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Liquid chromatography (LC) was the method of choice for quantification of carotenoids (including
geometrical isomers) to evaluate the effects of high-intensity pulsed electric field (HIPEF), a nonthermal
preservation method, with different parameters (electric field intensities and treatment times), on an
orange—carrot juice mixture (80:20, v/v). In parallel, a conventional heat treatment (98 °C, 21 s) was
applied to the juice. HIPEF processing generally caused a significant increase in the concentrations
of the carotenoids identified as treatment time increased. HIPEF treatment at 25 and 30 kV/cm provided
a vitamin A concentration higher than that found in the pasteurized juice.
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INTRODUCTION provide protection against macular degeneration connected with
age, through their ability to capture free oxygen and blue light
in the retina (5—8). Carotenoids have a range of important and
well-documented biological activities. They are potent antioxi-
dants and free-radical scavengers, and they modulate the
dpathogenesis of cancers and coronary heart dis€asg2y.

The demand for minimally processed food has increased in
recent years, owing to its greater retention of flavor, color, and
nutritive value and consumer demand for safe but high-quality
natural foods (with minimal or no chemical preservatives).
Although conventional thermal processing ensures safety an I o : i .
extends the shelf life of foods, it often leads to detrimental _Vitamin A deficiencies are widespread in developing coun-
changes in the sensory qualities of the prodiictConsequently,  tries, influencing the growth of young children severel,(
nonthermal processing for the preservation of foods is being 14)- UNICEF and WHO consider that improving the vitamin
developed as an alternative to traditional thermal methods. New/ Status of young children with marginal deficiency may reduce
products are being produced in this line, with juice mixtures the mortality by 23% on average. Dietary approaches are needed
that provide increased quality (nutritive value, color, etc.), with 0 replace supplementation programs, ensuring sustainability and
this being the factor that most contributes to consumer ac- @n adequate coverage of children in ne&8)(Although fruits
ceptance and an increase in the value added to the product. Thé&nd vegetables containing carotenoids are available in develop-

consumption of refrigerated juices in the U.S.A. is currently of InNg countries, deficiencies are often found during the off season
the order 4.4 bilion liters (2). (16). The application of various industrial treatments can lead

In addition to the excellent intrinsic sensory and nutritive (© the formation ofcis isomers, which do not have the same

characteristics of orange juice, the incorporation of a proportion Vitamin activity as all-trangsomers.
of carrot makes a valuable contribution to the health of the =~ Nonthermal treatment technologies can make a significant
consumer because oranges have a high vitamin C content angontribution to improving the vitamin A intake during the off
carrots have a high content of carotenes. St&)nd{scussed season, because conventional thermal treatments lead to partial
the development of vitamin-enriched fruit and vegetable juice degradation of vitamins, especially carotenoids.
mixtures, and among the suitable juices, he highlighted orange High-intensity pulsed electric field (HIPEF) treatment has
carrot juice because of its greater consumer acceptance. gained increasing interest because it offers some attractive
The carotenoids present in citrus fruits are a complex mixture advantages over thermal methods currently used in processing
of >115 natural substance$)(but not all of them are precursors  raw materials and foods (17). HIPEF has been most successful
of vitamin A. Various carotenoids, including.-carotene, with fluid products; however, some semisolids and powders have
pB-carotene, ang@-cryptoxanthin, have provitamin A activity, also been treatedl8). HIPEF processing inactivates micro-
being transformed into retinal by mammals. The xanthophylls organisms and enzymes without significant adverse effects on
(oxocarotenoids) lutein and zeaxanthin are also known to flavor and nutrients (19—26). An increase in electric field
intensity or in treatment time, defined as the product of the
*To whom correspondence should be addressed. Telepheigat- number of pulses and the pulse length, increases microbial
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10.1021/jf051171w CCC: $30.25 © 2005 American Chemical Society
Published on Web 10/29/2005



9520 J. Agric. Food Chem., Vol. 53, No. 24, 2005 Torregrosa et al.

(A)

