. (cm™!) 12,13 £ 1.78 7.69 £ 0.16* 9.58 + 0.08¢ 12.95 + 3.58°
L* 27.74 £ 0.08 26.48 + 0.15* 24,51 £ 0.06¢ 25,54 + 0.15°
a* 0.05 + 0.02 0.40 £ 0.01* 2.34 + 0.05¢ 1.85 4+ 0.06°
b* 2.98 £+ 0.03 4.60 £ 0.05* 6.84 + 0.07¢ 6.58 + 0.02°
BI 11.10 £ 0.12 19.55 £ 0.0* 38.75 £ 0.13° 34.19 4+ 0.05°
°Brix 18.57 £ 0.13 18.23 £ 0.02 16.79 £ 0.03¢ 17.08 £ 0.06°

Ascorbic acid (g/L of juice) 0.56 £ 0.03 0.01 £ 0.00* 0.000¢ 0.000P
Titratable acid (%) 0.209 £ 0.007 0.216 £ 0.004 0.906 £ 0.053¢ 0.536 + 0.028P

Results were presented as means & standard error” (n = 2). Column values with different letters (a, b, ¢) difter (P < 0.05).

“Significant change between untreated and UV treated samples (P < 0.05).

bSignificant change between UV treated samples at day 0 and day 14 (P < 0.05).
“Significant change between untreated samples at day 0 and day 14 (P < 0.05).

composed of an annular tube made from quartz glass and equipped
with a cylindrical reflector (Afe Olgunlar Inc., Izmir, Turkey) and
seven 254 nm low pressure mercury UV lamps (15 W total power,
model XX-15S; UVP Inc., Cambridge, England). One UV lamp
was installed at the center of the system, whereas the remaining
lamps were placed around the outer cylinder of the quartz tube
at an equivalent distance (Figure 1). The inner and outer diame-

ters of UV tube were 3 and 4 cm, respectively. The flow gap was
5 mm and the height of UV tube was 40 cm. Heat accumula-
tion caused by UV lamps was removed from the reactor by an
air pump compressor (KNF Inc., Freiburg, Germany). The glass
sample tank with a cooling unit (Guven Cam, Ankara, Turkey)
was integrated into the UV reactor to control the temperature of
irradiated liquid, keeping the temperature of FSWGJ samples at 24

Time (min) Figure 2—Logarithmic reduction of E. coli K-12 (ATCC
25253) in FSWGJ subjected to continuous flow UV-C
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to 25 °C during processing. Juice samples in 500 mL volumes were
pumped through the 5 mm annular space of the UV reactor, using
a peristaltic pump (Watson Marlow Inc., Cornwall, England). The
residence time that the grape juice in the UV reactor was recorded
manually as 244 s. The flow rate was 0.90 mL/s. FSWGJ samples
were processed at the lowest flow rate as possible and circulated
eight times in the annular flow UV system in order to achieve 5
log reductions in the number of target microorganisms, as required

for juice pasteurization by FDA. The fluid flow was laminar and
Re number was estimated as 291 (Bird and others 2002). The total
UV exposure time of FSWG]J samples was 32.5 min.

Samples for microbial analysis were taken by using glass sam-
ple taps after each cycle. The survival curve of E. coli K-12 was
drawn by plotting log (N/Nj) reductions versus time (min). The
juice samples used in the shelf life study were treated with UV-C
irradiation under the same conditions.

—s—untreated —e—treated Figure 4-Changes in (A) pH (B) Total soluble content (°Brix) and
(C) titratable acidity (%) of UV-C treated and untreated FSWGJ
4 during storage at 4 °C for 14 d (error bars are standard deviation
of the mean of three experiments. Where error bars are not
3.9 | displayed, they are smaller than the graph symbol).
3.8 4
=
o
3.7+
3.6
3.5 T ) T T 1
0 3 2 7 10 14
Time (day)
A
——untreated —e—treated
19 -
Z X
@
w 18 -
o)
°
wv
L))
)
3
8 17
™
°
=4
16 T T T T ]
0 3 5 7 10 14
Time (day)
B
—e—treated ——untreated
B Bt
1 4
g
208 -
B
=3
< 0.6 -
o
B
® 0.4 -
E
0.2
O T T T T 1
0 3 5 Z 10 14
Time (day)
C

M1834 Journal of Food Science ¢ Vol. 80, Nr. 8,2015



UV-C treatment of white grape juice. ..

