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Pomegranate juice (PJ) is the major pomegranate product that offers a simple way to consume pomegranate’s biologically active
compounds, obtained from arils. In this study, we objectively investigate the physiochemical properties such as pH value, total
soluble solids, color parameters, fructose and glucose contents, hydroxymethyl furfural (HMF) content, and viscosity. Also, the
phytochemical content includes total phenols content, antioxidant activity, flavonoid, anthocyanin content, and phenolic
quantification. In addition, the alpha-amylase and angiotensin-converting enzyme inhibitory activities among sweet and sour
varieties of pomegranate juice obtained from different regions in Northern Jordan (Ajloun, Dair Abi Said, and Kufur Soum) where
the significant differences at P <0.05 appeared among sweet and sour varieties in different pomegranate juice samples. The
pH values for pomegranate juice range from 2.87 to 3.77, and TSS ranges from 15.36 to 16.9 Brix. The total phenol content of
pomegranate juice ranged from 105.8 to 238.63mg/g while the total flavonoid content was present in the range of
135.53-184.9 mg/g. The DPPH inhibition (%) of pomegranate juice ranged between 20.66% and 50.63%, and the anthocyanin
content range was 3.66-11.02 mg/g. Ellagic acid, delphinidin, 3,4-dihydroxyphenethyl alcohol, 2-hydroxyphenethyl alcohol,
catechin, epicatechin, vanillic acid, caffeic acid, P-coumaric acid, chlorogenic acid, gallic acid, ferulic acid, and syringic acid are
phenolics present predominantly in pomegranate juice. Pomegranate juice exhibits high alpha-amylase and angiotensin-
converting enzyme inhibition activity. All results indicate good quality and health properties for pomegranate juice.

1. Introduction

Pomegranate (Punica granatum L.) is an ancient, deciduous
shrub or a small fruit tree, belonging to the Punicaceae
family [1, 2]. Its name emanates from “Pomuni granatum,”
in which pomum means apple and granatus means grainy,
translated as “seeded apple” [3-5]. The pomegranate (Punica
granatum L.) is one of the oldest known edible fruits that
originated in Central Asia (Iran, Turkmenistan) to the
Himalayas in northern India in 3000-4000 BC. Pomegranate

was cultivated and naturalized over the Mediterranean re-
gion thousands of years ago [3, 4, 6-8]. The pomegranate is
a nutritious fruit with different cultivars (sweet, sour, or
sweet-sour) and is composed of organic acids, sugars, vi-
tamins, polysaccharides, polyphenols, and minerals [2]. It is
consumed fresh or processed into juices, canned beverages,
jelly, jam, syrup, sauce, molasses, and paste [6].
Pomegranate juice (PJ) is the major pomegranate
product that offers a simple way to consume pomegranate’s
biologically active compounds. It is obtained from arils,
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which account for about 50% of the fruit weight and contain
about 78% juice and 22% seeds [9-11]. The reddish-purple,
moderately acidic juice contains 85.4% water and 15.6% dry
substance, composed of 10.6% sugars, 1.4% pectin, 0.2-1.0%
polyphenols, organic acids, anthocyanins (potent antioxi-
dants provide pomegranate juice with its brilliant color), and
other compounds include fatty acids, amino acids, indole-
amines, sterols, triterpenoids, a-tocopherol, vitamins, and
minerals (Fe, Ca, Cl, Cu, K, Mg, Mn, Na, and Zn). These
compounds vary in correlation to the pomegranate variety
and juice production technology [10, 12]. Several steps are
included in the production process of pomegranate juice
(P]), such as washing, crushing, deshelling, pressing, clari-
fication, and pasteurization. Juice production increased in
recent years, thus as a healthy beverage and a novel flavor for
new product development [10, 13]. Generally, pomegranate
juice (P]) provides a sweet and sour taste, musty/earthy and
fruity odors, and an astringent mouthfeel [7]. It is consid-
ered a “superfood” where routine consumption of pome-
granate juice (PJ) is associated with improved cardiovascular
well-being through cholesterol and blood-pressure-reducing
effects, preventing some cancer types such as skin, breast,
and prostate, anti-inflammatory, antidiarrheal, and astrin-
gent activities [9]. Pomegranate juice (PJ) showed 20%
higher antioxidant activity than other polyphenol-rich juices
and beverages such as apple, acai, black cherry, blueberry,
cranberry, concord grape, orange juices, red wines, iced tea,
green tea infusion, organic elderberry, and cranberry juices.
It is enriched with antioxidants including anthocyanins,
ellagic acid, ellagitannins, vitamin C, and vitamin E [9, 14].

Customer preferences for pomegranate fruits showed that
sweet cultivars were appropriate for fresh consumption and
juice production due to their sweetness and other charac-
teristics (seed hardness/astringency level/bitterness), whereas
sour cultivars showed several characteristics that could be of
great interest for food and nutraceutical industries [7, 15].

This work aims to determine the nutritional value of the
sweet and sour varieties of pomegranate juice (PJ) obtained
from different regions in Northern Jordan (Ajloun, Dair Abi
Said, and Kufur soum) to investigate their physiochemical
properties (pH value, total soluble solid, color parameters,
fructose and glucose content, hydroxymethyl furfural
(HMF) content, and viscosity) and the phytochemical
content (total phenols content, antioxidant activity, flavo-
noid, anthocyanin content, and phenolic quantification).
The results of this study will increase the awareness of people
about the benefits of eating pomegranate fruit or drinking
the pomegranate juice and encourage the investment in the
pomegranate juice industry.

2. Materials and Methods

2.1. Chemicals. Folin-Ciocalteau reagent, sodium carbonate
Na,CO;, gallic acid, methanol, sodium nitrite (NaNo,),
aluminum chloride (AICl;), sodium hydroxide (NaOH), 2,2-
diphenyl-2-picrylhydrazyl (DPPH), HCL, DNS reagent
(dinitrosalicylic acid), Hip-His-Leu (hippuryl-L-histidine-
leucine), and HPLC grade acetonitrile, and all other
chemicals were purchased from local agents (Irbid, Jordan).

Journal of Food Quality

2.2. Sample Collection. Pomegranate fruit was collected
during the summer of October 2021 from the main local
producer farms (Ajloun, Deir Abi Said, and Kufur Soum) in
the Northern part of Jordan.

Juice Processing: the pomegranate fruits were washed by
submerging them in tap water, drained, and manually cut
up, and the outer leathery skin, which encloses hundreds of
fleshy arils, was removed. The arils were manually collected
and pressed using an electric fruit juicer machine and
extracted and centrifuged (1,500g), collected in sterile
bottles, and quickly refrigerated at 4°C until further
analysis [16].

2.3. Physiochemical Properties

2.3.1. Total Soluble Solids (Brix). The total soluble solids
were determined at room temperature (25C) using a digital
refractometer (ATAGO HTT, ILLUMINATOR, Fukuoka,
Japan) using a scale from 0 to 95%.

2.3.2. Determination of pH Value. pH measurement was
directly measured at room temperature using a pH meter
(CyberScan pH510—Eutech Instruments). A sample solu-
tion of 5g/50 g was used, and the results were expressed as
pH to the nearest 0.01 degree.

2.3.3. Sugar Profile Analysis

(1) Preparation of Pomegranate Juice Samples. Glucose and
fructose were measured according to AOAC [17] with some
modifications. Each sample (5 g) was weighed and dissolved
in 50ml of distilled water. From each sample, 1 ml was
transferred to a 5ml glass tube, and then, 1 ml of acetonitrile
was added. The final solution was filtered through a 0.45 um
filter and transferred to sample vials.

(2) HPLC Analysis of Pomegranate Juice Sugars. This method
is based on AOAC [17] with minor modifications, a 10 yL
portion of each prepared sample was injected into the HPLC,
and the sugar content was determined by HPLC (high-
pressure liquid chromatography) equipped with RI de-
tection (SHIMADZU refractive index (RID-10A)) and
separation column (Shim-pack SCR-101N)
(250 mm-Lx4.6 mm LD., 10ym) was used. The column
temperature was held at 30°C. The mobile phase was
a mixture of water/acetonitrile (80 : 20 v/v). The flow rate was
1.3 ml/min. Sugar was identified according to their retention
times by comparing it with sugar standards. Quantitation is
performed according to the external standard method on
peak areas or peak heights [18].

2.3.4. Hydroxymethylfurfural Determination. The HMF
content was determined according to the official AOAC
method (AOAC official method 980.23, 1983) [19]. Five
grams of each sample was dissolved in 25 ml of water and
transferred quantitatively into a 50 ml volumetric flask, then
added 0.5ml of K Fe (CN)q3H,) and 0.5ml of Zn
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(CH5COQ),, and made up to 50 ml with water. The solution
was filtered through paper discarding the first 10 ml of the
filtrate. Aliquots of 5 ml were put in two test tubes; 5ml of
distilled water was added to one tube (sample solution); 5 ml
of sodium bisulfite solution was added to the second (ref-
erence solution). The absorbance of the solutions at 284 and
336 nm was determined using a spectrophotometer (Varian
Cary, model 1E UV/Visible Spectrophotometer). The HMF
content was calculated by the following equation:

HMF(@) _ ( ((A284 — A336) * 14.97 * 5)) 10, (1)

2.3.5. Color Measurement. The color of pomegranate juice
(P]) samples was measured by a colorimeter (12MM Ap-
erture U 59730 Inc., Pittsford, New York, USA) and
recorded in the L*, a*, and b* color system according to [20].
This color system consists of a luminance or lightness
component L* and a* which is the component for greenness
and redness and the b* component for blue to yellow. The
colorimeter was calibrated by utilization of a standard white
ceramic reference (Commission Internationale de
I'Eclairage L* =97.91, a* =-0.68, and b* =+2.45). In ad-
dition, the total color difference (AE) and Chroma were

kg wet sample calculated using the following equations:
_ 2 3 29172
where A284 is the absorbance at 284 nm, A336 is the ab- AE = [(Aa)” + (Ab)" + (AL)"]
sorbance at 336 nm, and 14.97 is a factor calculated by the
molecular weight of HMF.
Chroma = [ (a)* + (b)z] 1/2, three observations were used to calculate the mean value. (2)

2.3.6. Viscosity Determination. The viscosity of pomegran-
ate samples was conducted according to a method described
by Ereifej et al. [21]. Haake falling ball viscometer (Haake
Mess Technik, “Falling Ball Viscometer” Manual, Dieselstr.
6-7500 Karlsruhe 41, Germany) was used to determine the
viscosity of pomegranate juice (P]) samples at 25°C. Five ml
from each sample was used to measure the viscosity. The
viscosity was expressed as follows:

Viscosity = A(K1 - K2) t, (3)

where (i) viscosity is in Pa-s, A=ball constant, K1 =ball
density kg/m?, K2 = sample density kg/m>, and t = time (sec).
(ii) The nominal size of balls is 1/16 inch and 3/32 inch.
Duran borosilicate glass specifications are length: 362 mm,
inner diameter: 50 mm, and outer diameter: 53 mm.