A0

1004

min

o
@
o
o
8-

40

11

354

30

254

20

504

0- T

d T T T T T T T T T T T .
0 8 10 16 20 min
Figure 1. Chromatogram of the carotenoids of untreated orange—carrot juice mixture at A = 450 nm (A) and A = 290 nm (B).

results in thermal energy dissipation and consequently in an The purpose of the present work is to study the effects of
increase of the temperature of the produt?)( Optimal HIPEF, with different electric field intensities (25, 30, 35, and
treatment parameters depend upon the specific food matrix,40 kV/cm) and different treatment times (30—34@3) of
temperature, pH, presence of antimicrobial compounds, andcarotenoids on an orange—carrot juice mixture (80:20, v/v)
conductivity of media 27). However, no reference about the prepared by a manufacturer and packaged aseptically. In parallel,
effects of HIPEF on carotenoid changes in orangarrot juice a conventional heat treatment was applied to the oranggot
have been found in the literature. juice, and the results were compared.

Liquid chromatography (LC) is considered to be the method
of choice for the separation, identification, and quantification MATERIALS AND METHODS
of carotenoids found in biological tissues (27—36). The use of  peagents. a-Carotene, all-trans-retinol palmitate, arelt-butyl
phOtOdIOde al’l‘ay deteCtlon n the |dent|f|cat|0n Of CarotenOIdS hydroxytomene (BHT) (specia| grade) were purchased from S|gma
by liquid chromatography is a valuable tool for characterization (Steinheim, Germany). Lutein and zeaxanthin were provided free as
of cisandtransisomers in vegetable and citric juice¥/(—42). standard substances by Roche (Basel, Switzerland). Ammonium acetate



Orange—Carrot Juice Carotenoids

(LC grade), petroleum ether, hexane (LC grade), potassium hydroxide
(85%), andert-butyl methyl ether (TBME) (LC grade) were purchased
from Scharlau (Barcelona, Spain); acetonitrile (special grade) and
magnesium hydroxide carbonate (#b6%) were purchased from

Panreac (Barcelona, Spain); and ethanol, diethyl ether, methanol, and

sodium chloride (special grade) were purchased from Baker (Deventer,
The Netherlands). Chloroform was obtained from Merck (Darmstadt,
Germany).

Samples.The process for obtaining the mixed orange and carrot
juice was after appropriate washing of the oranges, the juice was
extracted (FMC juice extractors with a 2-mm diameter perforated plate)
and placed in a tank. Carrot juice was obtained after washing the
vegetables first with a diluted solution of sodium hydroxide and
afterward with drinking water. The washed vegetables were ground,
and the juice was filtered and mixed with the orange juice (80% orange
and 20% carrot). The mixed juice was packaged in Elopack packages
and frozen (—40C).

HIPEF Treatment System.The sample treatments were carried out
in continuous HIPEF treatment system designed by the University of
Ohio and located in the Instituto de Agroquimica y Tecnologia de los
Alimentos (CSIC) in Valencia. The system consisted of four treatment
chambers with a diameter of 0.23 cm and an electrode gap of 0.293
cm connected in series and two cooling coils connected before and
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Table 1. Wavelengths and Retention Times of Orange—Carrot Juice
Mixture

orange—carrot

peak A tr?
number carotenoids (nm) (min) £ SD
1 9-cis-violaxanthin and neoxanthin 430 5.75+0.04
2 antheraxanthin 450 7.01£0.03
3 mutatoxanthin 430 7.20£0.01
4 lutein 450 7.54 +0.02
5 zeaxanthin 450 7.96 +0.04
6 o-cryptoxanthin 450 9.53+£0.03
7 p-cryptoxanthin 450 10.45 +0.04
8 cis-f3-cryptoxanthin 450 10.83 +0.05
9 9-cis-o.-carotene 430 12.06 + 0.04
10 a-carotene 450 12.63+0.03
11 phytoene and phytofluene 290 13.06 + 0.02
12 [-carotene 450 13.28 £ 0.03
13 13-cis-[3-carotene 450 13.95 + 0.02
14 ¢-carotene 430 14.28 £ 0.04
15 9-cis-[3-carotene 450 14.96 +0.03

@z = retention time.

after each pair of chambers, immersed in a refrigerated bath to keepTable 2. Concentration of Carotenoids («/100 g) and Vitamin A
the temperature within the designated range. The temperature, wave(RAE) in Untreated and Pasteurized Orange—Carrot Juice

form, voltage, and intensity in the treatment chambers were fed into a
digital oscilloscope (Tektronix TDS 210, Tektronix, OR).