UV intensity measurement by using iodide/iodate
actinometrical method

The ultraviolet light intensity emitted by the lamps was deter-
mined by using the technique proposed by Rhan (1997). A 0.6 M
potassium iodide (Merck)/0.1 M of potassium iodate (Merck) so-
lution in 0.01 M borate buffer (pH 9.25) (Merck) was used as a
chemical actinometer. Irradiation of this solution resulted in the
linear formation of triiodide, which was quantified by measuring
its absorbance at 352 nm for each dose of irradiation (Cielo and
others 2010). The number of einsteins of photons absorbed by
the irradiated sample were estimated from the moles of generated
triiodide (Rahn 1997). For this purpose, 500 mL of iodide/iodate
solution was UV irradiated in the continuous flow UV reactor by
recycling 8 times. During UV irradiation, samples were collected
from each cycle at the exit of the UV system and its absorbance
was immediately recorded using a UV-visible spectrophotometer
(Carry 100; Varian Inc., Calif., U.S.A.) set at a wavelength 352 nm.
The UV intensity was estimated from Eq. (1) as described in Rahn

(1997) and Rahn and others (2003, 2006).

. . ) incidentjoules
UV Incident Intensity (I, W/cm") = —————
area * UV time (s)

UV fluence
=— 1

area

where area and UV time were the surface area of the annular
gap (502.65 cm?) and the UV exposure time per cycle (244 s).
UV intensity (I,) was estimated as 13 & 0.2 mW/cm? from
the Eq. (1).

In order to determine the average UV intensity (I,,) absorbed
by grape juice samples while passing from the UV system, Beer-
Lambert law was integrated over the sample depth (Morowitz
1950):

Iavg = IO(l - eiAcy)/At‘y (2)

A Figure 5-Changes in (A) turbidity and (B) absorbance
——Treated —e—Untreated coefficient of UV-C treated and untreated FSWGJ during
storage at 4 °C for 14 d (error bars are standard deviation
400 - of the mean of three experiments. Where error bars are not
displayed, they are smaller than the graph symbol).
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where I, is the incident intensity (mW/cm?) estimated from
the actinometrical method, A. is the absorbance coefficient
(12.13 cm™') and y is the path length (0.5 cm). The average
UV intensity was estimated as 5.1 & 2.8 mW/cm?. UV dose was
calculated using I, by Eq. (3):
d=tx* Iz\vc (3)
where d represents UV dose (m]/cm?), ¢ is the exposure time (s),

and I, refers to average intensity (mW/cm?). All experiments
were done in triplicate. Based on the procedure, it was found that

1.24 J/cm? of UV dose per cycle was absorbed by the grape juice
samples in the UV system.

Microbiological analyses for the inactivation and shelf life
studies

Inactivation study. In the inactivation study, the aim was
to evaluate the effectiveness of UV-C irradiation on the target
pathogenic microorganism under predetermined processing con-
ditions. For this purpose, E. coli K-12 (ATCC 25253), a sur-
rogate of E. coli O157:H7, was used as a target microorganism
for the inoculation of FSWG]. E. coli K-12 (ATCC 25253) was

