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HIGH-PRESSURE PROCESSING OF FRESH ORANGE JUICE

TRATTAMENTO AD ALTE PRESSIONI DI SUCCO D’ARANCIA FRESCO

Flavia Takahashi*, Pehr Erik Pehrsson®*, Pierpaolo Rovere®**. Nicoletta Squarcina®***

Abstract

HP-treatment of acid fruit juices is a technique of considerable inserest and application.

In this work a synthesis is reported of trials on the optimisation of the production process of orange squash. Orange juice, was ob-
tained from fruit harvested during the season and immediately processed on the spot (Brazil), was xuéectea' to various HP-treatments.

The samples obtained were evaluated chemically, microbiologically and sensorily in comparison with quality standards.

Once optimum process parameters were defined, the product obtained by applying them was evaluated for shelf-life by chemical,

microbiological and sensory properties.

The HP-treated product compared with the reference juice, proved to have characteristics similar to the latter up to 20 weeks at

0°C and 12 weeks at 10% °C.

Key-words: high pressure, fresh orange juice, shelf-life.

INTRODUCTION

Conventional food-preserving techniques such as drying,
heating, cooling and freezing all affect food characteristics in
some way. In fact, most foods lose much of their original
taste, aroma, colour and texture. Modern society is looking
for better quality and more nutritional value from mini-
mally processed foods, a trend that will direct the develop-
ment of the food industry. New ideas such as the use of ohmic
heating, pulsed electric fields, pulsed light and high pressure
to preserve food will thus play an important role. Improve-
ments resulting from extensive research on raw material
characteristics, flavouring components and minimal heat
treatment are already a reality.

The High Pressure Process (HPP) has distinguished itself
from the rest of the promising techniques, in that numerous
HP-processed products are already on the Japanese market
and will soon appear on the North American and European
markets.

One of the more interesting HPP applications is cold
pasteurisation of acid foods. The main purpose of this process
is the microbial inactivation in the food while preserving its
original aroma, colour and texture. HPP will improve the
quality of existing products and spur food technologists to de-
velop new products or product categories.

The possibilities that HPP offers were the driving factors
behind the decision to test HP-treated orange juice on one of
the most sensitive markets, Brazil. Brazil produces more
than 50% of the world consumption of “From Concen-
trated Orange Juice” (FCOJ). Less than 0.1% of the FCOJ
is consumed by the Brazilians themselves, who have a long
history as consumers of freshly squeezed orange juice.

Some multinational companies have launched “Not

* CitrOvita Agro Industrial Ltda, Catanduva (Brazil)
s Tetra Pak, Lund (Sweden)
g ABB Industria SpA, Sesto S. Giovanni (Italy)

From Concentrated Juice” (NFC) in the retail market in
Brazil. NFC is produced by traditional juice processors for
refrigerated (below 10°C) distribution. In reality, many
food markets sell NFC juice at room temperature. Either
way, the NFC juice business is growing fast.

Objectives

The first objective of this work was to analyse the pri-
mary and interactive effects of HPP variables on juice char-
acteristics since the results obtained would have allowed suit-
able treatment pressure and time to be applied. The second
phase involved analysing the behaviour of the HP-processed
juice under different storage conditions (0°C and 10°C). Its
physico-chemical and sensory characteristics were evaluated
weekly in order to determine the shelf-life.

Methodology

The juice of both series of tests was extracted on a NFC
line from good-quality selected fruits. The juice was partially
de-oiled by means of a centrifugal separator and cooled to
0°C in a refrigeration unit. Juice samples were collected in
20 litre drums and stored at 0°C. They were then distrib-
uted and packed in little plastic bags with EvOH barrier
and stored refrigerated until processed.