The flow was set at 60 mL/min and controlled by a flow pump (Cole-
Parmer 75210-25, Cole-Parmer Instruments, IL).

Treatment time ranged from 30 to 346, and the electric field was
set at 25, 30, 35, and 40 kV/cm. Samples were collected after each
treatment. The experiments were performed in duplicate.

Thermal Treatment. The thermal treatment intensity given 1o
samples (98C, 21 s) was similar to the one given by manufacturers
of refrigerated juice. To treat the samples, an ARMFIELD FT74P

equipment with a plate exchanger was used. Juice placed in a feedingg

tank was impulsed by a pump to the heat exchanger where the treatmen
conditions (98°C, 21 s) are reached. Heating of orange juice at 90

99 °C for 15—30 s is normal in commercial practicé3). After
treatment, the juice was cooled with cold water from a cooler
(ARMFIELD FT61), and it was packed and stored until analysis.
Experiments were performed in duplicate.

Determination of Carotenoids. The HPLC system consisted of a

untreated pasteurized
orange—carrot orange—carrot
juice juice
9-cis-violaxanthin and neoxanthin ~ 332.29 + 19.94 223.03 £10.95
antheraxanthin 132.12£5.28 126.97 £ 6.33
3 mutatoxanthin 13.87+0.83 15.08 +0.96
4 lutein 4517+2.71 47.20 +3.01
5  zeaxanthin 37.15+2.19 54.42 + 1.56
6  a-cryptoxanthin 25.46 +0.81 2151+151
7 [-cryptoxanthin 38.81+£2.87 50.17 £ 2.03
8  cis-f3-cryptoxanthin 26.29 +0.98 38.46 +1.22
9-cis-a-carotene 106.40 + 3.23 78.76 £ 1.58
10 a-carotene 691.02 + 18.56 818.63 + 16.32
11 phytoene and phytofluene 334.36 +£11.02 401.90 + 15.27
12 [(-carotene 1789.69 + 108.36  1893.49 + 112.23
13 13-cis-f3-carotene 99.71+£7.38 263.13 +15.63
14 C-carotene 100.14 + 4.66 99.14 +3.97
15  9-cis-f3-carotene 41.33+3.02 30.05+2.85
vitamin A (RAE) 367.45 + 22.05 396.24 + 31.64

series 1050 chromatograph with a quaternary pump system, a diode

array detector (Hewlett—Packard, 1100 series), a column thermostat

RESULTS AND DISCUSSION

(Agilent, 1100 series), an on-line degassing system, and a ChemStation

(series A.06.03) data system (Hewieltackard, Waldbronn, Germany).

A 250 x 4.6 mm Vydac 201TP54 reverse-phasg &@lumn with a
particle size of um and a Vydac 201TP precolumn (guard column)
(4.6 mm i.d. cartridge with %4 particles) (Hesperia, CA) were used.

The carotenes (including geometric isomers) were identified and
quantified by HPLC with a ultraviolet/visible diode array detector. The
mobile phase used wasrt-butyl methyl ether, methanol with am-
monium acetate (0.1 M) and water (in a concentration gradient), and a
temperature gradient was applied with retinol palmitate as an internal
standard. An extraction process (4:3 ethanol/hexane, v/v) was per-
formed, followed by saponification with diethyl ether/methanolic KOH
(0.1%, w/v, BHT) (1:1, v/v) for 0.5 h at room temperature. The
carotenoids were identified by UWis spectra, and retention times in
HPLC in the juices were analyzed (42).