A Figure 6-Changes in (A) brightness-L*,
Treated >—Untreated (B) redness-greenness-a*, and
28 - (C) yellowness-blueness-b* of UV-C treated and
B untreated FSWGJ during storage at 4 °C for 14 d
(error bars are standard deviation of the mean of
— three experiments. Where error bars are not
*: displayed, they are smaller than the graph symbol).
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cultured from —80 °C lyophilized vials. A broth subculture was
enriched after inoculation of a loopful from the stock culture into
a test tube containing nutrient broth (NB; Merck) and incubated
overnight (18 to 24 h) at 37 °C (Unluturk and others 2010). E.
coli K-12 (ATCC 25253) culture was first adapted to pH 4 using
tartaric acid, following the steps described in Pala and Toklucu
(2013D). After acid adaptation, a single colony was transferred to
100 mL of tryptic soy broth (TSB; Merck) supplemented with
0.75% (w/v) glucose (Merck) and then incubated at 37 °C for
overnight. 100 mL of enriched TSB broth was centrifuged at
3000 x ¢ for 5 min and harvested cells were directly added to
500 mL of grape juice, achieving a final concentration of about
8.689 % 0.078 log CFU/mL (Unluturk and Atilgan 2014). Enu-
meration of E. coli K-12 (ATCC 25253) was performed on tryptic
soy agar (TSA; Difco Corp., Franklin Lakes, NJ, U.S.A.) using
appropriate dilutions with phosphate buftered peptone solution at
37 °C for 18 h. FSWG]J was pasteurized at 72 °C for 20 s us-
ing a water bath prior to inoculation. For this purpose, 250 mL
conical flasks containing juice (100 mL) were placed in a wa-
ter bath (Precisdig Model; JP Selecta S.A., Barcelona, Spain) and
held for 20 s at 72 °C. The temperature was checked by K type
thermocouples (CEM DT-8891E, Shenzhen, China), placed into
the center of samples. The grape juice samples were continuously
stirred to maintain homogeneous temperature distribution during
heating. Following the heat treatment, samples were immediately
placed into ice-bath for cooling prior to analysis. After pasteur-
ization, 0.1-mL samples were immediately surface plated on TSA
and Potato Dextrose Agar (PDA; Merck) to check the background
flora of pasteurized juice samples. Thermal processing was able to
eliminate all the background flora of FSWG]J.

In order to determine the possible inactivation due to acidic
environment of the grape juice, the acid adapted culture prepared
in TSB, with pH adjusted to 4.0 and 3.6, was tested by inoculating
into grape juice (Pala and Toklucu, 2013b). Acid adapted TSB
broth samples were centrifuged at 3000 x ¢ for 5 min at 4 °C. Cells
were inoculated to 100 mL of FSWGJ with initial concentration
of 107 CFU/mL. Inoculated grape juice was incubated at 37 °C
for 24 h and enumerated after 2, 4, 6, 7, 10, and 24 h on TSA
(Unluturk and Atilgan, 2014).

Shelf life study. Frozen samples were first thawed and then
filtered. Some samples were subjected to UV-C irradiation, while
others were left untreated (controls). UV-C treated and untreated
grape juices were aseptically filled into sterile bottles and stored
at 4 °C for 14 d. Samples were periodically taken during storage
period for microbial analysis. Microorganisms in the samples were
enumerated. A small sample was placed on a slide, gram stained and
examined at 400x and 1000 x magnification under a microscope
(Olympus CX31; Olympus Corp., Tokyo, Japan) equipped with
digital camera system (Olympus DP25). The microscopic exam-
ination of the background flora revealed that the microorganisms
mainly consisted of yeasts and LAB.

Spoilage yeasts were enumerated on PDA by incubating at 25 °C
for 5 d. LAB was counted on De Man Rogosa and Sharp Agar
(MRS; Merck) using pour-plate method after incubation at 30 °C
for 2 d. The total aerobic count was carried out by spread plating
on TSA at 37 °C for 24 h (Unluturk and Atilgan, 2014).

Physicochemical properties of FSWG)J

Total soluble solids (°Brix), pH, titratable acidity (%), color,
turbidity (NTU), absorbance coefficient (cm™'), and ascor-
bic acid content (g/L) of treated and untreated FSWGJ] were
measured before and after UV processing, and also during the re-

frigerated storage period. The pH and total soluble solids (°Brix)
were measured using a bench top pH meter (HANNA In-
struments, Ann Arbor, MI, U.S.A.) and refractometer (Mettler-
Toledo RE40D; Mettler Toledo, LLC, Columbus, OH, U.S.A.),
respectively.