Reference samples were packed in the same type of bags
and frozen to -12 °C. High pressure processing was done in
a press with an available volume of 1.4 litres and a maxi-
mum pressure of 900 MPa with temperature control in the-
5-70°C range. The process flow-sheet is given in Figure I.
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using the EB Rossler table based on the Chi-square test. Si-

TABLE 6 - Final PEU results.

multaneously, two different trained panels performed a yTp——
« » . . . i ;
preference” (points) test (Table 2) comparing a frozen refer- Points Activity units
141 le and rwo di Y/ d (e
ence juice sample and two different HPP-samples (processe
Reference 15.68
o] 8.41
TABLE 4 - Combination of variables. 2 112
3 £.93
L1 Pressure — 2
T ) ) 4 1.10
L2 Holding time Ratio = 14.9 9 533
L3 Ratio 70 1.09
L4 Product starting temperature 17 1.97
L12 Pressure and holding time interaction 12 1.05
Li3 Pressure and ratio interaction Reference 20.59
L14 Pressure and product starting temperature interaction 2] 10.17
6 1.53
L23 Holding time and ratio interaction J_
i 4.58
L24 Holding time and product starting temperature interaction 3 736
L34 Ratio and product starting temperature interaction Rartio = 17.5 13 4.99
L123 | Pressure, holding time and ratio interaction 14 1.03
L124 | Pressure, holding time and product starting temperature interaction 15 2.48
L134 | Pressure, ratio and product starting temperature interaction 16 1.20
L234 | Holding time, ratio and product starting temperature interaction
L1234 | Pressure, holding time, ratio and product starting temperature interaction
Dp Standard deviation Main Effects
A. Pressure B. Holding time C. Start temperature
69.58+14.88  93.28+049  76.15+19.91 86.7249.03 77.06+£19.59 85.80+10.71
. iy (O
at 600 and 800 MPa, respectively) stored at the same tem- O—=G 0—® © ®
perature (0° and 10°C). 600MPs 800 MPa 605 180 seC 20°C
FIRST PART: EFFECT OF PROCESSING PARAMETERS ON OR- :
Interactive effects
ANGE JUICE (O)) o ® ®
180s @ 80.138.62 93.31+0.17 20°C®78.081:10.44 93.510.52
Table 3 lists the analytical results of the experimental S i
matrix. Interesting is the effect of the process on the microbi- time I perature 1
o/ogy 'of the orange juics. Yézf.rt.c and moulds were 'co'mpletely & 05 O el
inactivated, while the chemical quality characteristics of the 59.06£12.11  93.23£0.17 61.10£14.68  93.0820.39
Jjuice were not ﬂﬁéftt’ b}’ the Profefflng Pﬂrﬂmetﬁ’rf. Sugﬂr
content, acidity and colour remained unchanged. The effect 600 MPa 800 MPa 600 Mpa 800 MPa
on the pulp should correlate with the effect on enzyme ac- Pressure Pressure

tivity. The well-known package “scalping” effect increased

with increasing oil content.

TABLE 5 - Statistical evaluation of the interaction between the processing variables.

FIGURE 2 - Chart of the main interaction cffect.

]Z;:Z/:f Sugar Acidity Vit. C Pulp Scott Colour PE activity
L1 0 0.0072 0.04 0.16 0.075 0 23.68
L2 0 0.0052 -0.03 0.09 0.025 0 10.57
L3 1.95 0.1556 ZHT 441 0.925 1 222
L4 0.05 0.1289 0.98 1.65 -0.325 0 8.73
112 0 0.0056 -0.33 -0.03 -0.088 0 8.73
Li3 0 -0.0073 027 -0.09 0.038 0 -10.49
Li4 0 -0.0053 0.07 ~0.09 -0.138 0 -1.94

23 0 -0.0098 0.04 -0.09 0.088 0 -8.26
L24 0 -0.0018 -0.26 -0.16 -0.038 0 -0.27
L34 -0.05 0.1371 1.82 1.91 -0.113 0 -0.88
Li23 0 -0.0012 0.21 -0.03 0.025 0 017
Li124 0 0.0036 -0.41 -0.03 0.025 0 1.49
Li34 0 -0.0108 0.12 -0.34 -0.075 0 115
L234 0 0.0092 0.12 -0.16 -0.075 0 -1.7§
L1234 0 -0.0119 0.28 -0.03 0.038 0 1.30
DP 0 0.0150 0.81 0 0.096 0 1.09
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FIGURE 1 - Trial flow-sheet.
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The evaluation of the effects of pressure on juice charac-
teristics was facilitated by planning an experimental design
with four processing variables that made statistical
interpretation possible (Table 1a).

