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Territory of Chile is a long, narrow strip of land 
and, due to its length and geographical location, it 
has a wide variety of climates from tropical to po-
lar, presenting large diversity in its ecosystems and 
rich biodiversity [1]. This provides an insight into 
the dimensions of sustainability in the bio-econo-
my of the country using natural resources such as 
Chilean native berries. The Chilean native berries 
were food and medicinal source for pre-Colum-
bian indigenous people from Coquimbo Valley to 
Patagonia [2]. Therefore, current studies on native 
Chilean fruits are focusing on antioxidants and 
their main bioactive compounds with possible me-
dicinal effects.

Lleuque or “Andean grape” (Prumnopitys an-
dina) is a native Chilean fruit that has been used 
since pre-Hispanic times as raw food and later 
to prepare jams and preserves. This fruit grows 
in the central provinces of Chile, from Linares 
to Cautín, its fruiting period spanning from 
January to March. Lleuque is a bright-green fruit, 

approximately 2 cm long and 1.5 cm wide, weigh-
ing approximately 3.6 g (Fig. 1A). Seventy percent 
of the fresh weight of fruit is represented by the 
sweet fleshy aril (edible part) and contains a single 
seed [3]. Likewise, the Copihue fruit (Lapageria 
rosea) is a native Chilean fruit known as “cucum-
ber” in the south of Chile. The indigenous people 
(Mapuches) call it copín or copiu, which name 
they also give to the whole plant. This fruit is 
a smooth-oblong green berry that is approximately 
2.5 cm long and 2–2.5 cm wide (Fig. 1B). Its fruit-
ing period spans from November to February. The 
pulp is whitish and sweet, and it contains several 
seeds [4]. It is commonly consumed raw due to its 
refreshing taste [5].

Currently, there is a  growing interest in va
lorization of natural residual sources, since 
the waste or by-products of food processing, such 
as seeds and the peel of some fruits, make up 
a significant portion of the fruit [6]. These wastes 
or by-products were shown to be a greater source 
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chanisms, but are different in terms of the kinetics 
and potential for side reactions. These mecha-
nisms occur simultaneously and are determined by 
the antioxidant structure and pH [10].

The present research was focused in two non-
domesticated, native Chilean fruits with only 
scarce scientific data and none related to the nu-
tritional value [3, 4, 11]. This was an opportunity 
to valorize the native Chilean species as potential 
sources of bioactive compounds. Hence, the main 
aim of this research was to evaluate bioactive com-
pounds, nutritional and antioxidant properties of 
pulp and seeds from lleuque and copihue. 

of antioxidants than the edible part of the fruit, 
for example, the jackfruit peel and papaya seed 
have a higher antioxidant activity than their pulp 
[7, 8]. In general, fruits contain many various 
antioxidants and it is not easy to determine each 
antioxidant compound individually. Thus, various 
methods were developed to assess total antioxi-
dant capacity in fruits or other plants and animal 
tissues [9]. Analytically, the different methods 
used in radical deactivation can be divided into 
two groups based on their major mechanism of 
action, namely, those that use hydrogen atom 
transfer (HAT) or single electron transfer (SET). 
However, the results are the same in both me

A B

C D

Fig. 1. Photographs of Chilean native fruits and their fruit plants.

A – lleuque (Prumnopitys andina), B – copihue (Lapageria rosea), C – tree of lleuque, D – wall climber plant of copihue.
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Materials and methods

Samples
Lleuque (P. andina) and copihue (L.  rosea) 

(Fig. 1) were picked in May and December 
in  2019, respectively, in the south-central regions 
of Chile. The criterion used to collect the fruits 
was the time of fruiting or fruit maturation period. 
For each fruit, 40 samples were chosen at optimal 
quality, without mechanical or microbiological 
damage. We collected the samples from a  single 
tree for lleuque fruit and several wall-climber 
plants for copihue fruit. The pulp and seeds of 
fruits were manually separated and ground at 
room temperature (20 ± 2 °C). The ground parts 
of the fruits were stored at 4 °C until analysis for 
a maximum 24 h.

