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Abstract Cold pressing technology is a new technology

using during the apple juice processing, which involved

peeling and deseeding of apples at low temperature. The

phenolics of apple juice, apple vinegar and apple pomace

generated by cold pressing and traditional process were

investigated. The results showed that the total phenols and

flavanols of cold pressing apple juice were lower than those

of traditional process. The total phenols content of peel

pomace extract was significantly higher than that of the

pulp pomace by almost tenfold, which showed that the

peels and seeds were valuable sources of phenolic com-

pounds. The total phenols of apple vinegars were signifi-

cantly different. The predominant compounds in apple

products were phloridzin and chlorogenic acid, while the

apple pomaces based on cold pressing technology had

significantly high content of phenolic compounds, indi-

cating that the cold pressing technology could facilitated

the use of apple pomace for bioactive compounds.

Keywords Apple � Phenolic compound � Cold pressing �
Apple production

Introduction

Apple is one of the most commonly consumed fruits

worldwide, and it is beneficial to human health (Antal et al.

2015; Markowski et al. 2015) thanks to the sugar, sugar

alcohol, organic acid, amino acid and phenolic compounds

(Maragò et al. 2016; Pires et al. 2018; Zielinski et al. 2014).

Apple polyphenols have been reported to have various

physiological functions including in vivo and clinical

antiallergic activity (Heinmaa et al. 2016), in vivo anti-

caries activity, and in vitro and in vivo inhibitory activity

against some enzymes and receptors (Yanagida et al.

2000). In addition, apple and apple production are impor-

tant source of bioavailable polyphenols, which contribute

to the antioxidant activity and anti-proliferation activity

(Silva et al. 2015).

Apple polyphenols are widely common secondary

metabolites of plants and fruits, play an important part in

the sensory characteristics of fruit and fruit wine, particu-

larly the color (Le Deun et al. 2015), aroma, bitterness,

astringency and mouth feel (Alberti et al. 2017; Laaksonen

et al. 2017; Ye et al. 2014). They are generally recognized

as the main determinants of the biological activities of

apples. Apple is one of the best source of antioxidant and

phenolic compounds, including quercetin, catechin, phlo-

rizdin and chlorogenic acid (Pires et al. 2018; Raudone

et al. 2016). The leading polyphenols in apple juice are

chlorogenic acid, caffeic acid, p-coumaric acid, ferulic

acid, catechin, epicatechin, procyanidines (B1, B2, trimer

C1), rutin and phloridzin (Guo et al. 2013; Verdu et al.

2013). Herrera Alvarez et al. (2017) have informed that

vinegars usually have the higher content of polyphenols,

including phloridzin, chlorogenic acid, caffeic acid, gallic

acid, catechin and so on. It is worth mentioning that apple

pomace has long been recognized as a valuable material for
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nutritional, pharmacological and cosmetic purposes

because of its dietary fiber and polyphenols (Leyva-Corral

et al. 2016; Sudha et al. 2016). Apple pomace contains over

60 different phenolic compounds (Zhang et al. 2016),

which means the apple pomace has a broad application

prospect.

Furthermore, different processing technology has a great

effect on apple production (Markowski et al. 2017). Cold

pressing or cold extraction is a new technology during the

apple juice concentrates processing, which has a consid-

erable impact on product quality. It uses cold crushing

equipment to remove peel, stalk and seeds in the initial

stage, and then breaks the apples at low temperature

without preheating. Compared with the traditional process,

cold pressing is an optimized technology by prevention of

heat and oxidative damages on antioxidant components.

The cold pressing not only can reduce the activity of pulp

polyphenol oxidase, peroxidase and the pesticide residues

in apple juice, but also make the oxidative browning due to

the enzymatic browning lower, and thus remain the original

color of apple puree. In addition, the cold pressing tech-

nology can greatly simplify the process of the subsequent

use of pomace.

