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Abstract Cloud instability and loss of fresh-like appear-

ance are important quality defects of cloudy mixed juices

determining consumer acceptability. Therefore, the aim of

this study was to investigate the feasibility of high pressure

homogenization (HPH) for improving cloud stability, flow

behavior and physicochemical characteristics as well as

reducing spoilage microorganisms in a cloudy mixed juice,

consisting of carrot, apple and peaches. HPH treatments

included pressure of 25 MPa, 100 MPa, 140 MPa and

180 MPa, pass of 1 and 2 and inlet temperature of 25 �C
and 40 �C, respectively. Results indicated that increasing

pressure and pass improved cloud stability, while increas-

ing temperature had negative effect. Herschel Bulkey

model could be well fitted to viscosity related data. Com-

pared with control (non-homogenized, NH) sample, HPH

at 140 MPa and 25 �C for 1 pass resulted in three times

higher flow behavior index. Increasing inlet temperature

also resulted in enhancing flow behavior. Besides, total

soluble solids content was not affected by HPH, even

though pH and color showed slight changes. Compared

with NH sample, HPH at 140 MPa resulted in 4 log10 and 3

log10 reductions in total plate count and yeasts and molds

count respectively. Thus, HPH at 140 MPa could effec-

tively be used for enhancing cloud stability, improving

flow behavior and reducing microorganisms in cloudy

mixed juices.

Keywords High pressure homogenization � Mixed juice �
Cloud stability � Flow behavior � Microorganism reduction

Introduction

Cloudy mixed juices are widely consumed and provide

alternatives to fresh fruits in a healthy diet. In recent years,

mixed juices have become increasingly popular, ranking as

the second most important type of fruit juice (19.4%) in the

EU, following orange juice (36.7%) (AIJN 2016). Carrot,

apple and peaches are preferable sources of mixed juice pro-

duction due to presence of bioactive compounds including

carotenoids, polyphenolics and dietary fiber, which are found

to be positively associated with a reduction of the risk of

developingdegenerative diseases (Gao et al. 2017; Liang et al.

2013; Ma et al. 2015; Saini et al. 2015). Moreover, carrot and

peaches are widely available in China. Since carrot contains

less sugar, adjusting taste of mixed juice is possible with clear

apple juice. However, cloud sedimentation is one main

drawback in fresh cloudy mixed juice. Furthermore, thermal

treatments that widely applied as means for microorganism

reduction could further induce sedimentation. Thus, adopting

innovative technologies in mixed juice processing could be

effective in overcoming these drawbacks.

High pressure homogenization (HPH) has been consid-

ered one of the most encouraging alternatives as a partial or

total substitute for the thermal processing for fruits and

vegetables (Kubo et al. 2013). It involves mechanical impact

on breaking plant tissue, and disrupting microbial cells

suspended in the fluid (Hayes and Kelly 2003; Kubo et al.

2013). HPH also could modify both insoluble cell fragments
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(particle phase) and soluble cell contents (continuous liquid

phase) of plant dispersions (Augusto et al. 2012; Lopez-

Sanchez et al. 2011a). Furthermore, the modification of

physical properties may depend on matrix characteristics of

raw materials and applied processing parameters including

pressure, number of passes and inlet temperature (Lopez-

Sanchez et al. 2011b; Tan and Kerr 2015).

Although, many studies have been focused on HPH for

individual fruit or vegetable based liquid systems to

investigate impacts on particle size, physicochemical

characteristics, rheological properties and microbiological

status (Kubo et al. 2013; Leite et al. 2015, 2016; Silva

et al. 2010; Tan and Kerr 2015; Van Buggenhout et al.

2015), lack of studies considered the effect of HPH on

complex systems like mixed juices, in which several plant

matrixes with different physical and chemical character-

istics are involved. Therefore, this research investigated

the effect of different HPH treatments on mixed juice

(carrot, apple and peaches) attributes, with the objective

of finding out the feasibility of HPH for improving sta-

bility, enhancing flow behavior, reducing juice spoiling

microorganisms, while maintaining physicochemical

characteristics.

Materials and methods

Materials

Fresh peaches, variety ‘‘Jiubao’’, were purchased, washed,

deseeded and sliced. Peach slices were frozen with liquid

nitrogen and stored at - 18 �C. Carrot, variety ‘‘Kuroda’’

purchased from local supermarket was cold stored at 4 �C
until use. Clear apple concentrate with 68 �Brix friendly

provided by one local juice factory.