Physical characterization of fruits
Ten fruits, their pulp and seeds, were 

weighed separately using an analytical balance 
(BAS  31  plus; Boeco, Hamburg, Germany). The 
mean weight of the fruit, pulp, seed, percentage 
of pulp and ratio fruit/seed were calculated. In ad-
dition, length and diameter of the fruit and seeds 
were measured [12]. 

Proximate composition
Macronutrients of the samples were deter-

mined according to Association of Official Ana-
lytical Chemists (AOAC) methods, which involved 
moisture content (934.06), crude protein (960.52), 
lipid content (960.39), crude fibre (962.09) and 
crude ash (923.03) content [13].

Energy value
The protein, fat and carbohydrate content were 

used to calculate the energy value (E) [14]. E was 
calculated according to Eq. 1:

𝐸𝐸 = 17𝑃𝑃 + 37𝐿𝐿 + 17𝐶𝐶 	 (1)

where E is the energy value expressed in kilojoule 
per kilogram of food, P is protein content, L is li-
pid content and C is carbohydrate content (all ex-
pressed as grams per kilogram).

Contribution rate of pulp and seeds 
The fruits consist of pulp and seeds, so contri-

bution of these two components to the fruits was 
calculated in the contribution rates way. The con-
tribution rates were calculated according to Eq. 2 
[15]:

𝐶𝐶𝐶𝐶𝐴𝐴 = 𝐶𝐶𝐴𝐴 ×
𝑊𝑊𝐴𝐴

(𝐶𝐶𝐴𝐴𝑊𝑊𝐴𝐴 + 𝐶𝐶𝐵𝐵𝑊𝑊𝐵𝐵)
× 100 	 (2)

where CRA is the contribution rate of  A  in per-

centage, CA  is the content of nutritional compo-
nent in A, WA is the weight of in the sample (in 
percentage), CB is the content of nutritional com-
ponent in B; W is the weight of the component in 
the sample (in percentage).

Extraction protocol
Thirty grams of samples were sonicated using 

ultrasonic bath (model 2200; Branson, Dan-
bury, Connecticut, USA) with 90 ml of metha-
nol (Merck, Darmstadt, Germany) at 20 Hz 
during 1 h, then centrifuged at 5 000×g for 15 min 
(MSE  Super minor, Fisons, Ipswich, United 
Kingdom). The supernatants of samples were 
transferred into a round bottom flask and evapo-
rated using rotary evaporator (Büchi, Flawil, 
Switzerland) with a  vacuum pump. The dry ex-
tracts were diluted and filtered through a 0.45 μm 
Clarinert syringe mixed cellulose membrane filters 
(Bonna-Agela Technologies, Wilmington, Dela-
ware, USA) [16].

Polyphenols content 
The polyphenols content (PC) of samples was 

evaluated by the Folin-Ciocalteu procedure [17]. 
One hundred microliters of samples were vortex-
mixed for 30 s with 500 µl of the Folin-Ciocalteu 
reagent (1 : 10, v/v, Merck) and stored in darkness 
at room temperature (20 ± 2 °C) for 8 min. Then, 
1.2 ml of 75 g·l-1 sodium carbonate was added 
and the mixture was stored in darkness for 1 h at 
room temperature (20 ± 2 °C). The absorbance 
was measured at 760 nm in a  UV–vis spectro-
photometer Agilent 8453 (Agilent Technologies, 
Santa Clara, California, USA). PC was calculated 
using calibration curve with gallic acid (Sigma-
Aldrich, St. Louis, Missouri, USA) as the standard 
and expressed as milligrams of gallic acid equiva-
lent (GAE) per kilogram of dry weight. 