Apple industry is one of the most competitive industries

in northwest of China, and lots of apples are processed into

juices or juice concentrates, ciders, vinegars and dried

products. Apple juice and concentrates are the most

important and traditional processed products; vinegar is

one of the most popular beverages in China. Meanwhile,

large quantities of apple pomace are accumulated each year

in course of apple juice, cider and vinegar production as

agro-industrial by-products. The objective of this study was

to investigate the polyphenolic profile of apple juices,

ciders and pomace under the cold pressing technology and

traditional process.

Materials and methods

Chemicals

The following chemicals were supplied from the indicated

sources: catechin, epicatechin, epicatechin gallate, epigal-

locatechin gallate, quercetin, rutin, caffeic acid, ferulic

acid, chlorogenic acid, p-coumaric acid, vanillic acid,

gallic acid, gentisic acid, salicylic acid, resveratrol, phlo-

rizin (all purchased from Sigma, USA). Acetonitrile

(Spectrum Corporation, USA); Saccharomyces cerevisiae

(Angel Yeast Co., Ltd.), acetic acid bacteria powder

(Shanghai stuffed 1.01 No. acetic acid bacteria); Methanol

(HPLC grade); acetic acid, ethyl acetate, Folin reagent,

Na2CO3 (Tianjin Tianli).

Preparation of apple juice samples

The Fuji apples were harvested in the Experimental

Orchard of the Northwest University of Agriculture and

Forestry (Liquan, China).The scale for each was 1000 kg;

the apple juices were divided into cold pressing apple juice

and traditional process apple juice.

Traditional process apple juice Apples were washed by

internal spray after handpick steps. Then apples were

transported to a hammer mill (Kean, Wu Xi, China)

equipped with a screen of 9 mm diameter mounted in the

bottom of the mill. These purees were crushed through the

continuous belt filter-press (Kean, Wu Xi, China), and thus

the juices were separated from the pulp. The dosage of

200 mg/L ascorbic acid was used for oxidation inhibition.

The juice was heated to 90 �C in a steam-heated tube heat

exchanger and cooling down. A total of three samples of

juice were collected at the end of tube with intervals of

10 min between each sample.

Cold pressing apple juice Apples were washed by

internal spray after handpick steps. Apples were then

transported to cold crushing equipment equipped with

cooler of ice water. The apples were peeled off, deseeded at

low temperature, and the apple pulp was separated. The

pulps were crushed through the continuous belt filter-press

(Kean, Wu Xi, China). The dosage of 200 mg/L ascorbic

acid was used for oxidation inhibition. The juice was

heated to 90 �C in a steam-heated tube heat exchanger and

cooling down. A total of 3 samples of juice were collected

at the end of tube with intervals of 10 min between each

sample.

All fruit juices were frozen at - 20 �C until use. In all

cases, samples were centrifuged at 10,000g at 10 �C during

10 min in a Sigma 3K 30 centrifuge (Osterode, Germany)

to remove any solid residue. Supernatants were filtered

before analysis with 0.45 lm mesh filter.

Preparation of apple pomace

In this experiment, the apple pomace was provided by cold

pressing technology. Based on the cold pressing technol-

ogy, the flesh was the edible portion of the apple without

the peel and seed; the pomace (peel and seed) were the

parts of the apple removed by the apple parer through cold

pressing process. The pulp and pomace were dried at 60 �C
for 48 h until it reached a constant weight. Dry peel was

reduced to a 40 mesh particle size, and then was frozen at

- 40 �C.

Dry pulp and pomace samples (5 g) were ground in

10 mL of 70% methanol containing 2% formic acid, sep-

arately. Another 10 mL of extraction solution was used to

wash the mortar and pestle and Combined with the first

homogenate. Then the mixture was transferred into an
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Eppendorf tube. After being shaken at 30 �C for 30 min in

a thermo mixer at 1000 rpm, the combined homogenate

was centrifuged at 10,000g for 10 min. The supernatant

was filtered through a 0.45 lm syringe filter prior to

analysis.

