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ABSTRACT 

 

Triterpene acid extraction from dried apple peels of Fuji and Gala varieties in 

2%NaOH/ethanol at room temperature, followed by filtration and acidification (pH 3), was 

investigated, comparing to a classical exhaustive extraction (Soxhlet, 2h, with ethanol and 

methanol, >97% recovery). Alkali-ethanol process yielded 4.35-6.86% (w/w) of whitish 

extracts, up to 15-times less than Soxhlet but with same recovery (P > 0.05) of ursolic and 

oleanolic acids. Alkaline extraction of previously defatted peels led to same recovery (P > 
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0.05), but the yield increased slightly (P < 0.01). The cost-effective and environmental-

friendly procedure prepares triterpene-rich extracts from apple peels at high recovery, 

directly eliminating the cutin and avoiding prior treatments with hazardous organic solvents. 

 

Keywords  

 

apple peels; triterpenes; ursolic acid; cutin depolymerization; extraction 

 

INTRODUCTION 

 

Ursolic acid is a ubiquitous ursane-type triterpene that is present in diverse plant organs, 

especially in the epidermal leaf and fruit cuticles [1]. Its chemical structure constitutes a 
12-

13
-pentacyclic hydrocarbon moiety that bears a secondary hydroxyl and an acid carboxyl 

group in the C-3 and C-17 positions, respectively (Fig. 1). It possesses a wide spectrum of 

pharmacological activities [2] and a high potential for phytopharmaceutical development 

[3,4]. Thus, the search for exploitable sources of ursolic acid has increased [5]. In this 

context, apple peels represent a promising source for large-scale exploitation of this 

compound [5]. Moreover, the apple pomace that is generated during the industrial processing 

of apple juice, and other derivatives [6,7], represents a suitable by-product to meet such a 

goal. 

Studies on the nutritional value of apples in general, or specifically their peels or pulp, 

have typically converged to polyphenol-rich extracts and isolated substances that possess 

valuable antioxidant and anti-proliferative activity on tumoral cells [8,9]. However, since the 

identification of ursolic acid in apple peels [10], a series of studies has shown that such a 

component reaches up to 32% of the total lipophilic compounds in this plant matrix [11,12]. 
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Ursolic acid is always accompanied by a minor amount (around one fifth) of the isomeric 

oleanolic acid in apple peels [11,13]. Furthermore, besides a plethora of other long-chain 

lipophilic compounds [14] and minor triterpene derivatives [15], the apple peel is also 

known to be rich in cutine. This is constituted by a complex mixture of phenolic esters that 

are derived of hydroxy and epoxy fatty acids. This natural biopolymer provides a net 

structure embedding both lipophilic and hydrophilic molecules to furnish the fruit coating 

[16]. 

 

BACKGROUND 

 

The earliest studies on the lipophilic composition of apple peels [10,17,18] have focused 

on the elucidation of long-chain alkanes and alcohols and the characterization of ursolic acid 

between 1923 and 1931. The extraction of dried milled peels with petroleum ether followed 

by ethyl ether was established as a general method. The former solvent concentrates the 

linear alkanes, fatty acids and alcohols and the latter one extracts triterpene acids and other 

compounds [19,20]. Particularly, to isolate and identify triterpene acids [21], such a 

procedure has been preferred during following decades, even at the cost of eventually not 

exhausting the targeted compounds from the matrix. 

The effective extraction of the plant metabolites strongly depends on their solubility and 

capacity to be transported through specific chemical environments (mass transfer). 

Triterpene acids are unlikely to meet both of these requirements efficiently, since they are 

poorly soluble in aqueous medium and many common organic solvents [22,23], and their 

removal from the plant tissues are subject to undesirable saturation by other co-extracted 

metabolites [3,24]. Thus, development of techniques that combine the proper solvent with a 

set of cost-effective operational conditions is required to scale-up effective processes of 
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triterpene acid extractions from apple peels, aiming either to standardize extracts or to purify 

these compounds [25]. Moreover, an adequate extractive pre-treatment procedure to 

analytically detect and quantify these types of compounds must be available [26]. Hence, the 

literature on analysis of triterpene acid-based matrices also deserves particular attention 

because variations of solvent compositions strongly influence the material dissolution and 

elution steps. 