Nutrient Agar and Rose Bengal Agar were purchased

from Beijing Land Bridge Technology, Beijing, China.

Other chemicals were analytical grade and purchased from

Sinopharm Chemical, Shanghai, China.

Cloudy mixed juice preparation

Peach slices were thawed to room temperature. Peach juice

was extracted by using a squeezer and filtered through

four-layer gauze. The carrot was washed and blanched at

80 �C for 10 min with carrot and distilled water ratio of

1:1. The core temperature of the carrots during blanching at

this condition is about 60 �C, where trans–cis-isomeriza-

tion does not take place and total b-carotene remains as all-

trans-b-carotene (Marx 2003). Blanched carrot was

immediately cooled to room temperature using cold

deionized water and mechanically disrupted in a blender

(Joyong Electric Appliance, Shandong, China) for 2 min.

Concentrated clear apple juice (68 �Brix) was diluted with

addition of distilled water to 12 �Brix.
Carrot puree, apple juice and peach juice in a ratio of

30:50:20 was selected according to results of preliminary

experiments and further used in this study. The prepared

mixed juice was immediately subjected to high pressure

homogenization treatments.

Cloudy mixed juice treated by high pressure

homogenization

HPH was carried out in a bench scale high pressure

homogenization (JN-02HC series, Guangzhou Juneng

Biology and Technology, Guangdong, China) connected

with a cooling circulating system. The cloudy mixed juice

was subjected to pressure of 25 MPa, 100 MPa, 140 MPa

and 180 MPa, pass of 1 and 2 and inlet temperature of

25 �C and 40 �C. The temperature of samples was set to

the inlet temperature before feeding to the machine. Just

after HPH, samples were cooled to 25 �C by using an ice

bath. The treated samples were subjected to following

analyses. Each sample was measured in triplicate.

Particle size distributions

The particle size distribution (PSD) of juice samples was

determined by using the Masterizer 2000 (Malvern

Instruments, Malvern, U.K.). The volume mean particle

diameter (D[4,3]), area mean diameter (D[3,2]), D50 and

D90 were calculated by using the software (Microtrac-

Bluewave) attached to the machine.

Microstructure analysis

The microstructure of juice samples were obtained by

using an optical microscope (XSP-BM10A, Shanghai

Optical Instruments Manufactory, Shanghai, China) with a

10 X lens, digital camera and software (ToupView 3). Each

sample (20 lL) was carefully placed on a glass slide,

covered with a cover slip and the microstructure was

analyzed (Kubo et al. 2013).

Relative turbidity determination

The cloud stability of cloudy mixed juice was measured in

terms of nephelometric turbidity units (NTU) using a

portable Turbidimeter (Model 2100P) based on method of

Mollov et al. (2006). Turbidity was expressed in NTU, and

relative turbidity (Trel) was calculated as in Eq. (1).

Trel
Tc

To

� 100 ð1Þ
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where To and Tc were juice turbidities before and after

centrifugation at 4200g for 15 min respectively.

Determination of viscosity curves and flow behavior

properties

Viscosity measurements of mixed juice samples were

carried out using a Physica MCR3001 rheometer (Anton

Paar, Graz and Austria) equipped with 50 mm plate

geometry (49.983 mm of diameter) with a gap of 1 mm.

The shear rate was increased from 0.01 to 100 s-1 in a

steady-state shear mode. Shear stress and viscosity were

measured with the shear rate changes. Herschel-Bulkley

model (Eq. 2) with better fitting coefficient was applied for

describing all flow curves to calculate consistency index

(k), flow behavior properties (n) and yield stress (g0).

g ¼ g0 þ kðyÞn�1 ð2Þ

Total soluble sugar and pH analysis

Total soluble solids (TSS) content of juice samples was

determined as oBrix by using a digital refractometer (WZB

45, Shanghai Electronics and Analytical Instruments,

Shanghai, China) at 25 ± 1 �C and pH was measured

using a portable pH meter (Tesco 205, Tesco Industry

Corporation, Germany) at 25 ± 1 �C.

Instrumental color analysis

Instrumental color of juice samples was measured using a

Color Quest XT colorimeter (Hunter Associates Labora-

tory, Inc, USA). L* (lightness), a* (redness) and b* (yel-

lowness) values were determined for treated samples. The

total color difference was calculated using Eq. (3), where

Lo*, ao* and bo* were the values for the control (NH)

sample.