Apple cider vinegar

Seven kinds of apple cider vinegar were chosen in this

experiment. Fresh apple cider vinegar (V1) and concen-

trated apple cider vinegar (V2) were made in our labora-

tory, and samples were made from the same quality of raw

material apple juice. And other common vinegars were

selected from the local market, which were Rauch apple

cider vinegar (V3), Sempio apple vinegar (V4), Dongkang

apple cider vinegar beverage (V5), Health Road apple cider

vinegar beverage (V6) and Guoran apple vinegar drink

(V7).

Total phenolic content (TPC), total flavanol content

(TFA) and total flavonoids content (TFO) of apple

products

Total phenolics were determined using the Folin–Ciocalteu

assay (Ganesan et al. 2008; Iora et al. 2015). The reaction

mixture was prepared by mixing 100 lL extract with 7 mL

water and 1.5 mL of 20% Na2CO3 in 10 mL tubes. The

mixture was allowed to stand for 1 min at room tempera-

ture followed by the addition of 0.5 mL of Folin–Ciocal-

teu’s phenol reagent. After 60 min incubation at room

temperature in the dark the absorbance was measured at

765 nm and the results were expressed in gallic acid

equivalents (GAE).

The amount of total flavonoids was determined

according to a previously described protocol (Kim et al.

2003). Absorbances were measured at 510 nm. Results

were expressed as catechin equivalents (mg/L of CTE).

Catechin standard solutions were prepared at a concentra-

tion ranging from 6.25 to 300 mg/L.

The amount of total flavanol was estimated using the

slightly modified p-dimethylaminocinnamaldehyde

(DMACA) method (Li et al. 1996; Xu et al. 2010).

Absorbances were measured at 640 nm. Results were

expressed as catechin equivalents (mg/L of CTE). Catechin

standard solutions were prepared at a concentration ranging

from 6.25 to 200 mg/L.

Free radical-scavenging ability (DPPH)

The ability for apple products to scavenge DPPH free

radicals was determined. Scavenging activity was based on

the slightly modified method (Li et al. 2009; Maragò et al.

2016). Briefly, 0.1 mL of extract was added to 3.9 mL of a

6 9 10-5 M solution of DPPH in methanol. A control

sample containing the same volume of solvent in place of

extract was used to measure the maximum DPPH absor-

bance. After the reaction was allowed to take place in the

dark for 20 min, the absorbance at 515 nm was recorded to

determine the concentration of remaining DPPH. The

percentage inhibition of initial concentration of DPPH

radical was calculated as: % inhibition = [(ADPPH-

- Awine)/ADPPH] 9 100. Results were expressed as Tro-

lox equivalent antioxidant capacity. Trolox standard

solutions were prepared at a concentration ranging from 0

to 1200 M/L.

HPLC analysis of phenolic fractions

All analyses were conducted using high performance liquid

chromatography. The analyses were carried out using a

Waters XBridgeTM Shield RP18 (4.6 * 250 mm, 3.5 lm).

The column temperature was 30 �C. Gradient elution sys-

tem was applied, using a mobile phase comprised of

(A) 98% (v/v) acetonitrile containing 2% (v/v) glacial

acetic acid, and (B) 2% (v/v) glacial acetic acid.

The elution gradient was from 5 to 15% A for 60 min,

15% A for 5 min, from 15 to 20% for 1 min, 20% A for

7 min, from 20 to 30% for 1 min, 30% A for 6 min, from

30 to 40% for 1 min, 40% A for 12 min, and from 40 to 5%

A for 2 min, with a flow rate at 0.8 mL/min. The injection

volume was 20 lL, and the detection wavelength was

280 nm and 320 nm.