2.4. Phytochemical Determination

2.4.1. Extraction. Pomegranate juice (P]) samples (5 g) were
diluted in 50 ml distilled water in the ratio of 1:10 (w/v),
filtered through Whatman No. 1 filter paper, and stored in
the dark until further analysis [22].

2.4.2. Determination of Total Phenolics. Total phenolic was
determined according to the Folin-Ciocalteu procedure
known by Singleton and Rossi [23], with minor modifica-
tions that 100ul of the sample extract (triplicate) was
transited into a test tube and mixed with 0.4ml of 10%
Folin-Ciocalteu reagent. After 3 min, 0.8 ml of a 1% Na,CO;
solution was added. Tubes were allowed to stand for 1h at
room temperature, and the absorption was defined at
725 nm using a spectrophotometer (CELL, model CE 1020,
Cecil Instruments, Cambridge, U.K.) against a blank, which

contained 100yl of distilled water. Gallic acid was used as
a calibration standard, and the results were expressed as
gallic acid equivalent (mg GAE/100 g of pomegranate).

2.4.3. Determination of Total Flavonoids. The total flavonoid
content was determined using a colorimetric method as
described by Zhishen et al. [24]. Shortly, 0.5ml of each
sample was mixed with 2 ml of distilled water and then with
0.15 ml of a NaNO, solution (15%). After 6 min, 0.15 ml of an
AICl; solution (10%) was added and allowed to stand for
6 min, and then, 2 ml of NaOH solution (4%) was added to
the mixture. The volume was brought to 5ml, and the
mixture was thoroughly mixed and allowed to stand for
another 15min. Absorbance was determined at 510 nm
versus a water blank using a spectrophotometer (CELL,
model CE 1020, Cecil Instruments). Results were expressed
as catechin equivalents (mg catechin/g of juice sample). All
measurements were carried out in triplicates.

2.4.4. Determination of DPPH Radical Scavenging Activity.
DPPH radical scavenging effect was determined using
a procedure described by Matthéus [25]. Five grams of each
pomegranate juice (PJ) sample was dissolved in 50 ml
methanol, centrifuged at 4350 x g, and then filtered through
Whatman No. 1 filter paper. Juice extracts (0.5ml) were
reacted with 0.2ml of DPPH solution. The mixture was
made up of a total volume of 4.0 ml with methanol, and the
mixture was mixed completely and allowed to stand in the
dark for 60 min at room temperature. Absorbance (A) was
then determined at 515nm using a spectrophotometer
(CELL, model CE 1020) against the blank. The radical
scavenging activity was expressed as % of inhibition
according to the following formula [26]:



Inhibition of control of sample (%) = (

2.4.5. Determination of Anthocyanin

(1) Anthocyanins Extraction. The sample extract was de-
termined as described by Rabino and Mancinelli [27]. Five
grams of each pomegranate juice (PJ) sample was diluted in
50 ml of 1% HCL methanol (w/v) solution. Then, extraction
was carried out by shaking for 60 min at 60°C in a water bath
and then filtered with Whatman No. 1 filter paper.
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(A of control — A of sample)) £ 100. @)

A of control

(2) Determination of Anthocyanin. The anthocyanin content
was conducted according to Rabino and Mancinelli [27],
with minor modifications. Absorbance (A) of the extract was
determined at 657 nm and 530 nm using a spectrophotom-
eter (CELL, model CE 1020, Cecil Instruments). Net ab-
sorbance was calculated based on cyanidin 3-glycoside by
the following equation:

t Ab 1%
Net Abs. = Abs. at 530 nm — 0.25 (Abs. at 657 nm), where anthocyanin content in<%> = <M> x MW x DF x <W>’
g .

where 29,600 =molar extinction coefficient, MW =449.1
molecular weight of cyanidin 3-glycoside, DF =dilution
factor, V =total volume (ml), and Wt. =sample weight (g).
Three replicates were used to calculate the mean value.

2.4.6. RP/UHPLC of Phenolic Quantification. The quanti-
fication of the selected phenolic standards (gallic acid, 3,4-
dihydroxyphenethyl alcohol, catechin, 2-hydroxyphenethyl
alcohol, chlorogenic acid, vanillic acid, epicatechin, caffeic
acid, syringic acid, P-coumaric acid, sinapic acid, ferulic
acid, rutin, rosmarinic acid, quercetin, thymol, ellagic acid,
and delphinidin) was studied in the pomegranate juice (PJ)
using a reversed-phase UHPLC (Thermo Scientific Ultimate
3000, USA) instrument utilizing a binary gradient elution.
The UHPLC instrument is equipped with a diode array
detector (DAD). The column used for reversed-phase was
a Venusil SCX column (C18 column, 4.6 mm X 250 milli-
meter, 5 ym). The mobile phase was a gradient of solvent (A)
made up of 0.2% (v/v) TFA in water and solvent (B) made up
of 100% methanol with a linear gradient. Each run takes
58 min with a flow rate of 0.75ml/min. The column was
washed before and after each run. The volume of 20 yL of
each sample was injected into the column using the above
mobile phase, and the UHPLC was run at a wavelength of
280 nm. Data acquisition and chromatographic analysis are
carried out by Chromeleon software (c) Dionex Version
7.2.10.23925.

2.5. Enzymatic Assay Determination

2.5.1. Determination of Alpha-Amylase Inhibitory Activity.
The a-amylase inhibitory activity of the pomegranate juice
(P]) samples was conducted by a method described by
Mccue et al. [28] with modifications. A 0.03% (w/v) porcine
pancreatic a-amylase (10080, Sigma Chemical Co, USA)
mixture was prepared in 100 ml of distilled water. Then,
0.5 ml of sample, 0.5 ml of a-amylase solution, and 0.5 ml of
phosphate buffer (pH 7) were mixed and incubated at 25°C

29,600
(5)

for 10 min, and 0.5 ml of water was used as a control. Next,
0.5 ml of starch solution (0.5 g of starch powder in 100 mL of
distilled water incubated at 65°C for 20 min) was added and
mixed well, followed by incubation at 25°C for 10 min in
a water bath. A 1ml of colorimetric reagent 3,5-dini-
trosalicylic acid (DNS) was added, and the mixture was
heated in a water bath at 95°C for 5 min and cooled to room
temperature. The mixture was brought to 10 ml with distilled
water. Stock solutions were prepared at concentrations of 0,
0.5, 1.0, 1.5, 2.0, and 2.5 mg/ml. Then, the absorbance was
measured at 540nm using a spectrophotometer (CELL,
model CE 1020, Cecil Instruments) against the blank.

The inhibitory activity of a-amylase was calculated
according to the following equation: inhibitory activity of
a-amylase (%) = (100 x [Abscy — Abs(s)]/Abs(c)), where
Abs(c is the absorbance of the control at 540 nm and Abs,
is the absorbance of the sample at 540 nm.

2.5.2. Determination of Inhibitory Activity of Angiotensin 1-
Converting Enzyme (ACE). The inhibitory activity of ACE
was determined according to [29] with some modifications
described by [30]. HEPES-HCL from (Sigma Chemical Co.)
was used to prepare buffer. A buffer was prepared by adding
1.3014 g HEPES sodium salt and 1.75329 g sodium chloride
in 100ml distilled water. This buffer was used in the
preparation of Hippuryl-histidyl-leucine (HHL) (H1635,
Sigma Chemical Co., Ltd., USA) by dissolving 6 ul of HHL in
2ml HEPES-HCI buffer. An ACE enzyme from A6778,
Sigma Chemical Co., Ltd., USA was prepared by mixing
0.33U in 1ml of distilled water. A 1004l of pomegranate
juice (PJ) samples was mixed with 200 ul of HHL followed by
adding 50 yl of ACE, and the mixture was incubated at 37°C.
To stop the reaction, 0.25ml of HCL was added. After
15minutes, 2ml of ethyl acetate was added to extract the
liberated hippuric acid. The mixture was centrifuged at
3000 rpm for 3 min, and 1 ml of ethyl acetate was collected
and evaporated by using a boiling water bath. After
15 minutes, 3 ml of distilled water was added. The amount of
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liberated hippuric acid was quantified by measuring the
absorbance at a wavelength of 228 nm using UV 1800, UK.
The preparation of control was done by adding 200 yl HHL
and 50 ul ACE in 100 ul distilled water instead of the sample.
The 100% ACE activity was defined as the amount of hip-
puric acid liberated in control. The ACE inhibition was
measured in triplicate for each sample and calculated using
the following equation:
(ABc — ABs)

Inhlbltory% = TBC) * 100, (6)

where ABc is the absorbance of control at 228 nm and ABs is
the absorbance of the sample.

2.6. Statistical Analysis. Data were analyzed using the SAS
version 8.2 software package [31] for data analysis, and
ANOVA was applied to observe the existence of significant
differences among the means. Means were separated by LSD
analysis at a least significant difference of 0.05 P value.