 

Solvent Extraction 

 

It has been reported that pure ursolic acid may dissolve in less conventional solvents, such 

as dioxane and tetramethyl urea [22], and in hot glacial acetic acid and 2% NaOH in ethanol 

[23]. Nevertheless, the solubility parameters may not be directly applicable when dealing 

with the extraction of complex plant matrices that contain a series of other types of 

compounds that may either help or hamper the extraction process. Thus, the solvent should 

also be suitable to penetrate the tissues and reach the proper cells to solvate the triterpene 

acid. Although ethyl ether is slightly more effective than alcohols at solubilizing pure ursolic 

and oleanolic acids [23], these latter solvents produce a larger amount of extract due to their 

higher capacity to percolate the peel matrix [27,28].  

The use of medium- and high-polar solvents for extracting apple peel usually brings 

variable amounts of cutin into the extracts. The presence of such a compound after removing 

the solvent produces highly viscous extracts that must be properly partitioned to release the 

triterpene acids [19,29].  

The use of hydrated alcohols to extract apple is a typical procedure to approach their 

hydrophilic constitution, as briefly reviewed recently [30]. However, the use of 50-80% 

hydrated acetone has gradually become the preferred method to achieve this goal [6,8,9,31]. 
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In these cases, the primary focus on the nutraceutical potential of the raw material or the 

apple in natura has led to the neglect of the extract yields, and data on the yields have been 

scarcely reported. The static maceration of Fuji apple peels in a 7:3 ethanol:water at room 

temperature yielded approximately 50% (w/w) of extract [24], whilst the use of methanol, 

after sequential maceration with n-hexane and chloroform, yielded 66% (w/w) of extract 

[27]. A series of extraction methods have been used to recover triterpene acids from plant 

matrices, as recently reviewed elsewhere [32]. Among these, the ultrasound-assisted 

processes have become the preferred method to maximize the yields of the targeted 

compounds [25,32] and to achieve satisfactory selectivity by choosing the appropriate 

solvent. Assays that involve several solvents and heat reflux extraction have demonstrated 

that 80% ethanol reached a maximum recovery of ursolic acid from dried whole Hedyotis 

diffusa plants under specific experimental conditions [25]. This result was consistent with 

that found during the investigations on the solubility parameters of the pure compound [22]. 

Methanol has also been the choice, either to separate the cutin of the apple aiming to the 

determination of its chemical composition [33] or to remove it from the extracts to isolate 

epoxy- or hydroxy-fatty acids [19,29]. The methanol extracts have usually been refluxed in 

alkaline (NaOH or KOH 0.5-15%) aqueous or alcoholic solutions [34,35]. 

 

Alkaline Extraction 

 

Depending on the chemical stability of the targeted compounds, a hydrolytic procedure in 

alkaline medium may be applied to the extracts to degrade the cutin. This procedure is 

known as cutin depolymerization [16], and it eventually could be used to remove the 

resulting soluble acids and phenols. Hence, refluxing intractable cutin-based cuticle extracts 

in aqueous and hydro-alcoholic alkaline (NaOH or KOH) solutions has been employed to 
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characterize triterpene and fatty acids [10,32,36] as well as to produce suitable samples for 

fatty acid identification and quantification [37,38]. Additionally, the hydrolysis of raw plant 

tissues in alkaline alcohol has been reported to investigate the hydroxy- and epoxy-fatty acid 

constituents of cutin [39]. In addition, many common materials used in industry are 

chemically compatible with the diluted alkaline solutions at mild temperatures, as example 

of copper, stainless steel types 304 and 316 and the majority of the polymers [40]. 

 

Previous Defatting 

 

Previous defatting of apple peels with n-hexane led to cleaner and wax-free ethanol 

extracts for the HPLC analysis with minimal loss of the targeted compound [41]. The same 

occurred in an experiment involving the leaves of six Myrtaceae species, where the treatment 

of dry leaves with n-hexane during 4 days at room temperature did not cause losses greater 

than 1.3% in the contents of triterpene acids. Additionally, the subsequent alkaline ethanol 

treatment of this defatted material produced more selective extracts, enhancing the levels of 

acids up to 4-13% [42,43]. A 1-h heat-reflux extraction of some medicinal Rubiaceae 

species (whole plant) in n-hexane did not produce a detectable amount of the triterpene acids 

[25].  