The parameters chosen for the trials were 600 and 800
MPa, 60 and 180 seconds and two starting temperatures
5°C and 20°C, while two different ratios were chosen for the
processed juice (Table 1b).

The second phase (study of the shelf-life) was based on
one treatment time (60 seconds), one temperature (5°C) and

one ratio.

TABLE 3 - Physico-chemical data after HP treatment.

TABLE la - Factorial design matrix.

Variables

1 2 3 4

] " 52 % =

2 + - - -

3 - + . .

4 + * = “

2 - - + -

6 + - + -

7 - + + -

8 + + + -

- - - +

10 + - - +

11 - + - +

12 + + - +

13 - - + +

14 + - * +

15 - + + +

16 + + + +

TABLE 1b - Variables.
Variable No. = e
1 Pressure 600 MPa | 800 MPa

2 Holding time 60 s 180 s
3 Ratio (soluble solids% / total acidity%) 14.9 175
4 Starting temp. x5°C 20°C.

TABLE 2: The preference—test point-scale.

1 1 absolutely dislike it 6 1 like it a little
2 1 dislike it very much 7 1 rather like it
3 1 rather dislike it 8 [ like it very much
4 [ dislike it a little 9 1 absolutely like it
3 Indifferent

During the study, the sensory characteristics of the orange
Juice samples were evaluated by means of the “Difference”
and “Preference” tests carried out by a trained panel. In the
‘difference” test, the HP-processed juice was compared wirh
the frozen reference juice samples. The results were evaluated

Total » Total Moulds and
Ratio Point °Brix acidiry Vi, C Pulp Seort Colour count (TC) Yeasts PE[,J,
2100 ml mg/100 ml % % Standard cficlml (M+Y) (cfulml) % activity

14.85 Reference 11.75 0.80 43.81 10.0 23 37 | 3 100
1 11.85 G:79 40.39 10.0 2.1 37 1 0 47.07

2 11.85 0.79 40.70 10.0 23 87 ] 0 92.95

3 11.85 0.80 41.00 10.0 2.1 57 0 0 68.94

(L) 4 11.85 0.80 41.61 10.0 2.1 37 7 0 93.11
w 9 11,95 0.79 39.47 95 19 37 1 0 66.46
10 11.95 0.79 40.70 10.0 2.0 37 ] 0 93.14

11 11.95 0.79 40.70 25 2.0 37 ) 0 87.60

12 11,95 0.80 39.47 10.0 1.9 35 0 0 93.33

17.5 Reference 13.65 0,79 47.57 12 35 38 8 7 100
5 13.85 0.80 47.43 12 29 38 3 0 50.61
6 13.85 0.80 47.43 12 29 38 3 0 9257

H 7z 13.85 0.7 46.82 125 33 38 1 0 77.78
/ 8 13.85 0.80 46.51 13 3.4 38 0 0 93.52
G 13 13.85 0.82 49.94 16.3 2.8 38 5 0 72.11
2 14 13.85 0.82 50.18 16 2.7 38 7 0 94.28
15 13.85 0.82 49.62 16.3 2.8 38 6 0 86.18

16 1385 0.82 49.36 15.8 27 38 1 0 933
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Looking more closely at the statistical evaluation of the
main components (Table 4) and at their interaction (L), it
is possible to discern an influence and an interactive effect
not only of the processing parameters but also of the ratio.
This means that the effect depends on the technology as well
as on the ripeness stage of the orange cultivar. The enzyme

TABLE 7 - Physico-chemical shelf-life (600 MPa).

component is not sufficiently inactivated for total cloud sta-
bility (Table 5).