Flavonoids content 
Flavonoid content (FC) of samples was deter-

mined by the aluminium chloride procedure [18]. 
Five hundred microliters of samples were vortex-
mixed (30 s) with 500 µl of 2% AlCl3 ethanolic 
solution and stored during 1 h at room tempera-
ture (20 ± 2 °C). The absorbance was measured 
at 420  nm in a  UV–Vis spectrophotometer Agi-
lent  8453. FC was calculated using calibration 
curve with quercetin (Sigma-Aldrich) as the 
standard and expressed as milligrams of quercetin 
equivalent (QE) per kilogram of dry weight. 

Anthocyanins content
The anthocyanins content (AC) was deter-

mined using a  pH-differential protocol [19]. 
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UV-Vis spectrophotometer Agilent 8453 was used 
to measure the absorbance at 520 nm and 700 nm. 
The results were expressed as milligrams of cyani-
din-3-glucoside (Cy-3Gluc, Sigma-Aldrich) per ki-
logram of dry weight using molar extinction coef-
ficient of 26 900 l·cm-1mol-1.

DPPH radical-scavenging test
The antioxidant capacity of samples was de-

termined using the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) test [20]. Fifty microliters of sample 
were vortex-mixed with 950 µl of 100 µmol·l-1 
DPPH solution (Sigma-Aldrich) and stored during 
30 min at room temperature (20 ± 2 °C). The ab-
sorbance was measured at 517 nm in a  UV–Vis 
spectrophotometer Agilent 8453. The antioxidant 
capacity (ADPPH) was expressed using calibration 
curve with Trolox (Sigma-Aldrich)  as the standard 
and expressed as micromoles Trolox equivalents 
per kilogram of dry weight.

Ferric reduction antioxidant power test
The antioxidant capacity of samples was de-

termined using ferric reduction antioxidant power 
(FRAP) test [20]. One hundred microliters of 
sample were vortex-mixed with 900 µl of FRAP 
reagent, which contained 2.5 ml of a 10  mmol·l-1 
2,4,6-tripyridyl-s-triazine (TPTZ) solution in 
40 mmol·l-1 HCl with 2.5 ml of 20 mmol·l-1  FeCl3 
and 25 ml of 0.3 mol·l-1 acetate buffer at a pH of 
3.6 (the reagents were purchased from Merck and 
Sigma-Aldrich). This freshly made solution was 
warmed to 37 °C and stored during 30 min at room 
temperature (20 ± 2 °C). The absorbance was 
measured at 593 nm in a  UV-Vis spectrophoto
meter Agilent 8453. The antioxidant capacity 
(AFRAP) was expressed using calibration curve 
with Trolox as the standard and expressed as mi-
cromoles Trolox equivalents per kilogram of dry 
weight. 

ABTS radical-scavenging test 
The antioxidant capacity of samples was de-

termined using the 2,2’-azino-bis(3-ethylben-
zothiazoline-6-sulphonic acid) (ABTS) radical-
scavenging test [21]. Fifty microliters of sample 
were vortex-mixed with 1450 µl of ABTS solu-
tion (Sigma-Aldrich) and stored during 30 min at 
room temperature (20 ± 2  °C). The absorbance 
was measured at 732 nm in a UV-Vis spectropho-
tometer Agilent 8453. The antioxidant capacity 
(AABTS) was expressed using calibration curve 
with Trolox as the standard and expressed as mi-
cromoles Trolox equivalents per kilogram of dry 
weight.

Relative antioxidant capacity index
Relative antioxidant capacity index (RACI) was 

calculated according to Petrovic et al. [22]. RACI 
was obtained by averaging the standard scores 
(SS) transformed from the raw data. The SS was 
calculated by using Eq. 3:

𝑆𝑆𝑆𝑆 = 𝑥𝑥 − 𝜇𝜇
𝜎𝜎  	 (3)

where x is the raw data, µ is the mean and σ is the 
standard deviation.

Polyphenol antioxidant coefficient 
Polyphenol antioxidant coefficient (PAC) was 

calculated according to Petrovic et al. [22]. PAC 
was calculated as ratio between antioxidant capac-
ity and polyphenols content.