Determination of Vitamin A. Vitamin A was expressed as retinol
activity equivalents (RAE), using the following conversidd), RAE=
(ug of -carotene)/6t (ug of S-cryptoxanthint o-cryptoxanthin+
o-carotenet g-carotene)/12.

Statistical Analysis.Carotenoid contents were compared using one-
way analysis of variance (ANOVA). LSD tegt < 0.05) was applied.
The computer program employed was Statgraphics Plus for Windows
3.0.

Carotenoid Profile and Effect of Heat Treatment. The
cromatographic profile of the saponified extract of fresh
orange—carrot juice is shown Figure 1, and the carotenoids
identified appear inrable 1.

Table 2 shows the mean concentration of each of the
carotenoids quantified in the orangearrot juice and their
vitamin activity expressed as retinol activity equivalents. It also
gives the concentration of each of the carotenoids in the heat-
treated orange—carrot juice. Of all of the carotenoids studied,
only five decreased significantlp (< 0.05): 9<is-violaxanthin
and neoxanthin (32.9%), antheraxanthin (3.9843ryptoxanthin
(15.5%), 9-cisa-carotene (25.9%), and@s-5-carotene (27.3%),
while there was a significant increase in the others, with the
exception of lutein, mutatoxanthifi;carotene, ang-carotene.
The decrease in violaxanthin and neoxanthin and antheraxanthin
after pasteurization coincide with an increase of mutatoxanthin
concentration. This can be explained because violaxanthin and
antheraxanthin under slightly acidic conditions can be converted
to mutatoxanthin and other compounds such as auroxanthin,
not identified in this case46). The greatest increase in
concentration was in 18is-f-carotene (163.9%), followed by
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Table 3. Concentration of Carotenoids (xg/100 g) and Vitamin A (RAE) in Orange—Carrot Juice Treated by HIPEF with a Field of 25 kV/cm

treatment time (us) 0 60 110 200 280 340

maximum temperature (°C) 40 44 51 58 65
1 9-cis-violaxanthin and neoxanthin 381.46 522.73 493.74 648.35 602.03 662.53
2 antheraxanthin 135.32 177.04 154.22 226.07 215.17 22391
3 mutatoxanthin 11.54 28.58 44.02 30.22 19.91 26.19
4 lutein 50.46 73.92 60.14 84.06 87.57 87.18
5 zeaxanthin 43.11 26.56 48.50 64.19 67.67 68.69
6 o-cryptoxanthin 26.16 30.47 37.21 37.24 42.68 36.60
7 [-cryptoxanthin 38.35 66.89 99.16 90.90 87.86 84.47
8 cis-f3-cryptoxanthin 30.70 50.64 58.37 55.22 46.17 31.28
9 9-cis-a-carotene 59.86 75.26 193.74 177.92 165.33 144.85
10 o-carotene 722.17 920.14 848.29 975.48 793.19 812.20
11 phytoene and phytofluene 320.56 629.95 402.90 506.90 497.26 598.53
12 f-carotene 1928.78 2132.48 1950.31 2365.17 1996.79 1935.79
13 13-cis-f3-carotene 97.21 91.04 220.73 157.88 199.71 83.56
14 G-carotene 80.98 146.51 194.77 154.26 141.91 142.65
15 9-cis-f3-carotene 30.13 66.75 57.49 47.62 62.96 75.52

vitamin A (RAE) 391.59 449.88 420.24 495.92 418.05 409.24

Table 4. Concentration of Carotenoids (xg/100 g) and Vitamin A (RAE) in Orange—Carrot Juice Treated by HIPEF with a Field of 30 kV/cm

