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Effect of a Combined Treatment of High Hydrostatic Pressure and
Carbonation on the Quality Characteristics of Valencia Orange Juice
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Abstract

A combined treatment of high hydrostatic pressure and carbonation was used to inactivate pectinesterase (PE)
and sterilize microorganisms in Valencia orange juice without major changes in its nutritive components. Qual-
ity characteristics of Valencia orange juice, such as microorganisms, PE activity, vitamin C content and color,
were evaluated after it was treated with pressure, carbonation-and-pressure, and heat. Quality changes during
storage at 4°C and 30°C after the treatments were also investigated. Pressurized orange juice (pressurized at 600
MPa for 10 min at 20°C) showed 7.0% residual PE activity, while the carbonated-and-pressurized orange juice
(207 kPa-CO, gas pressure, pressurized at 600 MPa for 10 min at 20°C) showed 0%. Pressurization at 400
MPa or higher decreased the population of microorganisms in the orange juice to less than 10 CFU/mL. Car-
bonated-and-pressurized orange juice showed slight decrease in vitamin C content when stored at both 4°C and
30°C. While heat-treated (90°C for 60 sec) orange juice showed 75% decrease in vitamin C content when stored
at 30°C. L value (lightness) and b value (yellowness) of carbonated-and-pressurized orange juice were higher
than those of heat-treated orange juice when they were stored at 4°C for 30 days.
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Fig. 1. Effects of different treatments on residual pec-
tinesterase activity in orange juice. B: pressurized for 5
min, #Z: pressurized for 10 min, M; carbonated at 138 kPa
and pressurized for 5 min, B: carbonated at 138 kPa and
pressurized for 10 min.
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Fig. 2. Effects of different treatments on residual pec-
tinesterase activity in orange juice. 8: carbonated at 207
kPa and pressurized for 5 min, #: carbonated at 207 kFa
and pressurized for 10 min, [l: carbonated at 207 kPa and
pressurized for 15 min.
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Table 1. Effects of different treatment on microbial po-
pulation in orange juice

Bacteria Yeast & mold

Treatment Condition
(uait: CFU/mL)
Control 32x10°  6.6x10°
Heat 90°C sec <10 <10
Pressurization” 200 MPa, 5 min 5.0x10° 4.0x10°
200 MPa, 10 min 1.3x10°  1.3x1¢°
200 MPa, 15 min 7.2x 10! 2.9x 1

400 MPa, 5 min 0 0
400 MPa, 10 min
400 MPa, 15 min
600 MPa, S min
600 MPa, 10 min
600 MPz, 15 min \]

oo o0
Do QO

Combination” of 200 MPa, 5 min 4.1x10° 24x10°
pressurization 200 MPa, 10 min 1.0x10° 51X 10°
and carbonation 200 MPa, 15 min 4.7x10' 3.5x10°

400 MPa, 5 min 0 0

400 MPa, 10 min

400 MPa, 15 min

600 MPa, 5 min

600 MPa, 10 min

600 MPa, 15 min 0
"Pressurization was perforined at room temperature.
“Carbonation was performed with 138 kPa-CO, gas pressure
in a cathonator at 4°C.
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CarbonationZt Z112to| Hgtx2|7} dlEtR! C &2t
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Table 2+ L AMAFAE dxlg], 2wstAg], car-
bonation¥} 73}t ¥ ghxe] 319l-S wf welul C §=F
o] wizhE vpepisdcl. Zhhe) AelE AR 2alA
22 vjehl C AL BF 4% u]jEhog & Aol
o)z oo} QX FAE 93°CollA| 40 sec 9 A
Hel® A3 12%9] Hlebyl © £ wastolths
z} Z099) E.I’ Hrls Ao 2aeke ¥t o3
Ashe EF ool vl C AL e B
Faxcl "o“tﬂx—“,_i =t} B 73} Tressler S-2]
Aztel dx|sh=dl, ol 2 Weoll EXFHs meta-
phosphoric acid, polybasic acids, mineral acids, aro-

matic carboxylic acids, hydroxy acids, hesperidin, nar-
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Table 2. Effects of different treatment on vitamin C

content in orange juice

Vitamin C
Treatment Condition —_—
(unit: mg/100 mL)
Control 43.0
Heat 90°C, 60 sec 415
Pressurization” 200 MPa, 5 min 42.5
200 MPa, 10 min 413
200 MPa, 15 min 422
400 MPa, 5 min 41.5
400 MPa, 10 min 424
400 MPa, 15 min 41.8
600 MPa, 5 min 413
600 MPa, 10 min 42.7
600 MPa, 15 min 41.8
Combination” of 200 MPa, 5 min 43.7
pressurization 200 MPa, 10 min 41.8
and carbonation 200 MPa, 15 min 432
400 MPa, S min 43.2
400 MPa, 10 min 42.2
400 MPa, 15 min 40.8
600 MPa, 5 min 41.8
600 MPa, 10 min 413
600 MPa, 15 min 413

"Pressurization was performed at room temperature.
“Carbonation was performed with 138 kPa-CO, gas pressure
in a carbonator at 4°C.
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A7 259 FRE g7t Abashe AEgS B bk,
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o7} & H-g-glthe Sadler 599 B 19} ol 25t
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Table 4. Changes in bacteria, yeast and fungi of dif-
ferently treated orange juice during storage at 4°C

J9] AgelA] 2T carbonation®} & 73} HEHA Bacteria (unit: CFU/mL)
2)e] A 271(207 kPa-CO,, 600 MPa, 10 min)© 2 Tme  Gonyol Treatment
Valencia 2 3R] FAE AFFE 3 4°Col| 4] 3047 #] (days) Heat  Pressure Carbonation-Pressure
A8 $ANSHE ] 5}gcHTable 3) 0 2haw <0 <10 i
h 6 X < < <
T 2] control2 4°C 272k 3 PE Aol 2 10 12x10° <10 <10 <10
315 Holx] ¢sgtew dxjelel 21 9= 2zl 15 55x10° <10 <10 <10
4
Ao A2 30 3 7 27 o] 66.7%, 59.2%2] At& 20 5.7x 10 <10 <10 <10
BF AR 30 F 4 2710 ’ 6%l 25 33x10' <10 <l0 <10
30 5.0x10° <10 <10 <10
Table 3. Changes in PE activity of differently treated . B
orange juice during storage at 4°C (unit/mL) Yeast & Fungi (unit: CFU/mL)
- . ; Treatment
Time Carbonation- Time Control
(days) Coatrol Heat Pressure Pressure (days) Heat Pressure Carbonation-Pressure
0 1.57 0.12 0.27 0.03 0 12x10° <10 <10 <10
5 1.46 0.02 0.26 0.02 5 1.7x10° <10 <10 <10
10 1.64 0.10 0.16 0.00 10 73x10° <10 <10 <10
15 1.60 0.08 0.08 0.00 15 64x10* <10 <10 <10
20 1.58 0.06 0.16 0.00 20 6.8x10° <10 <10 <10
25 1.58 0.02 0.16 0.00 25 24x10° <10 <10 <10
30 1.44 0.08 0.16 0.00 30 1.1x10° <10 <10 <10
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Fig. 3. Changes in vitamin C contents of differently
treated orange juice during storage at 4°C and 30°C.
E—M: control, O—O: carbonation-pressure, A—aA: pres-
sure, ¢—@: heat.
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Fig. 4. Changes in color values of differnetly treated
orange juice during storage at 4°C. M—M: control, O—
O: carbonation-pressure, A—aA: pressurc, ¢—&@: heat, L
value (0: black, 100: white), a value (+: red, -: green), b
value (+: yellow, -: blue).
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