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðL� � L�oÞ
2 þ ða� � a�oÞ

2 þ ðb� � b�oÞ
2

q

ð3Þ

Microbiological analysis

To detect total plate count (TPC) and yeasts and molds

(Y&M), the pour-plating method was used. The HPH

treated and NH samples were serially diluted with sterile

0.8% NaCl solution and 1.0 mL of non-diluted and diluted

samples were plated into duplicated plates of appropriate

agar. The Nutrient Agar was used for detecting the viable

cells of TPC and the plates were incubated at 37 �C for

48 ± 2 h. The Rose Bengal Agar was used for detecting

the viable cells of Y&M, and the plates were incubated at

28 �C for 3–5 days. After incubation, plates of

30–300 CFU for the TPC and 10–150 CFU for the Y&M

were chosen for enumeration. Number of microorganism

colonies was converted to Log10 value.

Statistical analysis

All the experiments were conducted in triplicate and the

results were expressed as mean ± standard deviation. Data

were analyzed using one-way analysis of variance

(ANOVA) following LSD multiple comparison using

procedure of SAS 9.0 (SAS Institute). Significance was

determined at 95% confidence level. The figures were

plotted using Microsoft Office Excel software (2007).

Results and discussion

Particle size distribution

The PSD and mean particle diameters (D[4,3], D[3,2], D50

and D90) of non-homogenized (NH) and different HPH

treated cloudy mixed juice samples are shown in Fig. 1 and

Table 1, respectively. A prominent peak of large size

particles was observed in the NH sample, while multimodal

distributions of smaller size particles were observed for the

homogenized samples. As reported previously, multiple

peaks might be attributed to the complex composition of

the cloudy mixed juice (Bayod and Tornberg 2011).

The D[4,3] and D[3,2] were reduced in simultaneous

proportions with the increase of homogenization pressure.

As reported by Lopez-Sanchez et al. (2011b), the D[4,3]

and D[3,2] were influenced by large and small size parti-

cles respectively, hence these results indicated that both

size particles have similar impact during the HPH process.

Moreover, the most reduction occurred when the pressure

increased up to 100 MPa and size was reduced less

decreasing rate at pressure of 140 MPa and 180 MPa. Leite

et al. (2014) reported that this asymptotic behavior could

be related to gap dimensions and the shear stress, since the

stress required for disrupting smaller size particles

becomes greater. Subsequent two passes also resulted in

significant reduction (p\ 0.05) in both D[4,3] and D[3,2]

compared with single pass at 100 MPa. However,

increasing the temperature from 25 to 40 �C resulted in a

significant (p\ 0.05) increase of D[4,3] and D[3,2]. San-

tiago et al. (2016) also observed a slight increase of particle

size in carrot puree treated by high temperature followed

by HPH. Moreover, it has been reported that the particle

size of thermally treated carrot juice could be significantly

increased, attributed to heat induced protein coagulation

(Zhou et al. 2009). No significant (p\ 0.05) difference

was found in D50 and D90 values among samples treated
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at 100 MPa, 140 MPa and 180 MPa (Table 1), indicating

that further decrease in cumulative particle sizes could not

be obtained by increasing the pressure beyond 100 MPa.

Furthermore, the D90 at 100 MPa and 25 �C for 1 pass was

87 lm, which found to be quite smaller to carrot cells

(125 lm) (Lemmens et al. 2010) and peach cells

(200–300 lm 9 100–300 lm) (Rojas et al. 2016). These

pointed out that more than 90% of cell disruption of carrot

and peaches could be taken place at 100 MPa or more.

Microstructure

Figure 2 shows optical micrografts of NH and HPH treated

mixed juice samples as well as carrot puree and peach

juice. Moreover, particles could not be observed in clear

apple juice under magnification of 10. Whole cells and cell

clusters were visible in carrot puree, peach juice and NH

mixed juice samples. Upon HPH at 25 MPa and 25 �C for

1 pass, it was difficult to see distinct outlines of the cellular

material. Small cell fragments were resulted at 100 MPa,

indicating further disruption of cell material. More uni-

formly distributed smaller size particles were visible at

140 MPa and 180 MPa. Furthermore, increasing pass and

inlet temperature also resulted in uniform distribution of

smaller size particles.