Moreover, the effect that HPP has on pectic enzyme in-
activation is worth noting (Table G), since processing para-
meters affect product quality. As referred to earlier, different
ratio values indicate different stages of [fruit ripeness and,

5 . Colour of
Weelk °Brix Acidity Ratio Vi, C Pulp Scott rfférrna—’ PEUx10*
2100 ml mg/100 ml % % Juice
0 9.30 0.56 16.60 33.39 4.0 0.017 36 45
I 9.30 0.56 16.60 32.76 35 0.014 37 43
2 9.50 0.55 17.27 28.22 3.0 0.013 37 8.0
60]00{}2 P 3 9.29 051 18.20 27.50 6.0 0.017 37 85
4 9.40 0.54 17.40 2937 6.0 0.019 37 8.0
6 9.50 0.55 1727 30.20 4.5 0.015 37 4.0
8 9.50 0.57 16.66 39.67 10.6 0.017 36 3.9
12 9.45 0.54 17.59 23.33 93 0.015 - 4.6
16 9.40 0.55 17.09 28.35 8.0 0.014 37 3.1
20 - - - - - - - -
0 9.30 0.56 16.60 33:39 4.0 0.017 36 4.5
1 - 2 g - a = - o
2 9.50 0.55 1727 28.80 4.0 0.014 36 8.0
3 - - o - * - - =
600 MPa 4 9.60 0.55 17.45 29.25 55 0.017 37 6.0
0°C 6 9.50 0.56 16.69 31.60 35 0.015 37 3.0
8 9.50 0.58 1637 30.12 8.5 0.015 36 3.5
12 9.45 0.55 17.27 3057 10.0 0.014 : 5.8
16 9.40 0.55 17.09 29.51 12.0 0.014 37 3.5
20 9.40 057 16.49 ’ 8.6 = 36 c
- = Not determined
TABLE 8 - Physico-chemical shelf-life (800 MPay).
Week Brix Acidsty Ratio Vir. fup Scoiz iofii:;:f PEUx10+
2/100 ml mg/100 ml % % Jjuice
0 9.30 0.56 16.60 33.39 4.0 0.017 36 1.06
I 9.30 0.56 16.60 32,76 35 0.015 37 1.03
9 9.40 052 18.70 28.80 4.0 0.014 37 0.90
80]004? “ 3 930 036 16.60 27.12 35 0.017 37 0.80
4 9.50 055 17227 30.60 6.0 0.017 37 0.60
6 9.40 0.54 17.40 30.20 4.0 0.015 37 0.80
8 9.50 0.56 16.96 30.28 3.1 0.017 36 0.72
12 9.45 0.55 17.29 29,95 9.0 0.016 - -
16 9.40 0.55 17.09 29.61 8.0 0.014 37 0.98
20 - B . : - : Z -
0 9.30 0.57 16.60 33.39 4.0 0.017 36 1.06
2 9.60 0.53 18.11 28.80 4.0 0.015 36 0.80
3 2 i . 2 = : - -
soooo/gpa 4 9.40 0.50 17.70 28.10 5.0 0.016 37 0.77
6 9.50 0.54 1759 32.40 8.0 0.015 37 0.80
8 9.50 0.55 17.27 29.20 45 0.015 36 0.75
12 9.25 0.54 17.22 30.60 8.0 0.014 y 0.91
16 9.40 0.55 17.09 30.00 6.7 0.013 36 0.83
20 9.30 057 16.31 A 7.3 - 36 -
- = Not determined
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TABLE 9 - Physico-chemical shelf-life of reference orange juice (kept frozen).