treatment time (us) 0 60 110 170 200 220

maximum temperature (°C) 42 47 56 61 64
1 9-cis-violaxanthin and neoxanthin 381.46 486.82 511.07 549.00 494.07 693.25
2 antheraxanthin 135.32 191.40 214.41 227.16 219.28 247.36
3 mutatoxanthin 1154 20.37 25.06 24.36 24.60 31.26
4 lutein 50.46 65.93 83.46 86.09 85.96 96.96
5 zeaxanthin 4311 57.54 66.31 67.06 70.68 84.50
6 o-cryptoxanthin 26.16 45.05 43.22 4371 42.04 50.35
7 [-cryptoxanthin 38.35 60.30 73.71 87.59 67.79 107.22
8 cis-f3-cryptoxanthin 30.70 56.59 4777 47.44 67.61 75.68
9 9-cis-a-carotene 59.86 143.14 161.89 155.03 169.49 259.14
10 a-carotene 722.17 1002.91 1121.57 1100.34 934.37 1185.56
11 phytoene and phytofluene 320.56 364.02 467.99 504.10 646.99 560.87
12 [-carotene 1928.78 1051.66 2127.89 2435.42 2007.34 2965.81
13 13-cis-p-carotene 97.21 126.94 165.09 179.01 188.93 202.03
14 ¢-carotene 80.98 176.66 168.19 162.15 189.62 211.77
15 9-cis-[3-carotene 30.13 69.34 70.25 63.68 83.93 89.64

vitamin A (RAE) 391.59 278.60 468.27 518.42 433.87 619.68

zeaxanthin (46.5%) ancis-$-cryptoxanthin (46.3%). Thermal Effect of HIPEF Treatment on Carotenoid Content of

processing implies an increase in the carotenoid concentration,Orange—Carrot Juice. To establish the effect of HIPEF
perhaps owing to greater stability, enzymatic degradation, andtreatment, different field intensities (25, 30, 35, and 40 kV/cm)
unaccounted losses of moisture and soluble solids, which were applied for different times (from 30 to 348), and in all
concentrate the sample per unit weight (46). Heat induces cis/cases, the results were compared with the results for untreated
trans isomerization (18is-5-carotene), and different carotenoid orange-carrot juice.Tables 3—6 show the results obtained. The
byproducts can be formed{—49). Lee and Coate$0) studied tables give the maximum temperature attained in each treatment,
the effect of heat treatment (A, 30 s) on the color and  which did not exceed 65C in any case.

pigments of oranges and found that the carotenoids that It can be seen that the concentration of the®violaxanthin
decreased were violaxanthin (46.4%i%-violaxanthin (19.7%), and neoxanthin mixture increases with treatment time; simple
and antheraxanthin (24.8%). They found a clear increase in theregression analysis is done, and although the fit is not significant
concentration of luteoxanthin (30.9%), mutatoxanthin (74.2%), in all cases, it can be seen that the rate of formation of these
lutein (13.4%), and:;-carotene (23.1%). Doering et al. (51) carotenoids increases with treatment intensity: %.18
reported that whef-carotene is exposed to temperatures below (correlation coefficient of 0.89p < 0.05), 0.97 + 0.35
100 °C the carotenoids formed are mainly 13- and 15-cis-3- (correlation coefficient of 0.81p < 0.05), 1.63+ 0.79
carotene and that 9-cis-f-carotene is formed when the temper-(correlation coefficient of 0.68p > 0.05), and 1.86+ 0.69
ature is above 100C. Similar results were obtained by Kuki  (correlation coefficient of 0.80% > 0.05)ug (100 g of juice)*

et al. 62), who found that whepfi-carotene is heated to 8C us1, for juice treated at 25, 30, 35, and 40 kV/cm, respectively.
for 30 min 13- and 1%is-3-carotene are formed. However, Something similar happens with the concentration of anther-
Chen et al. (53) and Johnsson (54) found thatarotene in axanthin, which increases with treatment time, and its rate of
carrot juice was stable to cis isomerization when pasteurized atformation increases with treatment intensity: 0.26 0.07