Relative turbidity (Trel)

The relative turbidity (Trel) of cloudy mixed juices was

enhanced from 25 to 140 MPa, which might be attributed

to stronger shear rate induced by increasing pressure

(Fig. 3). However, the Trel showed no significant increase

from 140 to 180 MPa. Besides, the NH mixed juice

resulted in Trel value around 25%, which might be attrib-

uted to tissue disintegration during simple blending or

crushing. Moreover, pass from 1 to 2 at 100 MPa also

resulted in significant increase in Trel, which might be

attributed to further disruption of particles with subsequent

passes. However, Trel showed non-significant increase from

25 to 40 �C. The Trel is an indicative of cloud stability,

which is one of the visual quality attributes decisive for

consumer acceptance of cloudy juices (Beveridge 2002). It

has been shown that interactions among small size particles

and serum possibly made sedimentation more difficult.

Therefore, it is explained that not only the particle dis-

ruption, but also structural changes in serum pectin induced

by HPH might play important roles by binding with par-

ticles and making the homogenized mixture more

stable (Augusto et al. 2012; Santiago et al. 2017).

Viscosity curves and flow behavior properties

Figure 4a shows the apparent viscosity vs. shear rate of NH

and HPH treated mixed juices. The apparent viscosity

showed a decreasing trend with increasing shear rates,

independent of treatments (Muthukumarappan et al. 2016).

Similarly, a decrease in viscosity for samples after HPH

has been reported in orange juice (Leite et al. 2016) and

tomato puree (Tan and Kerr 2015). The NH mixed juice

samples showed higher apparent viscosity as shown in

Fig. 4a. Among the HPH treated samples, the highest

apparent viscosity was observed at pressure of 140 MPa.

Santiago et al. (2018) showed that the higher extent of

branching or presence of branched rhamnogalacturonan I

could result in high molecular weight pectic polymers.

Increasing pressure beyond an optimum value (140 MPa)

might result in removal of side branches, thus lower
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Fig. 1 Particle size distribution of non-homogenized and high

pressure homogenized mixed juice a homogenization pressure,

b homogenization pass, c inlet temperature. NH non-homogenized,

P pressure, IT inlet temperature
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molecular weight and reduced viscosity. Two subsequent

passes at 100 MPa also resulted in a little increase in

apparent viscosity compared to 1 pass, which might be

attributed to the increased interactions of pectin polymers.

Moreover, Santiago et al. (2017) hypothesized that the

intense shear promoted the interactions between WSP

polymers, which in turn, changed structure. Furthermore, a

significant increase in viscosity was observed when

increasing temperature from 25 to 40 �C. This might be

due to thermosolubilization of pectin at higher temperature

(Sila et al. 2009), which enhanced polymer concentration

in the juice.

The Herschel–Bulkley model could well fit all flow

curves with higher coefficient (95—99%) and the repre-

sentative parameters of the model influenced by HPH

treatments are shown in Table 1. The highest consistency

index (k) was present in the NH control. However,

increasing homogenization pressure resulted in gradual

decrease in k value. It was in accordance with the previous

reported results in tomato puree and concentrated orange

pulp treated by HPH (Leite et al. 2014; Tan and Kerr

2015).

Although the k decreased with increasing homogeniza-

tion pressure, flow behavior index (n) showed an opposite

behavior. The n provides valuable information about the

flow characteristics of fluids, and could be useful in opti-

mizing energy consumption during juice processing. The

NH mixed juice sample had the lowest g (0.29), indicating

greater shear thinning behavior, which could be due to lack

of interactions among particles in the initial mixture. With

the increase of the HPH pressure, the g increased signifi-

cantly (Table 1). Similarly, by using the Herschel-Bulkley

model, Leite et al. (2015) reported that cashew apple juice

homogenized at 150 MPa and 25 �C showed decreased

k value of 0.023 Pa sn and increased n value of 0.815

compared to NH sample with the values of 0.426 Pa.sn and

0.426, respectively. Moreover, similar tendencies were also

obtained by different models for pineapple pulp and con-

centrated orange juice (Leite et al. 2014; Silva et al. 2010).

In this research, the highest n was observed for samples

treated at 140 MPa (3.8 times of the NH sample) followed

by 180 MPa. Furthermore, Schmelter et al. (2002) found

that low-molecular weight pectin could result in increasing

flow behavior. Furthermore, Leite et al. (2015) explained

that the decrease in k and increase in n for the HPH treated

samples could be attributed to lubricant effect of smaller

size particles and smooth surface morphology that could

cause reduction in resistance to flow.