This study reports a cost-effective method to extract triterpene acids from apple peels 

(Malus domestica Borkh.) by directly applying the cutin alkaline depolymerization 

procedure to the peel matrix at room temperature, followed by the acid-base partitioning. 

This procedure was inspired by earlier procedures to depolymerize the cutin from fruit and 

leaf cuticles that is carried onto the extracts, thus favoring the release of the plant 

metabolites. The peel extracts that result from distinct batches of Malus domestica Borkh. 

cv. Fuji and Gala were analyzed using High Performance Liquid Chromatography (HPLC) 
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to determine the ursolic and oleanolic acid contents. The amounts of the recovered acids 

were compared to those produced by exhaustive Soxhlet extraction using absolute alcohols 

and to a previously n-hexane defatted material.  

 

MATERIALS AND METHODS 

 

Chemicals and Reagents 

 

The ursolic (purity ≥ 90%, art. U6753) and oleanolic (purity ≥ 97%, art. O5504) acid 

standards were purchased from Sigma-Aldrich Co. (St Louis, MO, USA). Ethanol (99.9%), 

n-hexane (95%) and 85% phosphoric acid were purchased from Merck Co. (Darmstadt, 

Germany). Sodium hydroxide and hydrochloric acid were supplied by Vetec (Xerém, BR). 

The HPLC/UV grade acetonitrile and methanol were purchased from Tedia (Fairfield, OH, 

USA). Ultrapurified water (resistivity 18.1 MΩ-cm) from a NanoPure Diamond system 

(Barnstead/Thermolyne, Dubuque, IA, USA) was used throughout the chromatographic 

analysis. The other solvents and reagents were analytical-grade. 

 

Fruit Material  

 

Batches of medium-to-large sized commercial apple fruits were obtained in grocery retail 

markets during different periods between 2010 and 2013 in the city of Campinas, SP, Brazil. 

They were named as AF1 (9.00 Kg, May 2011), AF2 (5.06 Kg, May 2010) and AF3 (17.2 

Kg, May 2013) for cv. Fuji; and AG1 (10.1 Kg, August 2011) and AG2 (6.11 Kg, June 

2009) for cv. Gala. The fruits were peeled using a culinary manual peeler to obtain thin 

slices of fresh material that were oven-dried intermittently 3 times at 100 °C for 4 h, 
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followed 7 consecutive days at 45 °C under a constant flow of air affording a constant 

moisture content (6.0 ± 0.5% w/w for both batches), which was determined using a moisture 

analyzer (series ID, version 1.8, Marte, Brazil). The dried pieces of peel were milled using a 

blender and then mechanically sieved (Bertel Ind. Metal., Brazil) to furnish particles that 

ranged from 9 to 16-mesh. 

 

Soxhlet Extraction 

 

For determining the total extractable triterpene acids, two samples of milled apple dry 

peels (5 g) were separately placed in Soxhlet cartridges (100 mL) and extracted with 250 mL 

methanol. Separately ethanol also was applied as extraction solvent. Three independent 2-h 

cycles were performed for each extractive path by conveniently re-feeding the system with 

equal amounts of the same solvent. Thereafter, the solvent was removed to produce three 

sequential batches of peel extracts for each tested solvent. All the procedures were 

performed in triplicate. The extraction yield in each cycle was determined gravimetrically by 

the ratio between masses of dried extract and peel. The contents of each triterpene acid were 

quantitatively assessed by HPLC in all the extracts. The recovery of each cycle was 

determined based of the total mass after the complete extraction, because less than one-

hundredth of mass was extracted in the third cycle, demonstrating that the apple peels 

exhaustion has been virtually complete.  