Reference
. s Colour of
Week °Brix Acidity Ratio Vit C Pulp Scort reference PEUx10*
/100 ml mg/100 ml % % juice
0 951 0.59 16.39 3135 5.0 0.020 36 92.07
f 9.40 0.57 16.49 @349 4.0 0.015 37 6.35
2 9.40 0.54 17.40 27.65 6.0 0.017 37 12.50
3 9.40 0.55 17.09 27.65 6.0 0.017 37 10.30-
4 9.50 0.55 1727 28.08 6.5 0.017 36 0.80
6 9.60 0.56 17.14 29.16 35 0.015 36 12.63
8 9.30 0.55 16.90 29.00 6.7 0.015 36 4.80
12 9.65 0,55 17.65 31.20 6.6 0.020 - -
16 9.40 055 17.09 28.98 4.7 0.022 37 872
20 9.30 0.57 16.31 - 6.0 - 36 -
- = Not determined
though important, have to be evaluated separately from the Higher processing parameters (pressure and holding time)
other parameters. are generally more effective in enzyme inactivation, and their
TABLE 10 - Microbial shelf-life of orange juice.
600 MPa 800 MPa
Reference
10°€ 0°C 10°C a°C
Week 7C M+Y 7c M+Y TC M+Y 76 - M+Y ¢ M+Y
cfulml cfulml cfulml cfulml cfulml fulml cfulml cfulml cfulml cfulml [
0 11375 12187 0 <50 0 <50 0 0 0 0
i 5000 14000 0 0 - - 0 0 -
- 10000 10000 0 0 0 0 0 0 <10 0
3 13000 2800 0 0 - - <100 <100
4 3700 5500 0 0 - 10 0 0 0 0
6 1300 1000 0 0 0 0 0 0 0 0
8 2800 13700 - <10 0 0 0 0 1 0
12 9000 600 0 - 0 0 0 <10 0 0
16 1000 00 0 0 0 0 0 0 0 0
20 2300 3000 - - 0 0 - 0 0
- = Not determined
TABLE 11 - Difference test (no: there is no noticeable difference between the processed and the reference juices
yes: there is a significant difference between the processed and the reference juices).
600 MPa 800 MPa
Week 10°C 0°C 10°C 0°C
0 no no no no
1 yes - no -
2 no no no no
3 yes - no -
4 no no no no
- = Not determined
TABLE 12 - Preference test.
10°C 0°C
Week Ref. 600 MPa 800 MPa Result Ref. 600 MPa 800 MPa Result
6 6.20 6.00 6.00 no 6.07 6.21 593 No
8 5.95 5.18 5.00 no 6.25 6.67 6.50 No
12 6.45 5.09 5.55 yes 5.90 5.40 6.00 No
16 5.38 5.46 5.54 yes 5.38 5.38 5.15 No
20 - = - - 4.15 3.80 3.95 No

- = Not determined



interaction is also significant. Theoretically, the High Pres-
sure-Short Time process is comparable to a HTST one with
good efficiency and high productivity (Figure 2).

SECOND PART: SHELF-LIFE EVALUATION

Tables 7, 8 and 10 list the physico-chemical and micro-
bial shelf-life of the orange juice. A comparison with the cor-
responding frozen reference sample (Table 9) shows a change
in pulp content and pectolytic activity that correlates well
with the data of the previous experiments on HPP effect.
Moreover, Scott 0il has a continuous scalping effect from the
pouches used for the experiments. The behaviour of the
chemical parameters also indicates good product stability ir-
respective of processing pressure. Shelf-life is affected mainly
by storage temperature, as vitamin C behaviour shows.

The microbial controls made during shelf-life (Table 10)
show how effectively HPP pasteurises the juice. Tibles 11
and 12 report the results of the sensory analysis made during
shelf life. Owing to the cloud loss in all samples the product
served to the panellists was shaken before it was poured into
glasses. The existing NFC products also need shaking, as is
clearly stated on the package. In no case did the panel notice
any difference between the different products during the first
month. For this reason, it was decided 1o make a more ex-
haustive evaluation using a preference (score) test from week

4 to week 20.

No differencelpreference was noted over the 20-week
trial period for the product stored at 0°C, while a minor dif-
ference was noted after 12 weeks for the product stored at
10°C.

CONCLESIONS

The work done shows that Jfreshly squeezed orange juice
could be HP-processed to extend its normal shelf life. The
main parameter affecting the quality of the product is en-
zyme inactivation, which causes cloud loss during storage.
On the other hand, this phenomenon is the same in all pas-
teurised NFC juices when processing temperature is lowered
in order to obtain a good product. This can be overcome by
including a clear “shake before use” instruction on the con-
sumer package. "Keep chilled” also has to be clearly stated on
the consumer package, since quality retention depends on
proper chilled storage.

HP-processed orange juice is ideal as a new, chilled
product to launch on a market looking for innovative, min-
imally processed food products retaining the freshness and the

natural characteristics of the raw material.

Catandura, 27 gennaio 1998
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