The absorbance of FSWGJ samples were measured using a UV-
visible spectrophotometer (Carry 100; Varian Inc.) set at a wave-
length of 254 nm. A variety of dilution factors were applied (1:50,
1:100, 1:250, 1:500, and 1:1000). The absorbance coefficient (A.)
was estimated from the slope of absorbance versus sample concen-
tration plot (Unluturk and others 2010). The turbidity of the grape
juice samples was determined by means of a turbidimeter (HACH
2100AN IS; HACH Company, Loveland, CO, U.S.A.). Results
were given as Nephelometric Turbidity Unit (NTU). CIE color
parameters, for example, L* (brightness-darkness), a* (redness-
greenness), b* (yellowness-blueness), were measured by a chro-
mometer (Konica Minolta CR 400 Chromometer; Konica Inc.,
Tokyo, Japan). Total color difference (AE) and browning index
(BI) (Palou and others 1998) of the samples were calculated from
the Eq. (4) and (5):

AE:\/(AL*)Z—}-(ACI*)Z—{—(A!)*)Z @)
(a*4+1.75L%)
BB T 30120 0.31
BI = 100 s B:045L +a7=3.012%) )
0.172

Titratable acidity of treated and untreated FSWG]J was deter-
mined by titrating 10 mL juice sample with 0.1 N NaOH and
phenolphthalein as an indicator. Results were expressed as %
tartaric acid (AOAC, 1990). The ascorbic acid was determined
by L-ascorbic acid test kit (Boehringer Mannheim-R-Biopharm,
Roche, Germany), according to the manufacturer’s protocol.

Statistical analysis

All the microbiological and the physicochemical analysis were
carried out in triplicate. Inactivation data and physicochemical
properties were presented as mean values % standard deviation.
ANOVA and two sample #-test were carried out using the Minitab
16 (Minitab Inc., State College, Pa., U.S.A.), and differences were
considered to be significant for P < 0.05.

Results and Discussion

Inactivation study

After application of 8 cycles (32.5 min of exposure time) and
1.24 J/em? UV dose/cycle (total UV dose of 9.92 J/cm?) in the
continuous flow UV reactor, 5.34 = 0.01 log CFU/mL reduc-
tion was achieved for E. coli K-12 (ATCC 25253) suspended in
FSWG]J, as shown in Figure 2. Since the penetration depth of
UV light is very low in FSWGJ due to suspended particles, a
very high dose of UV was applied in order to meet the FDA re-
quirement. Because of the suspended particles, the turbidity and
absorbance coefficients of FSWGJ (98.22 NTU and 12.13 cm ™)
were higher than those for clarified white grape juice (5.49 NTU
and 5.82 cm™") (Baysal and others 2013). Considering these op-
tical properties, compared with the clear juice, the turbid juice
needs to be subjected to a higher UV dose in order to achieve
similar log reductions. In fact, Murakami and others (2006) ob-
served a decrease in UV inactivation efficiency of E. coli K-12 with
an increase in suspended particles in turbid apple juice. Koutchma
and others (2004) treated clear apple juice to inactivate E. coli K-12
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by continuous flow UV reactor applying 14.5 mJ/cm? of UV dose
and achieved 3 to 4 log CFU/mL of inactivation. In contrast, they
obtained <1 log CFU/mL of reduction for E. coli K-12 in high
turbid apple juice at a dosage of 21.5 mJ/cm?. The inactivation
efficiency of E. coli K-12 was directly affected by different physical
and chemical properties of turbid and clear apple juices.

Additionally, Koutchma and others (2006) applied UV light
to apple cider to inactivate E. coli K-12 using laminar flow and
turbulent flow UV systems. The authors stated that UV dose
ranges between 90 and 150 mJ/cm? were necessary for a decimal
reduction in turbulent UV reactor system at flow rate of 1250
mL/s. Nonetheless, UV dose in the range of 18.8 to 25.1 mJ/cm?
was required in the thin film laminar UV reactor for one decimal
reduction at a flow rate of 56.8 mL/s. The authors determined
that turbulent flow was not appropriate for high turbid fruit juices
such as apple cider, and recommended effective mixing in the UV
systems in the treatment of these types of fruit juices.