 

Alkaline Ethanol Extraction 

In a 1-liter Erlenmeyer flask, dried milled apple peels (25 g) were suspended in an 

ethanolic sodium hydroxide solution (5 g NaOH in 250 mL 95% ethanol). The mixture was 

shaken on an IKA KS130 Basic (IkaWerke GmbH & Co., GE) orbital shaker (550 rpm) for 6 
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h at room temperature (20-25°C). It was filtered by gravity using filter paper (grade 4 

Whatman), and the filtrate was placed in a rotary evaporator to reduce the ethanol to one 

tenth of the initial volume. To this residue, 60 mL of 5% HCl was added under stirring, and 

the resulting suspension (pH 3.0) was placed in the refrigerator for 1 h. It was filtered 

through a Buchner funnel recovering a whitish solid that was washed with chilled distilled 

water, transferred to a weighted glass vial, and then submitted to high vacuum for 48 h. The 

resultant solid was kept in an electronic desiccator cabinet (Dry-Keeper Auto C-3B, 

Sanplatec Corp., JP) until the analyses.  

The same sequence of experiments was performed for the previously defatted dry peels of 

AF2. The defatting procedure consisted of soaking the material (150 g) in n-hexane (2  250 

mL) for 4 days at room temperature, followed by filtration and removing the solvent. Except 

for the soaking in hexane, all experimental procedures were conducted in triplicate. 

 

Apparatus and HPLC Analysis 

 

The percentage weight contents of each triterpene acid in the extracts were based on 

HPLC analysis after building of independent calibration curves. A methanol solution of the 

mixture of both acids (10 mg each, ± 0.01 mg precision) was prepared in a 25 mL volumetric 

flask and properly diluted in methanol to produce concentrations of 8, 16, 40, 100, 160 and 

200 µg/mL. The HPLC injections (20 µl) of these standard solutions were performed in 

triplicates to generate the calibration curves, as well as to evaluate the linearity and validity 

by analysis of variance (ANOVA). The signals at 20.5 and 21.5 min were assigned as 

oleanolic and ursolic acids, respectively. The regression equations for the calibration curves 

were y = 4073x + 2016 (r = 0.9996) for ursolic acid and y = 7293x + 4505 (r = 0.9997) for 

oleanolic acid, in which y and x represent, respectively, the integration area and the 
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concentration (µg/mL) of the respective acid. Reproducibility was achieved with the 

percentage Relative Standard Deviation (%RSD) less than 5% for the integration areas at all 

concentrations. 

The samples (5.0 mg) that originated from the extraction with alkaline ethanol were 

dissolved in methanol (10.0 mL) via sonication (Model USC-1850, UNIQUE, Indaiatuba, 

BR) at a frequency of 25 kHz for 15 min at 25-30°C. The dried extracts that originated from 

the Soxhlet extractions were diluted in methanol to adjust the chromatographic signals to the 

calibration range. All of the solutions were filtered through 0.20 μm regenerated cellulose 

membranes (Sartorius, GE) prior to the injections. 

The HPLC system, LC-10AVP (Shimadzu Co., Japan), consisted of two LC-10AD 

pumps, a DGU-12A degasser, a SIL-10AD autosampler, a CTO-10A column oven and a 

SPD-M10A photodiode array detector (PDA) programmed to scan at 200-350 nm. The data 

analysis was performed using CLASS-VP v.6.13 SP2 software (Shimadzu). A 

SymmetryShield RP18 (250 × 4.6 mm, 5 μm, Waters, IR) column connected to a Supelguard 

LC-18 guard column (2 cm, Supelco, Bellefonte, PA, USA) was used for the analysis. The 

mobile phase consisted of 98:2 v/v acetonitrile and 1.25% v/v phosphoric acid aqueous 

solution, in an isocratic elution for 35 min at a flow-rate of 0.6 mL/min and at a temperature 

of 30 °C. Twenty-microliter injections produced the chromatograms that were monitored by 

UV detection at 206 nm. The chromatographic method to quantify the ursolic and oleanolic 

acids was based on Chen et al. [44] and adapted by Siani et al. [24]. 

 

Statistical Analysis 

 

The means and Standard Deviation (SD) were determined from triplicate experiments of 

the extractive processes and calculated based on dried extract or peel. For each response 
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parameter, the data were statistically evaluated using the one-way ANOVA, which was 

followed by Tukey's studentized range HSD test (P < 0.01 or P < 0.05), to determine the 

significant differences between the pairs of results by applying the Action version 2.7 

(Estatcamp, São Carlos, BR) software. For the construction of the linear calibration curves, 

the coefficient of determination (r), %RSD and coefficients (slope and interception) were 

calculated by the least square method using Microsoft Office Excel 2007 software. 