Statistical analysis

All data were reported as mean ± standard deviation of

three replicates. Statistical analyses were performed by

DPS v 7.05 for Windows. Principal component analysis

(PCA) (software SPSS v19.0) was applied to separate the

products according to phenolic composition and antioxi-

dant activity.

Results and discussion

TPC, TFO and DPPH of apple juice

The comparisons of concentrations of total phenolic, total

flavonoid and DPPH scavenging activity present in tradi-

tional process and cold pressing apple juices are reported in

Table 1. Significant differences were observed between

traditional process apple juice and cold pressing apple

juice. The results presented in Table 1 indicated that the

TPC of the traditional process apple juice was

307.3 ± 16.7 mg/L GAE, and the value of the cold

pressing apple juice was 190.5 ± 21.2 mg/L GAE. It’s
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similar to the values measured by Alberti et al. (2016),

which the TPC of Fuji apple juices varied from 171 to

279 mg/L GAE with the apples in three ripening stage. The

total flavonoid content (TFO) of traditional process apple

juice (70.0 ± 9.1 mg/L CTE) was higher than the cold

pressing apple juice (51.7 ± 3.6 mg/L CTE). The values

were in accordance with the levels found by Herrera

Alvarez et al. (2017), who assessed apple juices produced

in South America, North America and Europe.

Free radical scavenging activity of apple extracts was

assessed by the most valid and easy-to use DPPH assay

(Prior et al. 2005). As shown in Table 1, the result of tra-

ditional process apple juice was 369.4 ± 22.8 mM/L

Trolox, and cold pressing apple juice had

248.8 ± 20.5 mM/L Trolox. The phenolic compounds

present in apple juice crude extracts showed strong DPPH

scavenging activity.

HPLC analysis of phenolic fractions

The polyphenol profile of apple juices were analyzed by

HPLC, and the results were presented in Fig. 1. The

experimental results show a stable baseline with low SNR.

At different detection wavelengths, the detection peaks of

substances were diverse. Labeled substances can be

detected at both wavelengths. However, some peaks were

displayed under 280 nm, but not in 320 nm. As can be seen

from Fig. 1a, the essential phenolics that can be identified

and quantified in apple juices were gallic acid (0.08 mg/L),

vanillic acid (0.09 mg/L), chlorogenic acid (0.46 mg/L),

caffeic acid (0.21 mg/L), p-coumaric acid (0.08 mg/L),

ferulic acid (0.26 mg/L), rutin (4.54 mg/L) and phlorizin

(0.86 mg/L), and these findings are generally in accordance

with literature reports (Tian et al. 2018; Venkatachalam

et al. 2018) showing significant variations in composition.

Vanillic acid, p-coumaric acid and ferulic acid that have

been reported to exist in trace quantities were not found in

the analysed cold pressing apple juice (Fig. 1b), and five

kinds of individual phenolic compounds in cold pressing

fruit juice were gallic acid (0.06 mg/L), chlorogenic acid

(0.43 mg/L), caffeic acid (0.11 mg/L), rutin (2.23 mg/L)

and phlorizin(0.34 mg/L) (quantified as a whole). The

results also indicated that chlorogenic acid (7%), rutin

(69%) and phlorizin (13%) were the major phenolic com-

pounds present in apple juice and that these three com-

pounds represent at least 88% of total individual phenolics.

These results are in agreement with Karaman et al. (2010)

and Verdu et al. (2013) reported.

As can be observed, concentrations of rutin, chloro-

genic acid and phlorizin were higher than other phenolic

compounds in the apple juices. The contents of individual

phenolic compounds in traditional process apple juice

were higher than those in cold pressing apple juice, which

indicated that apple peels and seeds were rich in phenolic

compounds. Even though the extracts of traditional pro-

cess apple juice were more active than those obtained

from the cold pressing apple juice, the latter process to

treatment apple pomace was an optimized process which

prevented heat, oxidative damages such as oxidative

browning on antioxidant components due to the too much

polyphenols.