Global antioxidant score
For each sample, the average of T-scores (TS) 

was used to calculate the global antioxidant score 
(GAS) value. TS was calculated according to Eq. 4 
[23]:

𝑇𝑇𝑇𝑇 =  
(𝑋𝑋 −  𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚)

(𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚) 
	 (4)

where X is antioxidant capacity of variable among 
the studied samples of the same extract group, 
Xmin and Xmax represent the smallest and largest 
antioxidant capacity values of variable X, respec-
tively.

Statistical analysis
Analysis of variance was used to analyse the 

results using Tukey’s HSD method with 95% con-
fidence (Statgraphics Centurion  XV  15.02.05 
software; Statpoint Technologies, The Plains, 
Virginia, USA). All analyses were carried out in 
triplicate and the results were expressed as mean 
and standard deviation. In addition, to express the 
correlations and their significance, the Pearson 
correlation coefficient (R) and P-value were used. 
The criterion of statistically significant difference 
p < 0.05 was adopted. 

Results and discussion

Physical characterization of fruits
Tab. 1 shows the mean physical characteristics 

of the fruit and seed(s) of lleuque and copihue. 
The weight, length, and diameter of the lleuque 
and copihue fruits were 4.5 g and 16.7 g, 1.3 cm 
and 5.1 cm; and 1.1 cm and 1.3 cm, respectively. 
The weight of the lleuque and copihue pulp con-
stituted approximately 25 % and 80 % of the to-
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tal weight of each fruit, respectively. The weight, 
diameter and length of seed(s) were 3.3 g and 
0.02 g, 1.2 cm and 0.2 cm, and 0.8 cm and 0.05 cm 
for the lleuque and copihue fruits, respectively. 

Proximate composition 
The proximate composition of pulp and seeds 

of lleuque and copihue fruits is shown in Fig. 2A. 
In general, the pulp of both fruits is rich source 
in carbohydrates, whereas the seeds are a  good 
source of fibre. The pulp lleuque and copihue 
fruits contained considerable amounts of carbohy-
drates (65.3  % and 65.8  %) and low amounts of 
lipids (0.7 % and 7.1 %). The lleuque seeds were 
found to contain high amounts of fibre (54.5  %) 
and low amounts of carbohydrates (7.7 %). On the 
other hand, copihue seeds contained high amounts 
of lipids (22.9 %), carbohydrates (50.6 %) and had 
low ash content (3.1  %). It should be noted that 
some variations can be observed in the values of 
the nutritional composition due to fruit growing 

location, temperature and exposure time to sun-
light, stage of maturity, agricultural and post-har-
vest handling practices [24]. 

The results are comparable with those report-
ed by Boeri et al. [25] for Berberis fruits, where 
moisture content for the pulp and seeds of 93.3 % 
and 0.0 %, protein content of 1.3 % and 13.6 %, 
lipid content of 1.7  % and 18.9  %, together with 
ash content of 3.6 % and 2.2 %, respectively, were 
reported. The authors did not report the fibre con-
tent. Likewise, the results of the present study are 
similar to those reported by Uribe et al. [26] for 
Chilean papaya fruit, where for the pulp moisture 
content of 91.6 %, protein content of 0.9 %, lipid 
content of 0.3 %, fibre content of 1.1 % and ash 
content of 0.6  % were reported. For the Chilean 
papaya seed, the values observed by Briones-
Labarca et al. [8] were moisture content 3.5  %, 
protein content 31.8 %, lipid content 30.5 %, fibre 
content 24.4 % and ash content 4.0 %. Zura-Bra-
vo et al. [27] reported the chemical composition 

Tab. 1. Physical characteristics of fruits and seeds of lleuque and copihue.