 

RESULTS AND DISCUSSION 

 

Based on net weight of the apples, the dried peel yields ranged from 2.20% to 2.78% 

(w/w), regardless of the cultivar and the apple sizes. The manual peeling should be taken 

into account as a source of deviation in the results because the peel could be contaminated by 

apple pulp by up to 30% [45]. Fresh weights were not taken, but the literature reports a range 

from 5.1% to 7.1% for the peel of five distinct Chilean apple cultivars [46]. This value is 

admitted to fall grossly around 10% w/w [47]. The establishing of the exhaustion of peels 

was key to quantify the effectiveness of the further extraction with alkaline ethanol. Thus, 

the Soxhlet extraction was performed using three subsequent cycles to establish the 

maximum recovery of the triterpene acids from the apple peels (Table 1).  

The use of methanol or ethanol as the Soxhlet solvent did not produce any significant 

differences in extract yields and triterpene acid recoveries for same cultivar (AF3/methanol 

versus AF3/ethanol in Table 1). Yields for the Fuji apple peels (AF3/ethanol) were 12% 

(w/w) higher than for the Gala ones (AG1/ethanol) and similar chromatograms were 

obtained from ethanol extracts of both apple cultivars (Fig. 2a and 2b). This result may be 

attributed to the different fruit peel thicknesses that are due to the distinct apple varieties 

[48]. Additionally, the extractable cutine and other compounds may be unequal in both 
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cultivars. Since that 2 h was enough to recover 96-97% of the total extract mass from both 

cv. Fuji and Gala, regardless of the used alcohol (first-cycles in Table 1), complete 

exhaustion of the triterpene acids from the peels by the three-cycle Soxhlet extraction can be 

considered. This finding is also important for any scaling-up the Soxhlet extraction. 

Overall, the results obtained from the aforementioned studies in the literature on the apple 

peels inspired the effort to obtain their lipophilic and triterpene-rich extracts by devising an 

advantageous one-step protocol. The alkaline ethanol produced approximately 15- and 11-

times less crude extracts than those produced by the Soxhlet method (NaOH/ethanol versus 

Soxhlet/ethanol in Table 2) for the Fuji (AF3) and Gala (AG1) apple peels, respectively. The 

overall yields by the alkaline ethanol procedure averaged between 4.3% and 6.9% (w/w 

dried peels) against 58.7- 67.3% Soxhlet extraction yields (NaOH versus Soxhlet in Table 2). 

For alkaline ethanol process (NaOH in Table 2), the differences (P < 0.01) within the batches 

from the same cultivars (AF or AG) may be due to fruit seasoning and eventual post-harvest 

treatments [49]. 

The two methods produced very different extracts with respect to both the physical 

aspects and the chemical constitution. All alkaline treatment of the dried apple peels in 

ethanol produced whitish, non-viscous, and highly hydrophobic solids. As expected, a more 

complex composition can be observed in the low-retention region between 5 and 15 min in 

the reversed-phase HPLC-DAD profile of the Soxhlet extracts in which the most polar 

phenolic and derivatives elute (Fig. 2a versus 2c for AF3, and 2b versus 2d for AG1). 

Filtration of the acidic solution and water washing, at the end of the alkaline ethanol process, 

likely eliminated the residual aromatic acid derivatives from the cutin hydrolysis, other 

hydrophilic flavonoids and sugars. The non-pigmented final products and the 

chromatograms (Fig. 2c and 2d) relatively devoid of significant signals below 15 min for 

several wavelengths corroborated partially the above assumption. 
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The ursolic and oleanolic acid contents in the extracts of AF1 were much different (P < 

0.01) to those found in the other Fuji batches (Table 2). The AF3 consistently (P < 0.05) 

presented the lowest abundances of both acids in the peels and a much lower (P < 0.01) 

crude extract amount, which indicates that distinct triterpene acid amounts may be found in 

apple peels from the same cultivars. The values for the Gala peel fell within the large range 

of dispersion displayed by the Fuji peels. Therefore, the effectiveness of the alkaline 

extraction could not be compared between these two cultivars. No significant difference (P > 