3. Results and Discussion

3.1. Physiochemical Properties of Pomegranate Juice

3.1.1. Total Soluble Solids (Brix). The mean values of TSS of
the sweet and sour pomegranate juice from different regions
of Northern Jordan are given in Table 1. The results indicate
that the TSS values for the different pomegranate juice (PJ)
samples of sweet and sour varieties range from 15.36 to
16.9 “Brix, where Ajloun sour juice (A1) has the lowest value
and Kufur Soum sweet juice (K2) is the highest. There is no
significant difference in the TSS values for the Al (15.36),
Ajloun sweet juice (A2) (15.43), and Dair Abi Said sweet
juice (D2) (15.43). Also, Dair Abi Said sour juice (D1) (15.93)
and Kufur Soum sour juice (K1) (15.9) showed no significant
differences whereas K2 (16.9) had a significant difference
compared to the other samples. Our result is quite similar to
those reported by Zaouay et al. [32] who found that the
lowest mean of total soluble solids content is 14.08 °Brix, and
the highest is 16.28 “Brix. Another study by Fernandes et al.
showed that different values of TSS ranged from 14.87 to
18.04 “Brix for nine pomegranate cultivars in Spain [33]. In
addition, Tehranifar et al. [34] found that the TSS values of
the Iranian pomegranate cultivars ranged from 11.37 “Brix to
15.07 °Brix, which is slightly lower than our range. The
differences in TSS values are attributed to the effect of ge-
notypes, variety, maturity level, cultural and environmental
practices, and the region of growth [35, 36].

3.1.2. pH Value. The mean pH values of different pome-
granate juice (PJ) samples from sweet and sour varieties and
different regions of Northern Jordan are given in Table 1. For
pomegranate juice (PJ), the pH values are significantly
different and range from 2.87 to 3.77. The lowest PH was
found in A1, and the highest was in D2. Sour cultivars have
a lower value than sweet cultivars in PJ thus indicating that

they are more acidic resulting in fewer customers’ prefer-
ences in the case of juice production [7]. Tehranifar et al. [34]
found that the pH values ranged between 3.16 and 4.09 for
Iranian pomegranate cultivars while the results obtained by
Fernandes et al. [33] ranged from 2.56 to 4.31. In addition,
Legua et al. [37] obtained a pH range of 3.94-4.07 for
Spanish pomegranate cultivars. Beaulieu et al. [38] found
that the range of pH values for California pomegranate
cultivars is 2.76-3.48. Several factors such as fruit variety,
maturity status, organic acid content, genotypes, the
growing region, and postharvest handling will contribute to
differences in pH values [33].

3.1.3. Fructose and Glucose Contents. The mean values of
fructose and glucose contents from total sugar content for
different pomegranate juice (PJ) samples from sweet and
sour varieties and different regions of Northern Jordan are
given in Table 1. Fructose content in pomegranate juice (PJ)
samples shows significantly different values ranging from
2.11% to 7.37%, and the lowest value (2.11%) is for DI,
whereas the A2 has the highest. The fructose content of A2
(7.37%) and D2 (6.86%) as sweet cultivars is higher than Al
(3.56%) and D1 (2.11%), which are sour cultivars. The
highest glucose content in pomegranate juice (PJ) samples
was D1 (9.76%), followed by D2 (9.48%), A2 (9.15%), and K2
(8.86%), significantly followed by 4.19% for Al, and the
lowest is 3.49% for D1. Generally, sweet cultivars are higher
in glucose content than the sour ones. Due to the customer’s
preference regarding juice consumption, sweet varieties are
better by having a sweet taste [7]. Fadavi et al. [39] reported
that the fructose content for ten different pomegranate juice
(PJ) samples in Iran ranged from 3.50% to 5.96%, and the
glucose content varied from 3.40% to 6.40%. Furthermore,
Pasricha [36] obtained fructose content in the range of
1.07-5.01 and glucose in the range of 1.03-5.93. Legua et al.
[40] mentioned that glucose and fructose were the main
sugars in pomegranate juice (PJ). It seems that the fructose
percentage in the PJ from Jordan has higher values than that
in the PJ from some other countries. However, the differ-
ences in the sugar composition of pomegranate depend on
the genotype, variety, agro-climatic conditions, extraction
technique, and degree of maturation [15, 41].

3.1.4.  Hydroxymethylfurfural ~ (HMF). The  hydrox-
ymethylfurfural (HMF) content of different pomegranate
juice (PJ) samples from sweet and sour varieties and dif-
ferent regions of Northern Jordan is given in Table 1. The
results of the HMF content of different pomegranate juice
(PJ) samples ranged from 160.58 mg/kg to 181.39 mg/kg. The
highest content was in A1, and the lowest was in D2. All sour
cultivars A1 (181.39 mg/kg), D1 (167.56 mg/kg), and Kl
(179.74 mg/kg) show higher HMF content than the sweet
ones A2 (178.44mg/kg), D2 (160.58 mg/kg), and K2
(174.85 mg/kg). INCEDAYTI [42] found that the PJ sample
had the highest HMF level (479.63 mg/kg) in concentrated
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TaBLE 1: Total soluble solids, pH, fructose and glucose contents, and HMF content of different pomegranate juice samples.
Parameters
Varieties Sample name Fructose and glucose content
TSS pH HMF (mg/kg)
Fructose (%) Glucose (%)
Al 15.36 + 0.06° 2.87 £0.002! 3.56 +0.08¢ 419+0.56" 181.39 +0.74°
Sour D1 15.93 +0.55° 3.026 + 0.002° 7.37 +0.02° 9.76 +0.77° 167.56 + 0.43¢
K1 15.9+0.01° 3.77 £0.002° 2.11+0.10° 3.49+0.73° 179.74+£0.77°
A2 15.43 +0.06° 3.26+0.002¢ 6.86+0.23° 9.15+0.29° 178.44+0.91°
Sweet D2 15.43 +0.05 3.55+0.003¢ 6.96+0.19° 9.48 +0.38" 160.58 + 1.08°
K2 169+0.17* 3.62+0.002 6.07 +0.26° 8.86 +0.39" 174.85 + 0.65°

*All values are calculated as a wet basis and means of three replicates. *Means + SD in the same column with the same letter are not significantly different
(P <0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,

and k2: Kufur Soum sweet cultivar.

pomegranate products. It was mentioned that the compo-
sition of pH, dry matter, and reducing sugar affects the
amount of HMF.

3.1.5. Color Measurement. The mean color values of different
pomegranate juice (PJ) samples from sweet and sour varieties
and different regions of Northern Jordan are given in Table 2.
The results were expressed as L* for darkness/lightness (0 black,
100 white), a* (—a greenness, +a redness), and b* (—b blueness,
+b yellowness) and showed differences that exist between the
juice samples. Pomegranate juice (P]) L* values ranged from
49.84 to 64.21, where the increase of L* indicates more
lightness. The a* values varied from 2.39-17.88, and the
b* values ranged from 10.69-18.19. The highest lightness value
was found in the D2 (sweet cultivar) (64.21), followed sig-
nificantly by K2 (61.47) and A2 (60.42), and both are sweet,
whereas for the sour samples, it was as follows: A1 (58.14), K1
(57.43), and D1 (49.84). However, sweet cultivars showed more
lightness than sour ones. The redness is higher in the sour
cultivar D1 (17.88), followed significantly by K1 (8.53), Al
(6.78), D2 (4.21), A2 (3.47), and K2 (2.39), which indicates that
red pigment or anthocyanins are more abundant [43]. The A2
showed the highest yellowish value (18.19), followed signifi-
cantly by D1 (16.69), K2 (14.24), A1 (14.11), D2 (11.83), and K1
which showed the lowest yellowness value (10.69). Passafiume
et al. [44] studied L* values for pomegranate juice (PJ) among
three cultivars and found that the highest value was 40.8, the
highest a* value was 60.6, and the highest b* value was 12.8. In
a similar study, Mditshwa et al. [35] found that lower L* values
than ours from pomegranate cv. Bhagwa fruit that has been
grown in three microclimates in the Western Cape, South
Africa, ranged from 22.88 to 27.12 while the redness values (a*)
were higher and ranged from 18.65 to 24.34. b* values and the
yellowness values range from 10.42 to 13.09. The differences in
color values arise from different pomegranate fruit composi-
tion, climate, and processing steps, while the red color is related
to the anthocyanin content [45].

3.1.6. Viscosity. The viscosity at 25°C of different pome-
granate juice (PJ) samples from sweet and sour varieties and
different regions of Northern Jordan are shown in Table 3.
The results exhibit that the pomegranate juice (P]) viscosity

ranged from 145.04 to 294.47 MPa s. The thicker was K2,
whereas the lightest was Al. Sour juice samples Al
(145.04 MPa-s) and K1 (155.66 MPa-s) were less viscous than
A2 (234.67 MPa-s) and K2 (294.47 MPa:s), respectively. The
D1 viscosity (235.34 MPa-s) was thicker than D2
(169.24 MPa-s). It seems that the viscosity of PJ from Jordan
is higher than what Salehi [46] reported in his study that the
viscosity values ranged between 7.4 and 106 MPa:s at dif-
ferent concentrations using a rotational viscometer. The
variation is related to different TSS values [47].

3.2. Phytochemical Contents of Pomegranate Juice

3.2.1. Total Phenolics Content (TPC). The mean values of
TPC of different pomegranate juice (P]) samples from sweet
and sour varieties of different regions of Northern Jordan are
illustrated in Table 4. The phenolic content of sweet and sour
pomegranate juice (P]) samples ranged significantly between
105.8 and 238.63 mg GAE/g. The A2 juice shows the highest
value, and the D2 juice is the lowest. The D1 and K1 juices as
sour cultivars are higher in TPC than the sweet cultivars D2
and K2, but in the case of Ajloun samples, the sour sample
(A1) has lower TPC than the sweet sample (A2). These
findings were lower than the finding of [34], who found that
total phenolics concentration ranged from 295.79 to 985.32
(mg GAE/g) with significant variation among twenty Iranian
pomegranate varieties, and higher than the values of [48]
who found that the TPC varied from 11.62 to 21.03 mg GAE/
g for Parisian pomegranate cultivars. Zaouay et al. [32]
reported that the total phenol range is 164.47-181.84 mg
gallic acid/100 ml. In addition, the authors of [49] obtained
a significantly varied range from 25.96 to 30.25 ug GAE/mg
for the TPC of different pomegranate juice (PJ) samples
while Derakhshan et al. [50] showed that the range was
12.4-23.8 mg GAE/g by using methanol for the extraction
method.

That variation in the total phenolic contents of the
pomegranate can be affected by the solvent used for ex-
traction. The differences in TPC values depend on the fruit
variety, development, maturation, agriculture, climate, and
growing regions [51]. According to these results, the Jor-
danian PJ can be considered a good source of total phenolics
and an important source of nutrients for human health.