TPC, TFA and DPPH of apple pomace and cider

vinegars

The antioxidant activity of apple pomace and cider vine-

gars could be predicted from the contents of gallic acid,

catechin, vanillic acid, chlorogenic acid, caffeic acid, epi-

catechin gallate and phlorizin. Polyphenols from apple

pomace were considered highly valuable compounds which

might be used as functional food ingredients (Schieber

et al. 2003), and the apple pomace could also be the

material to make apple cider vinegars. It was believed that

the apple pomace shows high potential for cider produc-

tion. The contents of total phenolic, total flavanol and

DPPH of the apple pomace and apple cider vinegars are

shown in the Table 2.

Both apple peels and pulp showed high phenolic content

at 2228.49 ± 66.78 and 208.75 ± 9.28 mg/L GAE,

respectively. The total phenolic content of peels extract

was significantly higher than the pulp, almost tenfold. This

is consistent with the findings of a previous study

demonstrating that peels extracts exhibit higher TPC values

than those obtained by pulps extraction (González-Laredo

et al. 2007). The TFA of pulp pomace was

40.91 ± 0.53 mg/L CTE, and the content of the peels was

fourfold higher than the pulp, which was

170.33 ± 5.34 mg/L CTE. The phenolic compounds pre-

sent in apple peel and pulp crude extracts showed strong

DPPH scavenging activity. The result of apple peel pomace

was 4203.59 ± 0.00 lM/L Trolox, and apple pulp pomace

had 3830.71 ± 5.33 lM/L Trolox.

Table 1 The content of TPC,

TFO and DPPH of the apple

juice

Apple juice TPC (mg/L GAE) TFO (mg/L CTE) DPPH (mM/L Trolox)

Traditional process apple juice 307.3 ± 16.7 70.0 ± 9.1 369.4 ± 22.8

Cold pressing apple juice 190.5 ± 21.2 51.7 ± 3.6 248.8 ± 20.5
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Apple cider vinegars produced by different techniques

had significantly different contents of individual phenolics

and total polyphenols. The content of total phenols and

flavanols showing considerable correlations with the

antioxidant capacity of vinegar was measured, the higher

total phenolic content, the better its antioxidant activity. In

Table 2, it can be observed that the average antioxidant

values of these vinegars were more than fivefold higher

than vinegar beverages, and these phenols were a key

nutritional factor in vinegar.

It can be seen that the total phenol values of seven apple

vinegars varied greatly (33.19–284.73 mg/L). Total phe-

nolic content of apple cider vinegar was maintained at

between about 270 and 290 mg/L, while the total phenolic

content of apple cider vinegar beverages only maintained at

between 30 and 60 mg/L, which was lower than that Du

(2009) reported (68.63 mg/L).

As for the total flavanols and DPPH scavenging activity,

the data showed that concentrated apple cider vinegar

(4.69 mg/L CTE and 1248.69 lM/L Trolox) had the most

Fig. 1 The polyphenol chromatogram of apple juice and apple cider

vinegar. Note a Traditional process apple juice for individual

phenolics, b cold pressing apple juice. The peaks are (1) gallic acid,

(2) vanillic acid, (3) chlorogenic acid, (4) caffeic acid, (5) p-coumaric

acid, (6) ferulic acid, (7) rutin and (8) phlorizin identified
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values, maybe due to the concentrated process that made

the vinegar had a higher content of phenols. Flavanol

substance, with a variety of roles delaying aging, antibac-

terial, deodorant, was a good antioxidant and improved the

nutritional value of apple vinegar. In addition, a consider-

able difference between the apple cider vinegar and vinegar

beverages was observed. The total flavanol content of apple

cider vinegar was maintained at between about 3 and 5 mg/

L CTE, and that of apple vinegar beverage only maintained

at between 0.5 and 2 mg/L CTE.