0.05) for the ratio of ursolic to oleanolic acids was observed among the Fuji peel extracts 

when using the alkaline ethanol process, demonstrating that there is no selectivity in 

extraction for any triterpene acid. The ratio of ursolic to oleanolic acid in AG1 was much 

lower (P < 0.01) than all of the other apple batches after alkaline extraction or Soxhlet 

extractions. In fact, extracts from the alkaline ethanol process showed ratio values between 

ursolic and oleanolic acids lower than those from the Soxhlet extraction (P < 0.01 for AF3 

and P < 0.05 for AG1), indicating that the extraction of the oleanolic acid was slightly 

favored over ursolic acid in the former process. Taking together, the results suggest that 

there were no significant differences in the recovery of ursolic or oleanolic acids for the 

employed methods (comparing Soxhlet to NaOH for same batch in Table 2). Given that the 

Soxhlet extraction exhausted the triterpene acids, the alkaline extraction method showed to 

be as well effective for this purpose. 

The content of both ursolic and oleanolic acids decreased by 4.8% and 4.5% (statistically 

not significant) in the defatted extract for the Fuji peels (comparing AF2 in Table 2). This 

variation was coincident with an increasing extract yield of 13% (w/w) (P < 0.01), 

suggesting that the removal of the superficial waxes does imply a higher extractive capacity 

by using the alkaline protocol. The overall extractable ursolic and oleanolic acids from the 
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peels was not different (P > 0.05) for all of the alkaline extracts of the Fuji apple; thus, 

defatting did not appear to affect the acid recovery. 

 

CONCLUSIONS 

 

This study presented a method to obtain extracts from apple peels that are natural source 

abundantly available and rich in ursolic and oleanolic acids. The method includes treating 

the dried raw material with 2% NaOH solution in hydrated ethanol. This procedure enhances 

the solubility of the triterpene acids, avoids extract contamination by the intractable 

polymeric cutin (which is hydrolyzed) and suppresses the usual first step of producing an 

organic extract. The relatively smooth experimental conditions employed led to a depletion 

of the triterpenes from the apple peel. These results were quantitatively corroborated by the 

statistical similarity to the Soxhlet extractions that used absolute alcohols as the solvents. 

The extraction utilizes low-energy conditions and an environmentally friendly process 

because it produces sodium chloride and water as the disposable residues. A highly selective 

process that favors the concentration of lipophilic acids in a relatively clean extract would 

also be advantageous for proceeding successfully for the isolation of triterpene acids, 

particularly ursolic acid, from apple peels. Taking in account its relative abundance in apple 

peels and the availability of this raw material in residues of the food and beverage industries, 

a large-scale process to isolate and purify such a triterpene compound could be devised via a 

cost-effective extraction step. 
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FIG. 1 

Chemical structure of ursolic acid 
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FIG. 2 

Typical HPLC chromatograms of the dried peel extracts by Soxhlet extraction using 

ethanol for AF3 (a) and AG1 (b) and by alkalinized ethanol extraction for AF3 (c) and AG1 

(d). The Soxhlet methanol extract for AF3 afforded a quite similar profile to (a). OA = 

oleanolic acid; UA = ursolic acid 
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TABLE 1 Extract yields and contents of ursolic (UA) and oleanolic (OA) acids from Fuji 

(AF3) and Gala (AG1) peels after Soxhlet extractions 

Batch/solv

ent 

Cy

cle
a
 

Extract 

yield
b
 

Recov

ery
c 

%

UA
d
 

%

OA
d
 

AF3/Metha

nol 
1st 64.15% 

97.1% 1.4

5 

0.1

7 

AF3/Metha

nol 

2n

d 
1.68% 

2.54% 1.1

1 

0.1

2 

AF3/Metha

nol 
3th 0.21% 

0.32% 0.2

0 

0.0

2 

      

AF3/Ethan

ol 
1st 65.2% 

96.9% 1.4

7 

0.1

7 

AF3/Ethan

ol 

2n

d 
1.79% 

2.66% 0.9

4 

0.1

0 

AF3/Ethan

ol 
3th 0.30% 

0.67% 0.1

5 

n.d

.
 