Journal of Food Quality 7
TaBLE 2: Color measurements (L*, a*, b*, AE, and Chroma) for different pomegranate juice samples.
. Color parameters of pomegranate juice
Varieties Sample name
L* a* b* AE Chroma

Al 58.14 + 1.09° 6.78 +1.15° 14.11 +1.08° 60.22 +0.75° 15.66 + 1.32¢

Sour D1 49.84 +0.85¢ 17.88 +0.67° 16.69 + 0.42° 55.53+0.51¢ 24.46 +0.74%
K1 57.43 +1.41° 8.53+0.48° 10.69 +0.15¢ 59.04 +1.33¢ 13.68 + 0.36%
A2 60.42+0.11° 3.47+0.25¢ 18.19+ 0.68° 63.19+0.28° 18.52+0.67°

Sweet D2 64.21 £0.18% 42140144 11.83 +0.42¢ 65.43 +0.16° 12.56 + 0.39°
K2 61.47 +0.63° 2.39 +0.08° 14.24 +0.99° 63.15+0.39° 14.44 +0.98¢

*All values are calculated as a wet basis and means of three replicates. *Means + SD in the same column with the same letter are not significantly different
(P <0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,
k2: Kufur Soum sweet cultivar.

TaBLE 3: The viscosity of different pomegranate juice samples.

Viscosity (mPa*)

Varieties Sample name 25°C
Al 145.04 +2.08°
Sour DI 235.34 +2.55°
K1 155.66 + 1.41¢
A2 234.67 +2.79°
Sweet D2 169.24 +1.21¢
K2 294.47 +1.78*

*All values are calculated as a wet basis and means of three replicates. *Means + SD in the same column with the same letter are not significantly different
(P<0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,
k2: Kufur Soum sweet cultivar.

TaBLE 4: Total phenolic content, total flavonoid content, antioxidant activity, and anthocyanin content of different pomegranate juice
samples.

Varieties Sample name pC TFC . Antioxidant activity Anthocyanin content
(mg GAE/g) (mg catechin/g) (mg/g)

Al 161.2 +0.82° 135.63 + 1.69¢ 47.97 +0.68" 6.63 +0.01°
Sour D1 176.87 +1.51° 157.76 +0.35° 50.63 + 0.55° 11.02 +0.02°

K1 108.6 + 1.05¢ 184.9 +1.3° 25.4+1.68¢ 4.84+0.02¢

A2 238.63+2.13% 135.53 + 0.85¢ 473 +1.49° 6.05 +0.02¢
Sweet D2 105.8 +1.14° 149.5 +2.31° 49.6+1.32%° 3.66+0.01°

K2 107.66 +1.21% 183.5+ 0.46° 20.66 +1.21¢ 6.24 +0.02¢

*All values are calculated as a wet basis and means of three replicates. *Means + SD in the same column with the same letter are not significantly different
(P <0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,

k2: Kufur Soum sweet cultivar.

3.2.2. Total Flavonoids Content. The mean values of TFC of
different pomegranate juice (PJ) samples from sweet and
sour varieties and different regions of Northern Jordan are
shown in Table 4. The results of TFC of pomegranate juice
(PJ) indicate that the highest TFC is found in K1 at 184.9 mg
catechin/g, where A2 exhibits the lowest value at 135.53 mg
catechin/g, with no significant difference at P> 0.05 between
sweet and sour varieties for Ajloun (A1, A2) and Kufur Soum
(K1, K2) samples, whereas for Deir Abi Said (D1) samples,
the sour variety has 157.76 mg catechin/g TFC, and the sweet
one (D2) has 149.5 mg catechin/g TFC. Fernandes et al. [33]
studied nine different cultivars in Spain and found that the
highest content of flavonoids in the Katirbasi cultivar was
189.4 mg QE/100 ml juice, whereas the lowest content was
20.8 mg QE/100 ml juice. Furthermore, the authors of [49]
studied the TFC of juice samples, and the range is found to

be within 0.92-1.78 ug QE/mg. Moreover, the authors of [48]
by studying Persian pomegranate cultivars found that their
TFC ranged from 0.84 to 2.14mg catechin equivalents/g,
which are much lower than our range. The juice samples
studied by Derakhshan et al. [50] used methanol for ex-
traction given 8.7-1.8 mg rutin/g for TFC. The flavonoid
amount variations could be explained due to cultivar type,
climate, growing region different maturity levels, genetic
factors, and total phenolic contents [51-53].

3.2.3. Antioxidant Activity. The mean values of antioxidant
activity of different pomegranate juice (PJ) samples from
sweet and sour varieties of different regions of Northern
Jordan are given in Table 4. The results indicate that the
antioxidant activity varied between all pomegranate juice
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TaBLE 5: Individual phenolic contents (ppm) for different pomegranate juice samples.

Individual phenol Sour Sweet

Al D1 K1 A2 D2 K2
Gallic acid 2.68 +0.83° 3.37+1.87° 11.55+1.52°  4.44+0.85" 2.94+0.84° 714+1.41°
3,4-Dihydroxyphenethyl alcohol ~ 91.95+1.38°  101.53+0.07*°  7417+0.07¢  9533+1.74>  75.46+1.07°  93.16+1.30™
Catechin 65.15+1.07¢  8822+216°  51.24+136°  7552+137° 151.48+1.89°  41.96+0.41°
2-Hydroxyphenethyl alcohol 31.22+1.42°  352.86+0.07° 144.60+0.14° 103.46+0.96% 52.91+047° 118.82+0.27°
Chlorogenic acid 1576+ 0.86°  30.03+0.98°  2024+1.09%  4489+120° 26.80+039°  17.18+0.51¢
Vanillic acid 4.93+1.24° 13.43 +0.06¢ 4.64+£0.23° 59.83+0.21°  84.30+0.07°  31.75+0.07°
Epicatechin 81.98+0.44°  13.42+1.94%  47.12+1.44° 8.39+0.92¢ 2323+081°  16.06+0.98¢
Caffeic acid 16.76+0.79°  36.46+0.09°  23.03+0.69%  43.67+0.87°  3435+042° 22.95+1.20¢
Syringic acid 255+0.79°  0.68+0.52" 0.34+0.47° 0.58+0.26°  2.25+1.02°°  1.39+0.49™
P-Coumaric acid 2233+021° 202340265  2458+0.12°  1526+0.76°  16.95+0.12%  14.82+0.47°
Sinapic acid 26.29 +0.01° 38.75+0.12° 18.58 +0.35° n.d n.d n.d
Ferulic acid 425+0.87° 8.92+0.18° 3.72+0.82° 4.99 +0.55" 3.58 +0.13° 4.09+0.53°
Rutin nd 68.71+0.35°  31.83+0.35>  1232+014%  21.48+0.28° nd
Rosmarinic acid 27.49 +0.21% 28.52 +0.41% n.d n.d 27.47 +0.79% 27.49 +0.71*
Quercetin 2.94+0.01% n.d n.d n.d n.d n.d
Thymol n.d n.d n.d n.d n.d n.d
Ellagic acid 85.09+0.62¢  90.98+0.85°  88.02+0.74°  99.37+0.14*°  86.25+0.91%9  84.84 +0.97¢
Delphinidin 809.15+1.15° 1667.61+1.41*° 759.22+0.56° 627.81+1.05¢ 213.76+1.047 267.03+1.43°

*All values are calculated as a wet basis and means of three replicates. “Means + SD in the same row with the same letter are not significantly different
(P <0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,

k2: Kufur Soum sweet cultivar.

(P]) samples and ranged from 20.66% to 50.63%, where the
highest value is for the D1 sample, and the lowest is for the
K2.1n general, the sour cultivars from Ajloun (A1), Deir Abi
Said (D1), and Kufur Soum (K1) samples exhibit slightly
higher antioxidant activity than sweet cultivars A2, D2, and
K2, respectively. Similar results were obtained by Akhavan
et al. [54] who studied that the DPPH in Iranian pome-
granate juice (P]) samples obtained from arils and found that
the range of antioxidant content for the samples was 18.8%-
46.8% which agrees with our finding. In addition, Tehranifar
et al. [34] found that the differences in antioxidant activity
among the studied pomegranate cultivars were statistically
significant, and the values ranged from 15.59% to 40.72%.
The difference in antioxidant activity of pomegranate can be
related to the ascorbic acid content, and total phenolic
compounds [2].

3.2.4. Anthocyanins Content. The mean values of antho-
cyanin content of different pomegranate juice (PJ) samples
from sweet and sour varieties and different regions of
Northern Jordan are given in Table 4. The results of
pomegranate juice (PJ) samples for anthocyanins content
exhibit a significantly different range from 3.66 to 11.02 mg/
g, the highest amount was for D1, and D2 has the lowest
content. A1 and D1 sour samples have higher anthocyanins
content than A2 and D2 sweet juice samples, respectively,
and K2 was higher than K1. Tehranifar et al. [34] found that
the highest amount of total anthocyanin among twenty
Iranian pomegranate cultivars is (30.11 mg cy-3-glu 100 g-1).
Additionally, Hasnaoui et al, 2011 found that the total
anthocyanin content ranged from 9 to 115 mg/L juice among
the studied pomegranate varieties. Akhavan et al. [54] found

that the anthocyanins content ranged between 1.8 and
175.4mg/L. Anthocyanin content varies among varied
species or cultivars and can be affected by genetic makeup,
light, temperature, and agronomic factors [54].