100 °C. Marx et al. b5) studied the effects of heat treatment (correlation coefficient of 0.90p < 0.05), 0.42+ 0.08

on trans-cis isomerization ofs-carotene in carrot juice and  (correlation coefficient of 0.93p < 0.05), 0.75+ 0.12
found that pasteurization at & and sterilization at 121C (correlation coefficient of 0.95p < 0.05), and 0.94t 0.27
caused a lower percentage of @3-j3-carotene to be formed (correlation coefficient of 0.87 < 0.05)ug (100 g of juice)*

than when the juice was sterilized at 130. Bull et al. () us 1, for juice treated at 25, 30, 35, and 40 kV/cm, respectively.
report that high-pressure processing and thermal treatment ofWhen the HIPEF treatment applied is 25 kV/cm, the concentra-
orange juice do not significantly reduce fiscarotene content.  tion of g-cryptoxanthin increases slightly in the first 118
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Table 5. Concentration of Carotenoids (xg/100 g) and Vitamin A (RAE) in Orange—Carrot Juice Treated by HIPEF with a Field of 35 kV/cm

treatment time (us) 0 60 90 110 130 150

maximum temperature (°C) 44 50 54 59 64
1 9-cis-violaxanthin and neoxanthin 261.00 501.00 313.75 383.64 537.22 552.20
2 antheraxanthin 93.73 148.99 157.14 204.03 194.79 198.43
3 mutatoxanthin 16.38 18.00 14.89 15.52 13.43 15.31
4 lutein 38.56 61.48 64.98 78.33 84.48 81.43
5 zeaxanthin 33.39 47.6 53.89 53.13 70.88 76.09
6 o-cryptoxanthin 29.11 33.92 29.04 28.28 27.03 29.21
7 [-cryptoxanthin 35.71 45.08 53.47 71.49 105.24 92.70
8 cis-f3-cryptoxanthin 25.20 36.13 30.79 27.83 31.39 36.21
9 9-cis-o.-carotene 222.69 137.15 161.81 143.87 153.04 1333
10 o-carotene 867.62 472.61 577.91 571.76 721.70 489.43
11 phytoene and phytofluene 423.15 447.64 348.67 368.46 387.53 375.32
12 f-carotene 2253.27 1086.74 1564.3 1644.78 2102.18 1000.86
13 13-cis-f3-carotene 157.95 118.04 11541 112.51 103.72 4151
14 ¢-carotene 205.50 132.83 122.48 116.38 145.25 126.47
15 9-cis-f3-carotene 70.66 40.44 45.11 48.89 46.68 50.74

vitamin A (RAE) 467.95 235.33 323.54 33743 431.38 225.86

Table 6. Concentration of Carotenoids (xg/100 g) and Vitamin A (RAE) in Orange—Carrot Juice Treated by HIPEF with a Field of 40 kV/cm

treatment time (us) 0 30 60 80 90 100

maximum temperature (°C) 43 53 61 60 65
1 9-cis-violaxanthin and neoxanthin 305.23 484.92 519.44 507.22 466.93 562.35
2 antheraxanthin 164.09 189.46 220.31 258.31 276.77 225.64
3 mutatoxanthin 16.03 10.67 8.76 12.63 10.97 8.97
4 lutein 4119 55.79 67.13 78.40 56.84 71.63
5 zeaxanthin 29.00 38.36 39.67 42.95 32.66 40.62
6 a-cryptoxanthin 20.39 18.03 14.36 13.79 13.93 15.19
7 p-cryptoxanthin 42.79 57.68 63.86 83.86 93.16 87.09
8 cis-f3-cryptoxanthin 18.57 42.82 31.19 39.13 46.18 36.83
9 9-cis-a-carotene 83.18 78.92 59.56 70.47 71.78 66.57
10 o-carotene 452.13 490.87 541.20 443.47 452.12 462.32
11 phytoene and phytofluene 273.15 201.90 203.13 208.70 226.27 230.53
12 [3-carotene 1047.93 1073.35 1264.06 975.06 1025.15 1032.81
13 13-cis-p-carotene 46.46 67.25 92.68 48.54 53.52 45.43
14 g-carotene 33.10 49.10 39.01 36.79 42.02 33.74
15 9-cis-[3-carotene 34.41 6.60 9.21 6.98 13.24 4.84

vitamin A (RAE) 218.66 228.70 264.35 209.77 219.8 220.73

and then remains stable until 348. In fields of 30, 35, and 13cis-f3-carotene ang-carotene at the various treatment times,
40 kV/cm, the concentration of this carotenoid increases with but they decrease significantly (p 0.05) when the treatment
longer treatment times and the rate of formation increases with intensity increases (40 kV/cm). The concentration ai®#-
treatment intensity: 0.24 0.07 (correlation coefficient of 0.88,  carotene decreases in fields of 35 and 40 kV/cm and increases
p < 0.05), 0.45+ 0.11 (correlation coefficient of 0.94 < in fields of 25 and 30 kV/cm.