Physical characteristics
Lleuque Copihue

Fruit Seed Fruit Seed*

Weight [g] 4.5 ± 0.3 1.3 ± 0.4 16.7 ± 1,4 0.02 ± 0.00

Length [cm] 1.3 ± 0.2 1.2 ± 0.4 5.1 ± 0.8 0.20 ± 0.05

Diameter [cm] 1.1 ± 0.1 0.8 ± 0.2 1.3 ± 0.2 0.05 ± 0.01

Length/diameter ratio 1.2 1.5 3.9 4.0

Values represent mean ± standard deviation (n = 10). 
* – weight of a seed, the fruit contains approximately 100 seeds.
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Fig. 2. Proximate composition and energy value of the pulp and seeds of lleuque and copihue.

A – proximate composition, B – energy values.
Values represent mean ± standard deviation (n = 3). Carbohydrate content was obtained by difference.
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of myrtleberry, also known as Chilean guava, mur-
tilla, or murta, with a moisture content of 80.3 %, 
crude protein of 1.1 %, total lipids of 0.3 % crude 
fibre of 3.4  %, crude ash of 0.7  % and carbohy-
drates of 17.7 %. The proximate analysis of murta 
seeds exhibited significant fibre content (64.0 %), 
lipid content (14.0  %), crude protein (12.0  %), 
and low levels of ashes (1.5 %) [28].

Energy values of the pulp of lleuque and copi-
hue fruits were 12 004 kJ∙kg-1 and 14 018 kJ∙kg-1, 
respectively (Fig. 2B). For the seed, the values 
were 7 510 kJ∙kg-1 and 17 842 kJ∙kg-1 for lleuque 
and copihue fruits, respectively. Therefore, these 
fruits are a good source of energy.

The data showed that the contribution rate of 
lleuque pulp to the carbohydrate content was high 
(95.4 %), while lleuque seeds contributed greatly 
to the lipid content (by 88.5 %) and a only little to 
the carbohydrate content (by 4.6 %). Fibre, mois-
ture and ash contents were 86.6  % 18.9  %, and 
33.5 %, respectively. In the case of copihue fruit, 
pulp presented a  considerable fibre contribution 
rate with 86.7 %. The copihue seed had a higher 
impact on the nutritional components content, 
with contribution rate percentages of moisture 
content 7.7 %, protein content 35.8 %, lipid con-
tent 30.4  %, fibre content 13.3  %, ash content 
12.7 % and carbohydrate content 9.5 %. 

Antioxidant compounds
The main contributors to the antioxidant ca-

pacity of fruits are polyphenol compounds, such 

as flavonoids, anthocyanins and phenolic acids 
[29]. These compounds can improve or help hu-
man health, for example, in the metabolic regu-
lation, chronic disease or cell proliferation [30]. 
The polyphenols, flavonoids and anthocyanins 
contents of the pulp and seeds of lleuque and 
copihue fruits are shown in Fig. 3. The results 
showed that copihue pulp presented the highest 
PC (825 mg·kg-1, expressed as milligrams of GAE), 
followed by lleuque pulp, lleuque seed and copihue 
seeds (Fig. 3A). There were significant differences 
(p  <  0.05) for polyphenols between the pulp and 
seeds for that fruit. FC showed the same behaviour 
as PC (Fig. 3B). Fig. 3C shows that the anthocya-
nins content of copihue seeds was much higher 
than that of the pulp of that fruit. For the lleuque 
seed, a considerable value of 21 mg·kg-1 (expressed 
as milligrams of Cy-3Gluc) was found for AC. 
However, it should be pointed out that AC of the 
lleuque pulp was not detected at the conditions 
tested. In general, there were much higher AC 
levels in seeds than in the pulp of the fruits. These 
data provide evidence of the difference in antioxi-
dant compounds among the pulp and seed(s) of 
both of these Chilean native fruits.

A similar situation was observed by Onivogui 
et al. [31] for Anisophyllea laurina R. Br. ex Sabine 
fruits, where PC and FC levels in the pulp extract 
were higher than in the seed extract. On the other 
hand, an opposite situation was observed in ex-
tracts of Annona fruits, where PC and FC levels 
in the seed extract were higher than in the pulp 
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Fig. 3. Antioxidant compounds contents of the pulp and seeds of lleuque and copihue.