In the current work, the penetration depth and absorbance co-
efficient were also found to be very important for the inactivation
efficiency of the UV system. Caminiti and others (2012) applied
53.1 J/cm?® of UV dose for reconstituted apple juice using UV
rising film tubular reactor. They observed >5 log reduction in the
number of E. coli K-12. Their system had an annular space gap
of 1.6 mm, considered by smaller than the one used in this study

(5 mm), and therefore provided better inactivation efficiency. On
the other hand, the reconstituted apple juice had a relatively low
absorbance coefficient at 254 nm (5.81 cm™') compared with
turbid FSWGJ (12.13 cm™!) revealing that UV light penetration
was low in turbid FSWGJ. In another study, Geveke and Torres
(2012) examined UV inactivation of E. coli K-12 in grapefruit
juice using centrifugal continuous flow UV reactor. They applied
19 mJ/cm? (2.6 J/mL) of UV dose and achieved 5.1 log CFU/mL
of reduction in the number of E. coli K-12. It was possible to
achieve a high inactivation rate with a low UV dose level due to
the good penetration of UV light in the thin film generated by
centrifugation.

Shelf life study

Microbiological quality of FSWG]J. Logarithmic changes
in yeast, LAB and total aerobic counts of untreated and UV-
C treated FSWGJ samples during storage at 4 °C are shown in
Figure 3. The deterioration of UV-C treated and untreated sam-
ples was due to yeast and LAB growth during storage. It was found
that the microbial and sensorial quality of the fruit juice were ac-
ceptable by consumers when the total microbial count was less
than 5000 CFU/mL (Tran and Farid 2004). Hence, microbiolog-
ical and physicochemical tests were stopped after 14 d because the
total microbial count was over 5000 CFU/mL after this time.

e —e—untreated —e—treated Figure 7-Changes in (A) color and (B) ascc_)rbic acid content
of UV-C treated and untreated FSWGJ during storage at 4 °C
for 14 d (error bars are standard deviation of the mean of

- 51 three experiments. Where error bars are not displayed, they
_:._"_ are smaller than the graph symbol).
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Initially, untreated FSWG]J had 1.35 £ 0.07 log CFU/mL of
yeastand 1.08 = 0.21 log CFU/mL of LAB. UV-C treated samples
had no background flora. In the UVC treated juice, no yeast, LAB
or total aerobic bacteria growth was seen in the 1st 5 d. The yeast,
LAB and total aerobic count of treated juice samples started to
increase after the 5th d of storage. Meanwhile, the same trend
was observed in the untreated samples after the 3rd d of storage.
The microbial growth in untreated FSWGJ samples was detected
to be higher than that of UV-C treated samples. Nonetheless,
UV-C treated samples reached the spoilage limit in relation to
yeast count after 14 d storage. UV treatment was therefore able to
increase microbial shelf life of FSWGJ by two fold. Similarly, Feng
and others (2013) extended the shelflife of watermelon juice up to
31 d, by means of a UV treatment using helix Teflon®-coil UV-C
reactor. Torkamani and Niakousari (2011) investigated microbial
shelf life of UV-C treated orange juice and reported that the shelf
life of orange juice was extended for 7 d as a result of exposure to
UV light.

Physicochemical properties of FSWG]J. Physicochemical
and optical properties of FSWG]J before and after UV treatment
and at the end of the storage period were shown in Table 1.
There were no significant differences in pH, total soluble content
and total titratable acidity values after UV-C treatment compared
to untreated samples (P > 0.05). Other studies in the literature
showed no significant changes in pH, soluble solids and titratable
acidity values of juices after UV-C treatment (Caminiti and others
2012; Pala and Toklucu 2011, 2013a; Tran and Farid 2004).