3.2.5. Individual Phenolic Contents of Pomegranate Juice.
Individual phenolic contents (ppm) for different pome-
granate juice (PJ]) samples from sweet and sour varieties and
different regions of Northern Jordan are displayed in Table 5.
The results show that the individual phenolic contents in the
pomegranate juice (PJ) samples are delphinidin
(213.76-1667.61 ppm) as the highest content, and 3,4-
dihydroxyphenethyl alcohol (74.17-101.53 ppm), ellagic acid
(84.84-99.37 ppm), 2-hydroxyphenethyl alcohol
(31.22-352.86 ppm), catechin (41.96-151.48 ppm), epi-
catechin (8.39-81.98 ppm), vanillic acid (4.64-84.30 ppm),
caffeic acid (16.76-43.67 ppm), P-coumaric acid
(14.82-24.58 ppm), chlorogenic acid (15.76-44.89 ppm),
gallic acid (2.68-11.55 ppm), ferulic acid (3.58-8.92 ppm),
and syringic acid (0.34-2.55 ppm) were prominent and have
significant contents. Thymol as an individual phenol is not
found in any sample of pomegranate juice (P]). The presence
of sinapic acid is missing in A1, D2, and K2 while the highest
content is found in D1 (38.75 ppm). The A1 and K2 have no
rutin content, but it was 68.71 ppm in D1 (the highest), and
A2 12.32ppm (the lowest). The A2 and K1 missed the
presence of rosmarinic acid, and quercetin was missed in all
PJ except in Al which shows 2.94 ppm. Akhavan et al. [54]
studied the contents of individual phenolic compounds in
pomegranate juice (PJ) of ten Iranian pomegranate cultivars
and found that the content of ellagic acid ranged from 17.4
to 155.9 mg/L. Furthermore, Alsataf et al. [55] found that the
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TaBLE 6: The inhibitory activity of alpha-amylase and ACE of different pomegranate juice samples.

Inhibitory activity (%) of pomegranate juice

Varieties Sample name - inhibi
P Alpha zlc’:lyvli;e (llf/ﬂ)“b‘tory ACE inhibitory activity (%)
0
Al 439.84 +2.33° 65.39 +2.27"
Sour Dl 403.77 £2.08° 53.75 + 0.60°
K1 13334 £2.21° 45.65 +0.90¢
A2 263.23 + 1.68° 47.68 +0.56°
Sweet D2 173.17 + 1.88¢ 91.03 +2.01°
K2 64.95 +2.33f 66.37 +0.00°

*All values are calculated as a wet basis and means of three replicates. *Means + SD in the same column with the same letter are not significantly different
(P <0.05). *Al: Ajloun sour cultivar, D1: Deir Abi Said sour cultivar, k1: Kufur Soum sour cultivar, A2: Ajloun sweet cultivar, D2: Deir Abi Said sweet cultivar,

k2: Kufur Soum sweet cultivar.

gallic acid content is 2.5 ug/g, catechin is 19.0 ug/g, ellagic
acid is 26.5 pg/g, and vanillic acid is 2.1 ug/g for pomegranate
juice (PJ) among the other pomegranate tissues. The dif-
ference in phenol component and content among juice
samples may be related to the agronomic and genetic factors
or environment.

3.3. Enzymatic Assay

3.3.1. Alpha-Amylase Inhibitory Activity of Pomegranate
Juice. The inhibitory activity of alpha-amylase of different
pomegranate juice (PJ) samples from sweet and sour vari-
eties and different regions of Northern Jordan is shown in
Table 6. The results exhibit that the alpha-amylase inhibitory
activity of pomegranate juice (P]) samples significantly
varied from 64.95% to 439.84%. Al has the strongest in-
hibitory activity of alpha-amylase, and K2 was the weakest.
The A1 (439.8%), D1 (403.7%), and K1 (133.3%), which are
the sour cultivars, show the highest activity for alpha-
amylase inhibition among the sweet cultivars A2
(263.2%), D2 (173.15%), and K2 (64.95%).

3.3.2. ACE Inhibitory Activity of Pomegranate Juice. The
inhibitory activity of ACE of different pomegranate juice
(P]) samples from sweet and sour varieties of different re-
gions of Northern Jordan is shown in Table 6. The results
show that the ACE inhibitory activity of pomegranate juice
(P]) samples ranged from 45.65% to 91.03%. The highest
inhibition activity against ACE is shown by sweet variety D2
grown in Dair Abi Said, whereas Kufur Soum sour pome-
granate exhibits the lowest ACE inhibitory activity, and this
value has no significant differences with Ajloun sweet
pomegranate A2 (47.68%). Also, Al (66.39%) and K2
(66.37%) show no significant differences. Significant dif-
ferences are found between the sour variety and sweet ones
in the same region of growing, where the sour Dair Abi Said
and Kufur Soum pomegranate (D1 and K1) have a lower
ACE inhibitory activity than sweet ones D2 and K2,

respectively, but the sour Ajloun pomegranate shows higher
activity than the sweet Ajloun pomegranate.

4. Conclusions

We conclude in this study of physiochemical and nutra-
ceutical properties of sweet and sour pomegranate juice (PJ)
from different regions in northern Jorden (Ajloun, Dair Abi
Said, and Kufur Soum) that the sweet pomegranate juice (PJ)
has higher TSS, fructose, and glucose contents than the sour
ones, thus the sweet is more appropriate for juice con-
sumption, while the sour cultivars were more acidic, redder,
and darker than the sweet ones. Also, sour pomegranate
juice (P]) is higher in TPC, anthocyanin content, DPPH
activity, and activity for alpha-amylase inhibition which
indicates a good health property for the sour PJ. The alpha-
amylase and ACE inhibitory activity of both pomegranate
juice (PJ) cultivars exhibit good values which reflect the good
health properties of the PJ] in general. Pomegranate juice (PJ])
has high HMF content in general. Also, it has a high content
of ellagic acid, delphinidin, 3,4-dihydroxyphenethyl alcohol,
2-hydroxyphenethyl alcohol, catechin, epicatechin, vanillic
acid, caffeic acid, P-coumaric acid, chlorogenic acid, gallic
acid, ferulic acid, and syringic acid.
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The effects of high hydrostatic pressure (HHP) (400 MPa/2 min and 500 MPa/2 min) and thermal processing (TP) (90°C/2 min) on
the microorganisms, nutrition, color, endogenous enzyme activities, antioxidant capacity, and rheological properties of blended
apple-kiwi-carrot puree were comprehensively evaluated after processing and during storage at 4°C. Results showed the mi-
crobiological shelf life of the HHP or TP products was at least 24 days. TP inactivated polyphenol oxidase activity more effectively,
retaining more polyphenols in samples during storage, whereas HHP treatments were more beneficial for the preservation of
ascorbic acid, total carotenoids, S-carotene, and antioxidant capacity. During storage, there was no significant difference in PME
activity among all treated samples, but particle size distribution and viscoelasticity tests demonstrated that the 400 MPa treated
samples were more stable in their textures. Moreover, the principal component analysis (PCA) intuitively revealed that the overall
sensory and nutritional attributes of the HHP-treated samples were closer to the fresh product. These results demonstrated that

HHP could be a better choice than TP for use in the production of high-quality puree blends.

1. Introduction

Nowadays, fruit and vegetable purees have been popular as
ready-to-eat products on the market [1], especially for in-
fants and children, which are considered healthy, nutritious,
and convenient [2]. Moreover, the properly intake of fruits
and vegetables could provide dietary fiber and phyto-
chemicals and thus produce positive effects on preventing
obesity and chronic disease [1, 3]. However, the fact is that
most consumptive purees are made of concentrated juice,
essences, pigments, and other additives, while few are fresh
fruit or vegetable purees sterilized by classic thermal pro-
cessing (TP), such as strawberry puree [4], apple puree [5],
avocado puree [6], carrot puree [7], and tomato puree [8].
These mixed products do not conform to the trend of “clean
label,” which focuses on organic and natural raw materials
without artificial additives/ingredients [9]. In addition,

traditional TP treatments usually lead to deterioration of the
color, texture, flavor, and nutritional values of food products
[10-12].

High hydrostatic pressure (HHP) has been evaluated as
a burgeoning nonthermal processing technique, in which
the typical applied pressure operates from 200 to 800 MPa at
a low temperature of 5 to 35°C [13]. Lots of studies have
found that HHP does not break covalent bonds and has
a limited effect on low molecular mass food compounds,
such as polyphenols, vitamins, and flavor components
[14, 15]. Thus, compared with classic TP, HHP could delay
the deterioration of nutrition and sensory properties like
color, flavor, taste, and texture of food products, especially
for heat-sensitive materials like fresh fruit and vegetables
[14]. The better retention of antioxidant activity, total
phenol, anthocyanin, and ascorbic acid in strawberry and
blackberry purees treated by HHP has also been confirmed
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[16]. Also, HHP technology has been applied in many other
products like strawberry puree, blueberry puree, tomato
puree, and purple sweet potato nectar to prolong the shelf
life and maintain the original sensory and nutritional
properties [12, 17-19]. However, compared with a single
component puree, a puree blend with different combina-
tions of supplements can clearly provide more balanced
nutrients and a more diversified flavor and taste [20].
Therefore, the application of HHP in puree blend products
based on the concept of “clean label” displays a great market
prospect.

The main objective of this study was to compare the
impacts of HHP and classical TP treatments on the mi-
croorganisms, color parameters, phytochemicals, endoge-
nous enzyme activities, antioxidant capacity, and rheological
properties of the puree blends after processing and during
refrigerated storage for 24 days.

2. Materials and Methods

2.1. Preparation of Samples. In this study, the apple (Malus
domestica Borkh.) variety “Fuji,” kiwifruit (Actinidia chi-
nensis Planch.) variety “Chinensis,” and carrot (Daucus
carota L.) variety “Zhunong Qicun” were all purchased from
local market in Beijing (China). According to the results of
preliminary experiments, pieces of apples, kiwifruits, and
carrots were mixed in a mass ratio of 6:2:1 at room
temperature (25+2°C). The prepared puree was quickly
packed into PET bags (12 * 10 cm) and vacuum sealed and
then stored at 4°C before use.

2.2.  Chemicals. 2,2-Diphenyl-1-picrylhydrazyl (DPPH),
2,4,6-tri-2-pyridyl-1,3,5-triazine (TPTZ), 6-hydroxy-2,5,7,8-
tetramethyl-chroman-2-carboxylic acid (Trolox), and
Folin-Ciocalteu reagent were purchased from Sigma-
Aldrich (St. Louis, USA), nutrient agar and rose bengal
agar were obtained from Beijing Solarbio Co. Ltd., (Beijing,
China), and other chemicals were all provided by Beijing
Chemicals Co. (Beijing, China).

2.3. Sample Treatments. According to Zhang et al. [21], the
HHP-treated samples were placed in a HHP (CAU-30L,
Baotou Kefa Co., Ltd., Inner Mondolia, China) treatment
kettle, and the distilled water was used as pressure transfer
media (25+2°C). The pressurization rate was about
120 MPa/min and the depressurization was immediate
(<359).