The response of k to the homogenization pressure was

regressed into power law equation with R2 value of 0.91,

while n was regressed into a logarithmic equation, with R2

value of 0.90 (Fig. 4b and c). The similar trends and values

of k and n vs. homogenization pressure were also found in

flaxseed gum (Wang et al. 2011). Besides, predicting of

k and n in response to the homogenization pressure might

be useful in the point of industrial view.

The NH mixed juice sample showed the highest yield

stress (g0) followed by the HPH treated mixed juice sample

at pressure of 140 MPa. However, significant difference

was not found between two values (Table 1). Moreover, g0
values were decreased in an order of 180 MPa, 25 MPa

and 100 MPa. Moreover, Lopez-Sanchez et al. (2011b)

demonstrated that the inter-particle forces could contribute

for increasing g0. A significant increase in g0 could not be

observed between single pass and 2 subsequent passes.

However, increasing inlet temperature from 25 to 40 �C
resulted in higher g0, which might be attributed to forces

created by heat induced aggregates of particles.

Table 1 The mean particle diameters and Herschel Bulkey model parameters of non-homogenized and high pressure homogenized mixed juices

Mean particle diameters (lm) Herschel Bulkey model parameters

D[4,3] D[3,2] D50 D90 Consistency

index (k) (Pa.sn)

Flow behavior

index (n) (-)

Yield stress

(g0) (Pa)
R2

NH 480.2 ± 1.9a 342.2 ± 2.0a 324.4 ± 9.0a 623.4 ± 8.7a 0.448 ± 0.011a 0.29 ± 0.04f 0.23 ± 0.04a 0.99

25/1(25) 242.7 ± 2.9b 149.2 ± 1.4b 126.5 ± 5.7a 297.8 ± 9.7b 0.223 ± 0.119b 0.58 ± 0.12e 0.10 ± 0.01c 0.99

100/1(25) 70.8 ± 1.8d 42.9 ± 0.4d 31.4 ± 4.1 cd 87.0 ± 5.7d 0.029 ± 0.003bc 0.81 ± 0.10c 0.05 ± 0.01d 0.99

140/1(25) 57.4 ± 0.6e 35.2 ± 0.7de 26.1 ± 1.0de 70.5 ± 0.8de 0.002 ± 0.001c 1.11 ± 0.12b 0.22 ± 0.09a 0.95

180/1(25) 50.2 ± 0.1e 30.6 ± 0.1e 22.4 ± 0.0e 61.4 ± 0.2e 0.003 ± 0.001c 1.05 ± 0.06b 0.18 ± 0.03b 0.96

100/2(25) 40.1 ± 0.2f 27.2 ± 0.5e 21.3 ± 0.6e 53.3 ± 0.5f 0.038 ± 0.003bc 0.69 ± 0.07d 0.05 ± 0.02d 0.99

100/1(40) 87.9 ± 0.1c 52.3 ± 0.5c 38.1 ± 1.3c 107.7 ± 0.6c 0.010 ± 0.002c 1.35 ± 0.10a 0.21 ± 0.06a 0.97

Values are the means of three replicates ± SD. Different letters in each column indicate significant differences among treatments at 0.05 level

according to ANOVA analysis
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Total soluble solids content and pH

The TSS (oBrix) and pH of the NH and HPH treated mixed

juice samples are shown in Table 2. The TSS did not

change significantly (p\ 0.05) among the NH and HPH

treated mixed juices. This implied that the desired TSS of

juice could be regulated during HPH processing. The HPH

had an impact on pH of the mixed juice. The initial pH of

NH mixed juice was 4.25. Mixed juice subjected to

25 MPa significantly decreased the pH value to 4.15, fol-

lowed by significant increase at 100 MPa (pH value of

4.20), and remained unchanged at 140 MPa and 180 MPa.

The pH was not changed between 1 and 2 passes. However,

the pH significantly increased from 25 to 40 �C. Dissolving
cellular materials such as pectins and proteins during the

HPH process might be the reason for the pH increment as

reported previously (Gul et al. 2017).