On the other hand, pH slightly decreased both in the treated
and untreated grape juice samples during 14 d of storage
(Figure 4A). The change of pH in untreated juice samples
was more pronounced in comparison with irradiated samples
(Table 1). Similarly, Feng and others (2013) observed a marked
decrease in pH for untreated watermelon juice during storage pe-
riod. In contrast, Donahue and others (2004) found no significant
changes on pH of UV-C treated apple cider during storage. The
change in pH was due to the increase of acidity caused by the
metabolic activity of microorganisms during the storage period.
Nualkaekul and Charalampopoulos (2011) observed a decrease in
pH values of orange, grapefruit, blackcurrant, pomegranate, cran-
berry, and lemon juice, whereas the lactic acid and acetic acid
amounts increased with storage time, suggesting microorganisms
metabolizing available energy sources.

A significant decrease was observed in the total soluble solid
content (°Brix) of treated and untreated juice samples with in-
creased storage time, compatible with results for growth patterns
of microorganisms in juice during storage (Figure 4B). Chia and
others (2012) reported a decrease in the total soluble solids for
untreated and UV-C treated pineapple juice samples throughout
storage. It was speculated that the change in total soluble solids is
the result of the microbial activity that cause sugar fermentation
(Chia and others 2012; Rivas and others 2006; Rosen and Gothard
2010). Titratable acidity level was increased during storage period,
supporting the results obtained for pH (Figure 4C).

Changes in turbidity and absorbance coefficient of UV-C
treated and untreated FSWG]J after the treatment and during stor-
age at 4 °C for 14 d were shown in Figure 5 and Table 1. The
turbidity in untreated samples was significantly (P < 0.05) less than
turbidity of FSWGJ subjected to UV-C treatment. One possible
reason for this may be the reduction in microbial counts in grape
juice resulting from exposure to UV light. There was a marked
increase in turbidity values of FSWGJ samples after the 7th d of
storage at 4 °C (Figure 5A). In contrast, in the untreated samples,

there was a gradual increase in turbidity, with samples becoming
cloudier upon the increase in microbial count from the beginning
of the storage period.

Similarly, Tandon and others (2003) observed a significant
change in turbidity of UV-C-irradiated (14 mJ/cm? at 254 nm)
apple cider during storage. Chia and others (2012) also stated that
the increasing of yeast and bacteria contributed to the turbidity of
UV-irradiated and thermally pasteurized pineapple juices during
storage period. Overall, it was claimed that an increase in turbid-
ity during storage time was due to an increase in the amount of
spoilage yeast and bacteria producing visible sediment and cloud in
juice products (Chia and others 2012; Digiacomo and Gallagher
1959; Tandon and others 2003).

The absorbance coefficient of untreated grape juice decreased
throughout the storage period, while the absorbance coefficient
of UV-C treated samples increased from 7.69 & 0.16 cm™' to
12.95 4 3.58 cm ™' (Table 1 and Figure 5B). This was probably
due to the degradation of color compounds by UV-C treatment,
causing an increase in the turbid structure. The high absorption
coefficient is due to presence of the polymeric fruit derivatives,
for example, melanin and melanoidin, which are responsible for
the brown color of fruit juice. The literature has reported the
absorptivity property of melanoidin pigments during UV-C inac-
tivation of various enzymes (Seiji and Iwashita 1965). The results
of the experiments revealed that the degradation of melanoidins
occurred by long exposure of the fruit juice samples to UV-C
light (Ibarz and others 2005).

In the present study, significant change was observed in the
BI value of treated samples (P < 0.05) by the UV-C treatment
(Table 1). This was because significant effects of UV-C irradiation
was observed in the brightness (L*), redness (a*), and yellow-
ness (b*) of the FSWGJ samples (P < 0.05) (Table 1). In fact,
Guerrero-Beltran and Barbosa-Cénovas (2005) observed a signif-
icant decrease in the a* and b* values of apple juice samples after
UV-C irradiation. On the other hand, Ibarz and others (2005)
showed an increase in brightness (L*), but a significant decrease in
redness-greenness (a*) and yellowness-blueness (b*) when apple,
peach and lemon juices were exposed to UV light in the wave-
length range of 250 to 650 nm. They claimed that the changes of
color attributes of apple juice were due to melanins and melanoidin
destruction caused by exposure to UV-C light. The results of this
study indicate that there was a photo-degradation of juice pig-
ments due to long contact time (32.5 min) with UV light.