The TP treated samples were placed in a water bath and
heated until the core temperature reached 90°C and kept for
2 min. All treated samples were quickly cooled in an ice bath,
and the untreated samples were used as control. All prepared
samples were stored at 4°C. During storage, samples were
tested at 0, 3, 6, 9, 14, 19, and 24 days.

2.4. Microbial Analysis. To count viable microorganisms in
samples, the total plate count method was followed
according to the method described by Xu et al. with some
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modifications [22]. Decimal dilutions of 10 g samples were
prepared in sterile 0.1% (w/w) peptone solution and then
homogenized for 2min. The colonies were counted after
incubation for 48+2h at 37°C for viable total aerobic
bacteria (TAB) and 72+2h at 27°C for viable yeasts and
molds (Y&M).

2.5. Analysis of pH, Total Soluble Solids (TSSs), and Total
Dietary Fiber (TDF). The pH and TSS values of the samples
were measured with a Thermo Orion 868 pH meter (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and a digital
Abbe refractometer (DR-A1, ATGO. Co., Ltd., Tokyo, Ja-
pan) at 25°C, respectively.

The content of TDF was determined according to AOAC
method of Prosky et al. [23] with some modifications. Dried
samples were sequential enzymatic digested by heat stable
a-amylase, amyloglycosidase, and protease to remove starch
and protein. Then, they were precipitated by ethanol and
filtered, and the residues were washed with ethanol and
acetone. Thereafter, the samples were dried, which were the
final total dietary fiber residues. Results were expressed as g/
100 g of dry weight.

2.6. Ascorbic Acid (AA) Analysis. Ascorbic acid was mea-
sured by the method of West et al. [24] with some modi-
fications. Weighed 10 g sample and made up to 100 mL with
metaphosphoric acid solution, and then 4 g of kaolin was
added to decolorize. After centrifuged at 11000 xg for 15 min
at 4°C, 10 mL of the supernatant was taken into a conical
flask. The titration was carried out with a calibrated 2,6-
dichloroindophenol solution until the solution turned pink
and did not fade within 15s, the blank test was also
performed.

2.7. Instrumental Color Assessment. Color assessment was
conducted according to Xu et al. [22] using a color mea-
surement spectrophotometer (Hunter Lab Color Quest XE,
Hunter Associates Laboratory, Inc., VA, USA) in the re-
flectance mode. Color was expressed in L*, a*, and b* values.
In addition, the total color difference (AE) was calculated
using the following equation, where L, a;, and by are the
values for the control samples:

AE=[(L' -1 + (@ —a))?+ (" -0 (D

2.8. Determination of Carotenoid Content

2.8.1. Total Carotenoids. The determination of total carot-
enoids was followed according to the method described by
Bunea et al. [25] with little modifications. Weighed 3 g
sample and mixed with 100 mL of acetone (containing 0.1%
BHT) and then extracted for 15min using an ultrasonic
equipment (SB-800DTD, NingBo Xinzhi Biological Tech-
nology Co., Ltd., Ningbo, China) under the condition of
60 W/30°C. Then, 100mL of 10% (w/v) KOH-methanol
solution was added into the extract solution and
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saponified in a shake table at 25°C for 3 h. Thereafter, an-
other 100 mL of petroleum ether was added, and the aqueous
phase was repeatedly extracted as above description. Finally,
the organic phases were combined, washed with water until
neutral, and then filtered, and the filtrate was placed in
a 250 mL round bottom flask and rotary evaporated to near
dryness at 40 £ 2°C. The residue was dissolved in n-hexane
and transferred into a 25mL volumetric flask. The extract
was measured for absorbance at a wavelength of 450 nm
using n-hexane as a control.

2.8.2. B-Carotenoid. The -carotenoid was determined using
the HPLC analysis described by Sdnchez-Moreno et al. [26].
The preparation of the -carotenoid extract was basically the
same as total carotenoid. For HPLC analysis, the C18 col-
umn was selected, in which the column length was 250 mm,
the inner diameter was 4.6 mm, and the particle size was
5um. The mobile phase was prepared by chloroform, ace-
tonitrile, and methanol in a ratio of 3:12:85, containing
0.4g/L ascorbic acid, and filtered through a 0.45um
membrane. The flow rate was 2.0 mL/min, the detection
wavelength was 450nm, the column temperature was
35+1°C, and the injection volume was 20 yL.

2.9. Determination of Total Phenol. The total phenol content
of the sample was determined by the Folin-Ciocalteu re-
agent method with slight modifications [21]. 10 g sample was
weighed and mixed with 20 mL of anhydrous methanol, then
extracted at 4°C for 30 min and centrifuged at 15,000 xg/4°C
for 10 min. Then, 0.1 mL of the supernatant was diluted to
0.4mL and mixed with 2mL of Forinol reagent diluted
10 times with ultrapure water. After kept at room tem-
perature for 1h in the dark environment, 1.8 mL of 7.5%
Na,COj; solution was added and reacted for 15 min. Finally,
the absorbance at 765nm was measured with a spectro-
photometer (UV1800, Shimadzu Co., Ltd., Kyoto, Japan),
and according to the calibration curve (Y=0.0111X + 0.0376,
R*=0.9939), the results were expressed in terms of mg
equivalent of gallic acid (GA) per 100 g of sample.

2.10. Enzyme Activity Assays: Polyphenol Oxidase (PPO) and
Pectin Methylesterase (PME). For PPO enzyme, the spec-
trophotometric method of Tan and Harris [27] was referred
and made some modifications. To obtain a crude extract so-
lution of polyphenol oxidase (PPO), 5 g sample was mixed with
30 mL of phosphate buffer extract (0.2mol/L, pH=6.5) and
then centrifuged at 10,000 xg for 10 min at 4’C after kept at 4°C
for 1h. The abovementioned clear liquid was taken as crude
PPO solution and mixed with equal volume of 0.07 mol/L
catechol solution (prepared with 0.2 mol/L phosphate buffer
with pH =6.5). The absorbance value was immediately mon-
itored at 420 nm for 5min, and the slope of the straight-line
part of the curve was used as the activity of PPO and the results
were expressed as relative residual activity.

The activity assay of pectin methylesterase (PME) was
performed as described by Kimball [28] with slight modi-
fications. A total volume of 60mL of pectin solution

(0.1 mol/L NaCl) was taken into a beaker of a circulating
water bath at 30 +2°C, then 0.03 mol/L NaOH was added
with an 842 Titrando automatic potentiometric titrator
(Metrohm Ltd, Herisau, Switzerland) until the pH reached
7.0. Then, 5.0 mL of crude PME solution was added. During
the hydrolysis of the crude PME solution, the automatic
potentiometric titrator was used to add 0.03 mol/L NaOH to
maintain the pH at 7.5. Finally, the amount volume of
0.03 mol/L NaOH added within 30 min was recorded. The
activity of PME was defined as the number of moles of acid
produced per minute by PME at pH 7.5, and the results were
expressed as relative residual activity.

2.11. Determination of Antioxidant Capacity

2.11.1. DPPH Radical Scavenging Activity. The method of
Zhang et al. [21] was referred with minor modifications.
Sample extract (100 4L) was pipetted and added into 4 mL of
DPPH solution (0.14 mM). After incubation for 45 min at
room temperature in the dark, the absorbance was measured
at 517 nm. Meanwhile, 100 uL of methanol was used as blank
control. The concentration of Trolox equivalent to the
clearance obtained was calculated in mmol TE/kg according
to the calibration curve (Y=0.7967X +0.07, R =0.9923).

2.11.2.  Ferric-Reducing  Antioxidant Power (FRAP).
Sample extract (100 uL) was mixed with 4mL of TPTZ
working solution (prepared from 0.3 mol/L acetate buffer,
which pH was 3.6, 10 mmol/L TPTZ solution and 20 mmol/
L FeCl; mixed in a volume ratio of 10:1:1). After incubation
at 37°C for 10 min, the absorbance at 593 nm was measured.
The results were calculated according to the calibration
curve (Y=1.159X — 0.0062, R*=0.9944) and expressed in
Trolox equivalents in mmol TE/kg.

2.12. Particle Size Distribution. The particle size distribution
of the sample was measured using a laser particle size an-
alyzer (LS230, Beckman coulter, Inc., Florida, USA). A large
particle size measurement mode was selected, and the
scattered light intensities of the sample particles were
measured under laser diffraction at a wavelength of 750 nm.
The volume-weighted average particle size (D [4, 3]) in the
result report was used for further analysis, which is widely
used to characterize the shape and size of particles.

2.13. Rheological Properties. The sample was equilibrated at
25°C for 30 min and measured using a theometer (AR1000,
TA Instrument Co., Ltd, New Castle, DE, USA). All
measurements were performed on a 40 mm diameter flat
plate at 25°C. For the determination of dynamic rheological
properties, the stress amplitude was fixed at 1.5 Pa, and the
oscillation angle frequency was varied from 0.1 to 10 rad/s in
the linear viscoelastic interval.

2.14. Statistical Analysis. All test results were expressed as
mean +S.D. To ensure the reliability of the experimental
results, all experiments were operated with 3 biological and 2



technical replicates, except for a special explanation. The
principal component analysis (PCA) was conducted using
an online tool (http://www.metaboanalyst.ca) according to
Yang et al. [29]. Data were analyzed with one-way analysis of
variance and Tukey multiple comparison test, in which
P <0.05 showed significant difference.