0.05), and 0.49+ 0.07 (correlation coefficient of 0.9 < In 25 kV/cm, all carotenoids identified an increase in their
0.05)ug (100 g of juicey! us™1, for treatments of 30, 35, and  concentration with regard to the orangearrot fresh juice. It

40 kV/cm, respectively. Similar behavior can be seen in the can be pointed out that the carotenoid concentrations increase
evolution of the concentration afs{3-cryptoxanthin and ®is- when shorter treatment times are applied and their concentrations
o-carotene. In the 25 kV/cm field, there is a significant increase decrease or are mainteined when the longer treatment times are
(p < 0.05) in the first 11Qus of treatment, decreasing when applied (Tables 3—6), with reference to the concentration of
the treatment time increases. When the field intensity is the first treatment time. In 30 kV/cm, an increase in the
increased (30, 35, and 40 kV/cm), the concentratiogisfs- carotenoid concentration is also observed, and it can emphasize
cryptoxanthin increases as the treatment time increases, whereaa very significant increase when a 206 time is applied.

the concentration of 9-cis-a-carotene increases when the field HIPEF processing is an alternative to conventional thermal
intensity applied is 30 kV/cm but decreases when the intensity treatment of orange—carrot juice. To select the best HIPEF
is higher. The concentration eof-carotene increases when 25 treatment conditions, it is necessary to bear in mind not only
and 30 kV/cm fields are applied; it is maintained in treatments microbiological and enzymatic inactivation but also organoleptic
of 40 kV/cm; and it decreases significantly € 0.05) when a characteristics and nutritive value.

field of 35 kV/cm is applied. It can be seen that this result is  Effect of HIPEF Treatment on Vitamin A. Vitamin A

not influenced by treatment time. The concentratiorf-afar- increases in orange—carrot juice with regard to untreated
otene is higher when a 30 kV/cm field is applied, although the orange-carrot juice when a 25 kV/cm field is applied, enhanc-
increase is not significanp(> 0.05). When the field is 25, 35,  ing the three first times. After 28@s, the increase in the vitamin

or 40 kV/cm, no significant differencep & 0.05) are observed A concentration is smaller. When 208 is applied, it produces
when the treatment time increases. The concentration of 13-an increase of 26.6% with regard to fresh juice. When the field
cis5-carotene{-carotene, and 8is3-carotene increases when is 30 kV/cm, vitamin A increases with treatment times with

a 25 kV/cm field is applied. With a field of 30 or 35 kV/cm, regard to untreated orange—carrot juice (an increase of 58.2%
no significant differences are observed in the concentrations of with the last time applied, 220s), except for the first time
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Figure 2. Variation of vitamin A (RAE) with HIPEF treatment and heat.

applied, which produces a great decrease in vitamin A (29%).
In 35 kV/cm, vitamin A decreases in all cases regarding
untreated orange—carrot juice. Vitamin A increases when a 40
kV/cm field is applied (4.5 and 20% in the first and second
treatment times applied, respectively), but afterward, its decrease
is similar to fresh juice. Vitamin A increases in pasteurized
orange juice with regard to untreated orangarrot juice
(7.8%).

A comparison of these results with pasteurized orarugerot
juice shows that it is only in the HIPEF treatments with an
intensity of 25 or 30 kV/cm that the vitamin A content is higher
than in the pasteurized juic&igure 2).

The results obtained when HIPEF is applied to the juice
cannot be compared with other authors because no similar works
have been found in the literature.
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