Fig. 2 Microstructure of non-homogenized and high pressure

homogenized mixed juice compared with carrot puree and peach

juice a NH mixed juice, b pressure of 25 MPa, c pressure of

100 MPa, d pressure of 140 MPa, e pressure of 180 MPa, f pass 2 at

100 MPa, g inlet temperature 40 �C at pressure of 100 MPa, h carrot

puree and i peach juice
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Instrumental color

The instrumental color in terms of L* (lightness), a*

(redness) and b* (yellowness) are shown in Table 2. The

color of the mixed juice was bright orange resembling the

color of carrot. However, the HPH treated mixed juice

samples resulted in lower L* compared with the NH mixed

juice, which might be attributed to disrupted particles. A

trend of decreasing L* with increasing pressure might be

resulted by uniform distribution of disrupted particles. The

a* and b* were significantly lower in the HPH treated

mixed juice samples than that in the NH sample. However,

HPH variables were not found to impact on a* and b*

values. Furthermore, the HPH treated mixed juice samples

resulted in observable color change (DE[ 2) compared

with the NH mixed juice. Moreover, Zhou et al. (2017)

observed a reduction in L*, an increase in a*and b* as well

as higher values for DE in HPH treated mango puree.

Reduction of natural microorganisms

Table 2 shows the effect of HPH treatments on total plate

count (TPC) and yeast and molds (Y&M) count. The

mesophilic bacteria count (determined by TPC) was

reduced by 1 log10 CFU/mL with homogenization pressure

of 25 MPa. Further reduction was observed with the

increasing of homogenization pressure, where 4 log10 and 3

log10 reductions were resulted in the TPC at 140 MPa and

180 MPa respectively, compared with the NH sample.

However, total inactivation was not possible with the

pressure levels used in the present study. Compared with

the NH sample (6.41 log10 CFU/mL), the TPC value

decreased to 3.82 log10 CFU/mL and 3.41 log10 CFU/mL

under the HPH pass of 1 to 2, while 3.82 log10 CFU/mL

and 3.43 log10 CFU/mL at the HPH inlet temperature of

25 �C and 40 �C, respectively. Similar to our results,

Welti-Chanes et al. (2009) reported a 3 log10 reduction in

mesophiles in orange juice homogenized 5 times both at

100 MPa and 250 MPa. They further showed that the

mesophiles treated at 45 �C was significantly lower in

comparison to that of 22 �C and 35 �C.
The Y&M counts were reduced by 3 log10 at 140 MPa

and 180 MPa compared with NH samples (Table 2). Fur-

thermore, compared with the NH sample (4.21 log10 CFU/

mL), the Y&M counts reduced to 2.91 log10 CFU/mL and

1.57 log10 CFU/mL under pass of 1–2. Furthermore, HPH

inlet temperature of 25 �C and 40 �C resulted in the value

decrease to 2.91 log10 CFU/mL and 0.18 log10 CFU/mL

respectively. Similarly, Corbo et al. (2010) used HPH as a

means to control molds in tomato juice and found that the

level of Fusarium oxysporum decreased to some extend

with pressure between 30 and 150 MPa, and could be

eliminated after 3 passes in the homogenizer.

Moreover, Y&M counts reduced from 2.91 log10 CFU/

mL to 0.18 log10 CFU/mL when the temperature was

increased from 25 to 45 �C at 100 MPa, however, TPC

could only be reduced from 3.82 to 3.43 log10 CFU/mL

under similar condition. It indicated that yeasts and molds

were more sensitive to increment of inlet temperature

compared to mesophilic bacteria found in the mixed juice.
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Conclusion

The results indicated that HPH at pressure of 140 MPa

could be effective in improving stability and flow behavior

properties, while reducing mesophilic bacterial and yeasts

and molds counts of cloudy mixed juice of carrot, apple

and peaches. Increasing HPH pressure and pass number

could enhance the stability. Pressure of 140 MPa and inlet

temperature of 40 �C could improve flow behavior index.

The total soluble solids content could not be changed by

the HPH treatments, even though the pH and color could

slightly be changed. HPH at 140 MPa resulted in 4 log10
and 3 log10 reductions in total plate count and yeasts and

molds count respectively. Moreover, yeasts and molds
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were more sensitive to increment of inlet temperature than

mesophilic bacteria. However, the underlying mechanisms

of enzyme activities of PME and PE on stability and

consistency of mixed juice during storage as well as

bioaccessibility of bioactive components, including car-

otenoids, polyphenolics and pectin need to be further

investigated.
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