Storage time had a significant (P < 0.05) effect on the L*, a*,
and b* values of both treated and untreated grape juice samples
(Figure 6 and Table 1). As a result, the BI value of untreated
and treated samples was increased during storage period. The AE
value of UV treated samples increased with storage time and be-
came “noticeable” (1.5 < AE < 3.0) at the end of storage pe-
riod (14 d), whereas dramatic changes in AE of untreated juice
samples observed throughout the whole storage period (Figure
7 and Table 1). L* values of the UV-C treated and untreated
samples decreased during the storage period (Figure 6A). The
same trend was observed in the other studies (Aguilo-Aguayo and
others 2009; Chia and others 2012; Genovese and others 1997;
Ibarz and others 2005). These studies also showed that the bright-
ness (L value) of juices decreased during storage at 4 °C. The value
of a*, which reflects redness, was significantly increased through
the end of 14 d of storage in both samples (P < 0.05) (Figure 6B).
The yellowness, or b* value, of UV-C treated and untreated sam-
ples initially increased during the 5 d storage period, but remained
largely unchanged after this time (Figure 6C). The yellowness (b*)
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and redness (a¥) of treated juices was significantly (P < 0.05) lower
than for untreated juices at the end of storage period (Table 1).
Changes in color parameters in FSWGJ upon exposure to UVC
light and during storage period were attributed to the degradation
of colored pigments due to the high UV irradiation dose (Chia
and others 2012; Ibarz and others 2005).

Changes in contents of ascorbic acid as a function of storage
time and UV treatment are provided in Figure 7 and Table 1. UV-
C treatment significantly degraded the ascorbic acid content of
FSWGJ (P < 0.05) (Table 1). A marked decrease was observed in
ascorbic acid content of untreated FSWGJ on the 3rd d of storage,
and continued to diminish after this time (Figure 7). No ascorbic
acid remained by the end of storage period. Similarly, Chia and
others (2012) also observed significant decrease in the ascorbic acid
content of untreated and UV-C treated pineapple juice. Davey and
others (2000) reported ascorbic acid degradation due to UV-C
exposure, Shaw and others (1992a,1992b) investigated the effect
of storage on the ascorbic acid content of stored fresh mandarin
and orange fruits; at the end of their shelf life, 50% retention of
the initial ascorbic acid content was reported. In other studies, the
degradation of ascorbic acid during storage has been attributed
to atmospheric oxygen (Odriozola-Serrano and others 2008), and
various factors such as light exposure, hydrogen peroxides, storage
temperature, type of processing and packaging materials used, and
enzymes present (ascorbate oxidase and peroxidase) (Ayhan and
others 2001; Davey and others 2000).

Conclusions

The shelf life of grape juice was determined as 14 d for UV-C
treated FSWGJ. Untreated white grape juice samples were spoiled
on the 7th d of storage. Thus it can be concluded that the mi-
crobial shelf life of FSWGJ was increased by 2-fold. Although the
microbial shelf life of FSWG]J doubled, the quality of juice was ad-
versely affected. The quality of juice can be preserved by increasing
the flow rate in the UV-C treatment of grape juice thus decreas-
ing the contact time between UV-C light and the grape juice.
Otherwise, the required microbial safety with minimal impact on
physicochemical and nutritive properties can be most effectively
achieved by combinations of different non-thermal treatments (for
example, US, PEE HPP, and so on), exploiting the hurdle effect.
It is therefore important to conduct further research on hurdle
technology, an alternative approach which maximizes microbial
inactivation and extends the shelf life of freshly squeezed juice
products.
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