DPPH value for apple cider vinegar content was main-

tained at between 100 and 700 lM/L Trolox, and the

antioxidant ability of apple cider vinegar beverages only

lasted between 50 and 100 lM/L Trolox. The DPPH

scavenging activity of concentrated apple vinegar samples

was significantly higher than that of the other varieties.

That indicated that the concentrate apple vinegar had

strong ability of free radical scavenging and the brewing

apple cider vinegar had much higher antioxidant ability

than apple vinegar beverages, with a large gap.

To sum up, the TPC, TFA and DPPH were found to

be higher in apple pomace extracts. These are important

selection criterion when considering the potential bio-

logical activity for apple pomace to as material to make

cider vinegar. This characteristics of the apple pomace

from cold pressing technology make it feasible to use

the apple pomace as the raw material to obtain cider

vinegar.

Major polyphenols of apple peal, pulp and cider

Massias et al. (2015) and Herrera Alvarez et al. (2017)

pointed out that apple can provide a lot of polyphenols for

the human body to improve the body’s condition. Table 3

shows the contents of major polyphenols of peel, pulp and

seven kinds of apple cider vinegar and beverages. Gallic

acid, catechin, epicatechin gallate, chlorogenic acids,

phloridzin and rutin were identified in both peel and pulp

extracts. Phloridzin was always the main dihydrochalcone

present in the apple pomaces, with contents ranging

between 12 and 60 mg/L. Vanillic acid was the second one,

with the content range between 56 and 59 mg/L. Maximum

content of vanillic acid was 40.42 mg/L. Four hydrox-

ycinnamic acids were identified in the apple pomace:

chlorogenic acid, caffeic acid, p-coumaric acid and ferulic

acid, as described by others (Sánchez-Rabaneda et al.

2004). Epicatechin gallate and catechin contents varied

13–22 mg/L and 35–38 mg/L, separately. Compared with

previous results on apple pomace, the sample results

reported here exhibited higher level of polyphenolic com-

pounds (Cetkovic et al. 2008). It was indicated that the

individual phenolic compounds content of apple peels were

higher than that of pulp. The concentrations of phlorizin in

apple peels were remarkably higher than those found in

apple pulp. The pomace which was collected through cold

pressing technology could be more easily used, the peels

and seeds contained much more phenols were a valuable

source of phenolic compounds and the pulps could provide

dietary fiber.

As presented in Fig. 2, eight kinds of polyphenols can

be quantified in apple cider vinegar under test conditions,

including chlorogenic acid, caffeic acid, phlorizin, vanilla

acid, gallic acid, coumaric acid and ferulic acid. This result

was two more than the six phenols determined by Budak

et al. (2011). Chlorogenic acid, caffeic acid, and phlorizin

had the highest levels of the concentrations of up to

6.56 mg/L, 3.03 mg/L and 1.76 mg/L, while vanilla acid

with only 0.06 mg/L which was the lowest concentrations,

gallic acid (0.35 mg/L), coumaric acid (0.33 mg/L) and

ferulic acid (0.24 mg/L)with a relatively low concentra-

tion. The total concentration of the quantitative polyphe-

nols in apple cider vinegar was up to 13.09 mg/L

Table 2 The comparison of the

total phenols, total flavanols and

DPPH scavenging activity in

seven kinds of apple cider

vinegar and pomace by cold

pressing

Samples TPC (mg/L GAE) TFA (mg/L CTE) DPPH (lM/L Trolox)

Peel pomace 2228.49 ± 66.78 170.33 ± 5.34 4203.59 ± 0.00

Pulp pomace 208.75 ± 9.28 40.91 ± 0.53 3830.72 ± 5.33

V1 274.08 ± 35.48 3.360 ± 0.07 112.445 ± 35.59

V2 284.73 ± 6.37 4.049 ± 0.08 624.345 ± 1.34

V3 281.25 ± 3.33 0.893 ± 0.00 539.595 ± 3.99

V4 33.197 ± 5.02 1.915 ± 0.31 73.495 ± 5.32

V5 38.193 ± 3.94 1.693 ± 0.40 113.990 ± 9.32

V6 57.363 ± 6.68 1.693 ± 0.69 67.845 ± 10.66

V7 56.803 ± 2.55 0.893 ± 0.00 161.07 ± 14.65

Values represent means of triplicate determination ± SD

V1, fresh apple cider vinegar; V2, concentrated apple cider vinegar; V3, Rauch apple cider vinegar; V4,