A – polyphenols, B – flavonoids, C – anthocyanins.
Values represent mean ± standard deviation (n = 3). Different lowercase letters above bars indicate significant differences 
between mean values (p < 0.05). Polyphenols content is expressed as milligrams of gallic acid equivalent per kilogram of dry 
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ND – not detected at the conditions tested.
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extract [32]. A  previous work of Jiménez-Aspee 
et  al. [3] indicated that PC of a  lleuque extract 
(retained in the resin Amberlite XAD7) ranged 
from 20 g·kg-1 to 73 g·kg-1, while FC ranged from 
13  g·kg-1 to 53 g·kg-1 (expressed as grams of ca
techin equivalent). For the different parts of the 
fruits, namely pulp and seeds from lleuque and 
copihue, no reports have been published so far. 
However, Seguel Benítez et al. [4] reported PC 
of the whole copihue fruit to be 3 600 mg·kg-1. 

In the case of AC, our results have a trend simi-
lar to that of Ali et al. [33] and Orqueda et al. 
[34], where it was reported that the seed(s) extract 
showed a higher AC than the pulp of pomegranate 
and red chilto fruits, respectively. For the whole 
copihue fruit, in 2016 AC of 140 mg·kg-1 was re-
ported (expressed as milligrams of malvidin-3-
glucoside) [4]. That value is consistent with those 
found in this work.

Choi et al. [35] indicated that the weight of 
the seed affects the content of anthocyanins, iso-
flavones and phenolics, as well as the antioxidant 
activities in black soybeans. Pastrana-Bonilla 
et al. [36] investigated ten cultivars of muscadine 
grapes (five bronze-skin and five purple-skin) and 
reported that the total AC of the seeds of purple 
grapes was 1.3-fold higher than that of bronze 
grape seeds. These authors explained the higher 
AC of the seeds by possible migration of pigments 
from the skin to the pulp or some tinting from rup-
tured skin cells during the process of separation of 
the fruit into its parts. On the contrary, Snyder 
et al. [37] observed that the seeds of raspberry 
contained almost no anthocyanins.

Antioxidant capacity 
Various methods are available for evaluating 

the antioxidant capacity of foods. However, to 
establish authenticity of the antioxidant capacity 
of food, it is recommended to use two methods, 
because of the complex reactivity of bioactive 
compounds present in food [38]. Thus, the antioxi-

dant capacity of pulp and seeds from lleuque and 
copihue fruits was measured using three methods, 
DPPH radical-scavenging test, FRAP test and 
ABTS radical-scavenging test. The results ob-
tained for the Chilean native fruits in the differ-
ent parts (pulp and seeds) showed that these fruits 
present high antioxidant capacity by all the three 
methods (Tab. 2). 

Lleuque fruit pulp had the highest antioxidant 
capacity value AABTS (9 161 µmol·kg-1; p < 0.05), 
followed by ADPPH (1 992 µmol·kg-1) and AFRAP 
(1 413 µmol·kg-1). The same behaviour was ob-
served for the copihue pulp, however, no anti-
oxidant capacity was determined by the DPPH 
method. This can be explained by the fact that 
the nitrogen radical, DPPH, has a  long mean re-
action time and has no similarity to the transient 
and strongly reactive peroxyl radicals that promote 
lipid oxidation. Therefore, several antioxidant 
compounds that react rapidly with peroxide radi-
cals may react slowly or be inert to DPPH radical 
[39]. Tab. 2 shows that the lleuque and copihue 
fruit seeds are a good source of antioxidant com-
ponents. 