3. Results and Discussion

3.1. Microbiological Analysis. The counts of TAB and Y&M
in the HHP and TP treated samples during storage are
shown in Table 1. The initial counts of TAB and Y&M in
untreated samples were 4.45 and 3.16 log;o CFU/g, re-
spectively. After treatment by HHP or TP, the counts of TAB
and Y&M in all samples were kept lower than the detection
limit (<1 CFU/g). During storage, there were no Y&M was
detected in all samples. Furthermore, the counts of TAB in
90°C/2 min, 400 MPa/2min, and 500 MPa/2min treated
samples were gradually increased until the 9th day and
increased to 1.66 log;o CFU/g, 1.65 log;o CFU/g, and 1.58
log;o CFU/g, respectively. Researchers also found that HHP
and TP treatments could availably inhibit the microor-
ganism growth in a mixed juice blend during the refrigerated
storage of 12 days [20]. As the storage time prolonged, the
damaged (sublethal state) or viable but nonculturable bac-
teria might restored, which caused the increase of TAB in the
samples [30]. Compared with TP treatment, HHP treatment
led to obvious decreases in the pH, which was beneficial to
the preservation of samples. Similar results also occurred in
HHP treated Valencia orange juice [31]. The pH of all
samples increased slightly during storage, which might be
related to the degradation of organic acids such as ascorbic
acid. However, since the pH was kept lower than 4.1, the
microbial growth in the samples was effectively inhibited. At
the end of storage, the count of TAB did not exceed 2.0
log;o CFU/g and no Y&M was detected, which suggested
that HHP treatment could ensure the microbial safety of the
samples at least for 24 days at 4°C.

3.2. TSS, TDF, Ascorbic Acid, Total Phenol, and Carotenoids.
The effects of HHP and TP treatments on the phyto-
chemicals of the samples during storage are shown in
Figure 1. After treatment and during the whole storage, there
were no obvious changes in TSS were found in all treated
samples, which indicated that the HHP treatment could well
maintain the content of TSS in the samples (Figure 1(a)).
Similar results in TSS content of cantaloupe puree treated by
300-500 MPa/5min during refrigerated storage were re-
ported by Mukhopadhyay et al. [32].

At day 0, the TDF of TP treated samples showed a sig-
nificant increase, but there were no significant changes in
HHP-treated samples (Figure 1(b)). TP treatment could
produce some Maillard products, which were also analyzed
as lignin and thus increased the apparent fiber content and
color deterioration of the samples. Considering that the
PME activity was not efficiently inactivated, the changes in
TDF content could be related to the solubilization and
fragmentation of carbohydrate polymers associated to plant
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cell walls causing the transformation of the different forms of
dietary fibers present in the materials [33].

According to Figure 1(c), at day 0, the AA content of
samples decreased greatly from 0.82 to 0.55mg/100 g after
TP treatment but was well maintained to 0.83 mg/100 g and
0.75mg/100g after 400 MPa/2min and 500 MPa/2 min
treatments, respectively. During storage, the content of AA
in all treated samples significantly decreased with the pro-
long of storage time. At the end of storage, the AA content
decreased by 75.6%, 69.5%, and 71.9% in the TP, 400 MPa/
2min, and 500 MPa/2 min treated samples, respectively. In
comparison, the HHP treatment seemed to preserve more
and show better stability of AA than TP treatment. More-
over, HHP treatments (400~600 MPa/5~10 min) were better
for AA retention at room or lower temperature compared
with TP, and the AA content of food products after HHP
treated generally showed a higher stability during cold
storage [34, 35].

The changes in the total phenol content of the sample
during storage were shown in Figure 1(d). At day 0, the total
phenolic contents of treated samples were all significantly
decreased than the untreated samples. Another study re-
ported similar decreases after 450~550 MPa/5 min for to-
mato puree and 70°C/30s treatment for tomato juice [18].
Furthermore, the total phenolic contents of the HHP treated
samples were significantly lower than that of the TP treated
ones, which was in accordance with the results of PPO for it
is supposed to be the main enzyme responsible for phenol
oxidation and degradation [36]. During storage, the total
phenolic content of treated samples increased significantly,
which was in agreeing with the result of HHP-treated
strawberry syrup during 30days [30]. Also, this result
might be attributed to the enhanced permeability of the cells
after HHP or TP treatment, which caused the slowly elute of
phenolic substances from the cells and resulting in a mea-
sured increase in the total phenol content [16].

Figures 1(e) and 1(f) show the changes of total carotenoids
and B-carotene content in the samples during the 24 days of
storage. Both HHP and TP treatments resulted in no significant
change in the content of total carotenoids and f-carotene in the
samples. During storage, the content of total carotenoids and
p-carotene in all treated samples displayed continuously de-
crease, but the HHP-treated samples decreased more slowly
than the TP treated samples. At the end of storage, the total
carotenoids and S-carotene content decreased by 28.7% and
39.7% in the TP-treated samples, by 25.9% and 36.6% in the
400 MPa/2 min treated samples, and by 24.6% and 35.2% in the
500 MPa/2 min treated samples, respectively. Clearly, com-
pared with the TP, HHP performed better in the preservation
of carotenoids, which was in accordance with the results of
Andrés et al. [37]. They found similar less decreases in the
content of B-carotene and total carotenoids in the HHP-treated
mixed orange smoothies (450 MPa/3 min) during storage of
45 days, compared with the TP-treated samples (80°C/3 min).

3.3. Color Measurements. As shown in Table 2, at day 0,
there were no significant differences of L*, a*, and b* values
between the treated and untreated samples. However, the AE
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TaBLE 1: Variations of total aerobic bacteria (TAB) and yeasts and molds (Y&M), and pH values in puree blends after processing and during

storage.
Stora(gde) time Control TP 400 MPa/2 min 500 MPa/2 min
0 4.45 +0.45 ND ND ND
3 — ND ND ND
6 — ND ND ND
TAB (log,o CFU/g) 9 — ND ND ND
14 — 1.22 +0.07° 1.23+0.21° 1.19+0.20°
19 — 1.45+0.05° 1.46 +0.15% 1.44+0.13*
24 — 1.66 +0.10° 1.65 +0.08° 1.58 +£0.03"
0 3.16+0.62 ND ND ND
Y&M (log;, CFU/g) 324 - ND ND ND
0 3.98+0.01 3.99+0.01 3.89+0.02°° 3.88+£0.02%°
3 — 3.92+0.02¢ 3.93+0.03" 3.89+0.01°
6 — 3.95+0.01° 4.00 +£0.02° 3.94+0.02°
pH 9 — 3.91+0.01¢ 3.91+0.01° 3.90 +0.02°
14 — 4.03+0.01* 4.01+0.01° 4.02+0.01°
19 — 3.95+0.01° 3.99+0.01° 4.04 +0.02°
24 — 4.07 +0.01* 3.97 +0.02° 4.08 +0.02°
Note. “—,” the samples were not tested due to spoilage; “ND,” not detected (<1 CFU/g); all data were means + SD, n =6; values with different uppercase

(lowercase) letters within one row (column) were significantly different (p <0.05).
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FiGure 1: The content of total soluble solid (a), total dietary fiber (b), ascorbic acid (c), total phenol content (d), total carotenoids (e), and
p-carotene (f) in puree blends after processing and during storage.

TaBLE 2: The color parameters of puree blends after processing and during storage.

Storage time

@ Control TP 400 MPa/2 min 500 MPa/2 min
0 39.46 + 1.574 40.80 + 1.774P 38.96 + 1.494%¢ 38.89 + 0.244b¢
3 — 40.92 +1.34° 38.80 + 1.45"° 39.12 +0.99"°
6 — 40.24+1.82° 39.63 +1.41° 39.26 +1.50°
L* 9 — 4420+ 1.94° 44.36 +0.60° 4329 +0.32°
14 — 39.54 +0.24° 38.62 +0.44"° 37.47 +0.63°
19 — 40.75 +1.53° 37.55 +0.83¢ 38.31+0.31%
24 — 40.07 + 0.40° 39.47 +0.56" 39.82 +1.36°
0 8.17 +0.69* 9.05+0.874% 8.34 + (.76 7.77 +0.204%°
3 — 8.51 +0.68° 8.03 +0.82 8.38+0.70%
6 — 8.24+0.97° 8.59 +0.72%° 8.00 + 1.08*>
a* 9 — 8.92 +1.92° 9.31+0.78% 9.22 +0.36°
14 — 7.41 +0.41° 8.02 +0.28"° 7.01 +0.10°
19 — 8.86 +1.01° 719+ 0.67° 7.71 £0.27°
24 — 8.94+0.15° 8.38 +0.30%% 8.85+1.12%
0 16.03 +1.85% 17.52 + 2,452 15.26 +1.434% 14.94 +0.28*
3 — 17.65+ 1.18° 16.10 + 1.47° 16.29 +0.92*
6 — 15.56 +2.26% 1519 +1.71° 14.11 +1.65%
b* 9 — 15.13 +3.92%¢ 15.62 +2.16° 15.65 + 1.69°
14 — 12.76 + 0.45° 12.78 +0.32° 11.84+0.23°
19 — 14.64 + 1.73%¢ 11.92+1.13° 11.99 + 0.63°
24 — 14.84 +0.26° 14.44 + 0.65° 16.00 + 1.94%
0 0 5.09 + 0.66™* 2.50 + 0.475b<d 1.86 +2.01%4
3 — 230+ 1.21% 0.76 +0.28¢ 1.10+0.20¢
6 — 3.69 £2.37°¢ 2.46 +0.63% 3.21 +0.68%"<4
AE 9 — 5.76 + 1.74* 526+ 1.21% 5.09 +0.61°
14 — 3.53+1.73%¢ 3.45+1.90%% 4.78 +2.20°°
19 — 2.05+0.26° 4.65+1.75® 4.33+1.80%"¢
24 — 2.73 +1.09% 1.90 +1.28% 2.22 +1.34%4
Note. “—,” the samples were not tested due to spoilage; all data were means + SD, n = 6; values with different uppercase (lowercase) letters within one row

(column) were significantly different (p <0.05).

more visible chromatic aberrations than the HHP treat-
ments. The treatment of TP could cause browning reactions
more easily and produce some Maillard products [38], which

value of TP-treated sample was 5.09 +0.66, more than the
critical value of 2.0 and significantly greater than the HHP-
treated ones, which meant that the TP treatment induced
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could explain why the higher AE value appeared in the TP-
treated samples and was consistent with the above-
mentioned results of TDF. During storage, the L*, a*, and b*
values of all treated samples showed fluctuations, but there
were no significant differences within the group. As for the
AE value, all treated samples showed significant increases at
day 9 but no significant changes during the whole 24 days of
storage. The increase of AE value at day 9 may be due to the
significant increase of L* value; Wang et al. [39] found
a similar relevance when the purple sweet potato nectar was
treated by HHP and stored at 4°C or 25°C. In conclusion, the
HHP-treated samples exhibited better color stability than
the TP-treated ones.