Sempio apple vinegar; V5, Dongkang apple cider vinegar beverage; V6, Health Road apple cider vinegar

beverage; V7, Guoran apple vinegar drink
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(Table 3), and the ratios of them were: gallic acid: vanilla

acid: chlorogenic acid: caffeic acid: coumaric acid: ferulic

acid: epigallocatechin gallate: phlorizin = 5:1:111:51:6:4:

13:30.

The major polyphenols in different vinegars is shown in

Table 2, while the V1’s chromatograms is presented in

Fig. 2. The phenols of peels and pulps showed in Tables 1

and 2 indicated that apple peels had higher polyphenols

than the pulps, just like most other fruits (Singh et al.

2016). The individual antioxidant contents of the tested

vinegars showed significant changes depending on the

apple cider vinegar variety, especially only three kinds of

individual phenols can be detected in concentrated apple

cider vinegar due to the production process. Chlorogenic

acid is the leading phenolic constituent of apple cider

vinegar, the decreasing order of apple cider vinegars as

follows (Table 3): Rauch apple cider vinegar[ concen-

trated apple cider vinegar[ fresh apple cider vine-

gar[Guoran apple vinegar drink[ Sempio apple

vinegar[Health Road apple cider vinegar bever-

age[Dongkang apple vinegar beverage.

Principal component analysis (PCA)

on the combined data

In order to better discriminate the cultivars under investi-

gation, principal component analysis (PCA) was performed

on the combined data set of total polyphenols, total fla-

vanols plus DPPH scavenging activity. The two principal

components (PCs) accounted for 99.35% of the total vari-

ance, with PC1 (90.16%) explaining 10 times as much as

PC2 (9.19%). By the analysis, it is indicated that PC1 and

PC2 contain a lot of the samples’ information. From the

PCA result, fresh apple cider vinegar (V1) were clearly

separated with other products, apple peels were also sep-

arated with pulps. Apple peels had the highest score on the

positive side of first axe, whereas fresh apple cider vinegar

had the highest score on the second axe. According to the

eigenvectors all the apple products were highly positively

associated with PC1. Health Road apple vinegar drink (V6)

and apple juice, Dongkang apple vinegar (V5) and Guoran

apple vinegar drink (V7), apple peels and Rauch apple

cider vinegar (V3) were positively associated with PC2,

whereas concentrated apple cider vinegar (V2), Sempio

apple vinegar (V4), and apple pulp were negatively asso-

ciated with PC2.

Conclusion

The cold pressing technology involved cold crushing

equipment to remove peels, stalk and seeds in the initial

stage and then crush the apples at low temperature withoutT
a
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preheating. Compared with the traditional process, cold

pressing decreased not only the pesticide residues in apple

juice, but also the oxidative browning due to the lower

temperature. Nevertheless, the result obtained had high-

lighted the concentration of individual phenols in cold

pressing apple juice lower than in traditional process apple,

it still retained in the range of previous research data.

Meanwhile the apple peels obtained by cold pressing could

be an effective method to avoid discarding the valuable by-

products of apple processing industry. The apple pomaces

obtained by cold pressing technology possess high levels of

antioxidant and bioactive compounds, and it could be a

better material to make apple cider vinegar. The apple cider

vinegars as one of China popular products, also contained

favorable phenolic compounds. These results suggested

that apple products and by-products based on cold pressing

technology had health-promoting qualities and could be a

competitive product in the commercial market.
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