      

AG1/Ethan

ol 
1st 56.3% 

95.9% 1.9

5 

0.2

5 

AG1/Ethan

ol 

2n

d 
2.44% 

4.16% 0.6

3 

0.0

9 

AG1/Ethan

ol 
3th n.d. 

n.d. n.d

. 

n.d

. 

a
Cycles were defined by solvent-feeding at each 2 hours; values are mean of three 

replications. 
b
Averaged from extractions in triplicate, calculated (w/w) on the dried peel 

mass basis. 
c
Relative to the sum of recovering from the three-cycle process. 

d
Contents of 

ursolic and oleanolic acids in crude extract (w/w) were assessed by HPLC; values are mean 

of analysis in triplicates. n.d. = not detected. 
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TABLE 2 Yields and characterization of the apple peel extracts obtained by Soxhlet and alkalinized ethanol methods 

Process and culti

var 

Extract 

yield 

 UA (% w/w)  OA (% w/w)  UA/OA 

solvent batc

h 

(%w/w)  on extract on dried 

peels 

 on 

extract 

on dried 

peels 

 ratio 

(w/w) 

Soxhlet/methanol AF3 66.04 ± 

1.78
a
 

 1.44 ± 

0.03
b
 

0.95 ± 

0.02 

 0.17 ± 

0.01
b
 

0.11 ± 0 

 8.64 ± 

0.15 

           

Soxhlet/ethanol AF3 67.30 ± 

1.50
a
 

 1.49 ± 

0.07
b
 

1.01 ± 

0.03 

 0.17 ± 

0.01
b
 

0.11 ± 0 

 8.96 ± 

0.15 

Soxhlet/ethanol AG

1 

58.71 ± 

2.04
a
 

 1.70 ± 

0.46
b
 

0.99 ± 

0.25 

 0.25 ± 

0.07
b
 

0.14 ± 

0.05 

 6.87 ± 

0.11 

           

NaOH/ethanol AF3 4.35 ± 

0.07
c
 

 18.32 ± 

0.83
c 

0.84 ± 

0.04 

 2.22 ± 

0.17
c 

0.10 ± 

0.02 

 8.16 ± 

0.26
c 

NaOH/ethanol AF1 6.86 ± 

0.04
e 

 15.93 ± 

0.8
e 

1.09 ± 

0.06 

 1.95 ± 

0.09
e 

0.13 ± 

0.01
f 

 8.15 ± 

0.08 
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NaOH/ethanol AF2 5.01 ± 

0.08
e,g

 

 21.99 ± 

0.83 

1.11 ± 

0.06
f 

 2.68 ± 

0.05 

0.14 ± 

0.00
f 

 8.22 ± 

0.16 

NaOH/ethanol after 

defatting 

AF2 5.77 ± 

0.15
h 

 20.94 ± 

0.49 

1.20 ± 

0.06 

 2.56 ± 

0.03 

0.15 ± 

0.01 

 8.18 ± 

0.10 

NaOH/ethanol AG

1 

5.14 ± 

0.15
c 

 20.63 ± 

1.71
c 

1.06 ± 

0.09 

 3.19 ± 

0.25
c 

0.16 ± 

0.01 

 6.46 ± 

0.04
d 

NaOH/ethanol AG

2 

5.33 ± 

0.20 

 23.62 ± 

2.59 

1.26 ± 

0.10 

 2.96 ± 

0.27 

0.16 ± 

0.01 

 7.98 ± 

0.17
e 

Yields are average from triplicate extractions. Contents of UA (ursolic acid) and OA (oleanolic acid) are average from three injections. 
a
Overall 

yield from the three-cycle process (from Table 1). 
b
Assessed by HPLC upon mixing the extracts from all cycles. Statistically significant 

differences: in the Soxhlet process with same solvent (at 
c
P < 0.01; 

d
P < 0.05); to the first (

e
P < 0.01; 

f
P < 0.05) and last batch (

g
P < 0.01) at 

same process/solvent; or to the respective non-defatted extract (
h
P < 0.01). AF = cv. Fuji, AG = cv. Gala, AF2H = hexane-defatted AF peels. 
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