3.4. PPO and PME Activity. The effects of HPP and TP
treatments on the activity of PPO and PME in the samples
were shown in Figures 2(a) and 2(b). After treated at
400 MPa/2 min or 500 MPa/2 min, the PPO activity in the
samples decreased to 64.54% and 56.57%, respectively, while
that of the TP samples decreased to 38.05% (Figure 2(a)).
HHP treatment could only do damage to the partial sec-
ondary bonds inside the protein, such as hydrogen bonds
and hydrophobic bonds, and researchers already reported
the pressure resistance of PPO at low temperature [40].
However, due to heat effects, thermal processing always
exhibited better inhibition of enzymes in puree [38]. During
the storage, the PPO activity of the treated samples decreased
significantly. At day 24, the PPO activities of the 400 MPa/
2min and 500 MPa/2 min treated samples exhibited a de-
crease to 16.66% and 13.46%, respectively, while that of the
TP samples decreased to 6.81%. These results meant that the
HHP inhibited less PPO activity in the samples than TP
treatment, which could explain the lower content of total
phenol contents in HHP treated samples during storage.

At day 0, compared with the untreated sample, the
activity of PME in the TP and 400 MPa/2min treated
samples reduced significantly, while showing no differences
in the 500 MPa/2 min treated samples (Figure 2(b)). During
storage, the PME activities in all treated samples were
gradually reactivated in the initial 6 days of storage and
reached the highest values, thereafter, decreased again, but
there was no significant difference between HHP- and TP-
treated samples. The PME activity in Valencia orange juice
treated at 600 MPa/1 min showed similar results during
12 weeks of storage at 4°C which attributed to the variation
content of pulp in the samples [31].

3.5. Antioxidant Capacity. As shown in Figures 2(c) and
2(d), the DPPH removal ability of all treated samples oc-
curred with slight decreases compared with the untreated
samples at day 0, but there were no obvious differences
among the HHP- and TP-treated samples. Moreover,
500 MPa/2 min treated samples demonstrated higher FRAP
reduction ability than TP or 400 MPa/2 min treated ones and
displayed no significant difference in comparison with
untreated samples. During 24 days of storage, the antioxi-
dant capacity of all treated samples decreased slowly, and the
FRAP antioxidant capacity of TP-treated samples was

significantly lower than HPP-treated purees. The decrease in
total antioxidant capacity may be the result of a combination
of a reduction in total phenolic, ascorbic acid, and carotene
levels in the samples. It has been proven that the DPPH
removal capacity and FRAP reduction ability of fruit and
vegetable products are highly correlated with the content of
ascorbic acid and total phenol [37, 39, 41], while carotenoids
are usually considered with strong antioxidant capacity.

3.6. Particle Size Distribution. In view of the particle di-
ameters of all samples were distributed in a large range of
values, the volume mean diameters of D [4, 3] values were
chosen for further analyzation as shown in Table 3. It could
be seen that the D [4, 3] value of samples after treated
decreased at day 0, and HHP treated samples showed less
decrease compared with TP-treated ones. Due to the in-
effective inhibition of PME, the decrease of particle diameter
after processed might be caused by the depolymerization and
degradation of the long molecular chains of the original
pectin [42]. The particle diameters of all treated samples
manifested volatility within a certain range during re-
frigerated storage, but the samples treated under 400 MPa/
2 min seemed to be more stable. Similar better stability was
obtained when treated with banana puree at 500 MPa/
10min compared to TP treatment at 90°C/2 min during
30 days of refrigerated storage [43].

3.7. Rheology Properties. As shown in Figure 3, at day 0, the
G’ and G” values of samples decreased after processed at
400 MPa/2 min or TP but increased in the 500 MPa/2 min
treated samples, compared with the untreated samples. The
viscosity decrease of samples might be related to the particle
size reduce in results of D [4, 3] for the larger and irregular
particle always causing a higher hindrance to flow [44], and
the increase could be attributed to the compacting effects, or
protein-tissue coagulation under HHP [45]. During the
refrigeration period, the samples treated at TP or 500 MPa/
2 min reached the highest G’ and G” values on the 3rd day of
storage (Figures 3(b) and 3(d)), while 400 MPa/2 min
treatment delayed this kind of change and reached the peak
values on the 6th day (Figure 3(c)). These results were
basically in accordance with the results of PSD and D [4, 3].
Since the PME was not effectively inhibited or even acti-
vated, the produced soluble pectin could bind Ca** ions to
form water-retaining gelatinous structures [45], so the
overall viscoelasticity of the system was enhanced. Sub-
sequently, the residual PME activity causes the continuous
degradation of macromolecules such as pectin and poly-
saccharides, eventually leading to a decrease in G’ and G”
values again.

3.8. Correlation and Principal Component Analysis (PCA)
Analysis. The linear dependence among antioxidant com-
pounds, endogenous enzyme activity, and antioxidant ca-
pacity of TP or HHP treated samples are shown in Table 4.
The content of AA, total carotenoids, and f3-carotene all
showed an extremely significant correlation (p < 0.001) with
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FIGURE 2: The antioxidant capacity of DPPH (a) and FRAP (b) and the relative residual activity of PPO (c) and PME (d) of puree blends after

processing and during storage.

TaBLE 3: The particle parameters of D [4, 3] values of the puree blends after processing and during storage.

Storage time

) Control TP 400 MPa/2 min 500 MPa/2 min
0 906.93 +19.56* 813.70+17.73° 828.40 +9.02% 851.50 + 10.60™"
3 — 846.20 + 6.24" 851.20 + 15.65% 850.20 +2.75°
D [4, 3] 6 — 815.23 +15.17° 847.93 +10.64° 852.30 +17.27°
’ 9 — 783.43 +9.30° 826.70 + 17.94° 793.93 +7.81°
19 — 830.77 £2.76* 831.90 +4.00° 907.10 +4.98°
24 — 839.37+3.32% 817.07 +£5.96° 841.40 +12.57°
Note. “—,” the samples were not tested due to spoilage; all data were means + SD, n = 6; values with different uppercase (lowercase) letters within one row

(column) were significantly different (p < 0.05).

the FRAP reduction ability of samples. None of the four
phytochemicals displayed a linear correlation with DPPH
removal capacity because the DPPH method was sensitive to
all antioxidant components and thus affected by the opposite
changes in total phenolic content during storage. Total
phenolic content was significantly negatively correlated with

PPO enzyme activity and all phytochemicals showed sig-
nificant correlation with color parameters, which was
consistent with the existing conclusions. These results in-
dicated that the retention of phytochemicals after processing
and during refrigeration greatly affects the preservation of
the original color and antioxidant capacity of the sample.
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FiGUrE 3: The storage modulus (G') and loss modulus (G") of puree blends after processing and during storage ((a) samples at day 0; (b)

90°C/2 min; (c) 400 MPa/2 min; (d) 500 MPa/2 min).

The quality parameters are used for PCA analysis to better
understand the comprehensive impact of HHP and TP
treatment on samples. The projected canonical plots of com-
posite puree samples with various treatments are illustrated in
Figure 4. The intercorrelation between the control and HPP
treated samples was observed, whereas the traditional thermal
treated samples were highly discriminated from them (Fig-
ure 4). The first two principal components clearly explained the

variation and cumulatively accounted for 98.7% of the total
variance. In the Y-axis direction, the control sample was
completely separated from the TP sample, while there was an
intersection with the HHP sample. Moreover, the HHP sample
overlapped with the TP sample in the X-axis direction. This
indicated that although HHP samples displayed some simi-
larities with TP samples; overall, their attributes were still much
closer to those of untreated samples.
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TaBLE 4: Correlation analysis among phytochemicals, color parameters, antioxidant capacity, and endogenous enzyme activity of puree
blends subjected to high hydrostatic pressure (HHP) or thermal processing (TP).

AA  TPC Total g carotene a* b* DPPH FRAP  PPO  PME
carotenoids

AA 1 —0.64*** 0.86*** 0.85*** 0.47***  0.36** —0.44*** -0.06 0.89*** 0.93*** 0.27*
TPC 1 -0.60*** -0.61*** -0.35**  -0.30" 0.43*** 0.08 -0.67***  —-0.69"** -0.11
Total carotenoids 1 0.98*** 0.57*** 0.56*** -0.53***  0.03 0.88*** 0.91*** 0.28*
p-carotene 1 0.50***  0.53*** —0.60*** 0.05 0.88*** 0.92%** 0.30*
L* 0.66*** 0.28* -0.08 0.34** 0.38** -0.20
a* 1 -0.06 0.36** 0.31* 0.39** 0.22
b* 1 -0.05 -0.58*** -0.65*"** -0.37**
DPPH 1 0.08 -0.11 0.34**
FRAP 1 0.89*** 0.33**
PPO 1 0.27*
PME 1

Note:“*,” “**”and “***” means significant at p <0.05, p<0.01, and p <0.001, respectively.

Scores Plot
60 -
40 +
8
&
2] &%
@ &
g 2
5 01 £°s
a
o
2 20 - g
@
]
-40 4 8
&
-60 4
T T T T T T T
-800 -600 -400 -200 0 200 400
PC1(96.4 %)
O Control O H500
O H400 TP

FIGURE 4: Principal component analysis (PCA) between high
hydrostatic pressure (HHP) treatments and thermal processing
(TP) of puree blends (TP: 90°C/2 min; H400: 400 MPa/2 min; H500:
500 MPa/2 min).

4., Conclusion

HHP and TP treatment could both ensure the microbio-
logical safety of the apple-kiwi-carrot puree blend for at least
24 days when stored at 4°C. Compared with the TP treat-
ments, the HHP treatments were more beneficial to the
preservation of AA, carotenoids, and antioxidant capacity of
samples. Moreover, the particle diameters of samples treated
under 400 MPa/2 min seemed to be more stable. These re-
sults revealed that HHP treatment could preserve more of
the original quality of the samples, while there was a sig-
nificant difference in the overall sensory and nutritional

properties between TP and control samples. In summary, the
HHP technology could be a good alternative to apply in the
puree blend and showed a vast potential for guaranteeing the
high quality and nutritive value of fresh materials. Also,
HHP might perform better if other technologies, such as
natural inhibitor addition, were combined to inactivate the
activity of endogenous enzymes for actual commercial ap-
plications in the future.
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