The seeds of the lleuque fruit presented 
the highest antioxidant capacity values AABTS 
(1 527 µmol·kg-1), AFRAP (720 µmol·kg-1) and 
ADPPH (257 µmol·kg-1). In the case of the seeds 
of the copihue fruit, no antioxidant capacity was 
detected by the DPPH method. However, by 
the ABTS and FRAP methods, the values of 
the total antioxidant capacity were found above 
500 µmol·kg-1. In summary, the part of the fruits 
notably influences the total antioxidant capacity of 
the whole fruit. A  comparison of the antioxidant 
capacity of the lleuque and copihue fruits cor-
roborates the finding of Jiménez-Aspee et al. [3] 
and Fuentes et al. [40], who observed comparable 
values of the antioxidant capacity in lleuque ex-
tract (retained in the resin Amberlite XAD7) and 
other native fruits (Maqui, Murta, Calafate, Ar-
rayán and Chilean strawberry).

Tab. 2. Antioxidant capacity of the pulp and seeds of lleuque and copihue determined using different methods.

Antioxidant capacity
Lleuque Copihue

Pulp Seeds Pulp Seeds

AABTS [µmol kg-1] 9 161 ± 153 a 1 527 ± 94 a 12 330 ± 297 a 963 ± 149 a

AFRAP [µmol kg-1] 1 992 ± 0 b 720 ± 39 b 3 951 ± 153 b 546 ± 0 b

ADPPH [µmol kg-1] 1 413 ± 0 c 257 ± 82 c IN IN

Values represent mean ± standard deviation (n = 3). Antioxidant capacity is expressed as micromoles of Trolox equivalents 
per kilogram of dry weight. Different lowercase letters in rows indicate significant differences between mean values (p < 0.05).
AABTS – antioxidant capacity determined by ABTS radical-scavenging test, AFRAP – antioxidant capacity determined by ferric 
reduction antioxidant power test, ADPPH – antioxidant capacity determined by DPPH radical scavenging test, IN – inactive.
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The correlation coefficients of antioxidant ca-
pacities, PC, FC and AC are presented in Tab. 3. 
PC, FC and AC were correlated significantly 
(p < 0.05) with AABTS, AFRAP and ADPPH, except 
for AC and ADPPH that did not present significant 
correlation. These values showed that PC, FC and 
AC have an important contribution to the antioxi-
dant capacity. In general, the results showed that 
PC had the highest correlation with antioxidant 
capacity, followed by FC and AC. For AC, the cor-
relation coefficients were less than zero (negative 
values), that is, the antioxidant capacity, PC and 
FC were inversely related with AC. Therefore, 
when the AC was high, the antioxidant capacity 
(AABTS, AFRAP and ADPPH), PC and FC were low. 
This implies that AC could be the main contribu-
tor to the antioxidant capacity of seeds of the two 
native Chilean fruits. 

GAS and RACI are summarized in Fig. 4. GAS 
allowed us to find the sample with the highest 
antioxidant capacity. The results showed that 
lleuque pulp presented the highest antioxidant 
capacity, followed by lleuque seed, copihue pulp 
and copihue seeds (Fig. 4). On the other hand, 
RACI shows the comparison of the antioxidant 
capacity values obtained from various proce-
dures such as AABTS, AFRAP and ADPPH. This di-
mensionless index calculates the range between 
the mean and the raw data by standard deviation 
units [41]. Based on the RACI values of the four 
extracts, Fig.  4 shows that the lleuque and copi-
hue pulps had the highest values (0.99 and 0.98, 
respectively), followed by copihue seeds and the 
lleuque seeds (0.95 and 0.88, respectively). In 
addition, the behaviour of RACI matched with the 
values obtained by the methods measuring anti-
oxidant capacity (AABTS, AFRAP and ADPPH). Sun 
and Tanumihardjo [42] observed that there was 
a  correlation between RACI and each method of 
measurement of antioxidant capacity. Thus, this 

index makes it possible to represent the anti-
oxidant capacity of a  food obtained by different 
methods.

PAC calculations made it possible to estimate 
the contribution of the polyphenols present in the 
studied extracts for each method of antioxidant 
capacity measurement. As shown in Fig. 5, nota-
ble variations were observed between PAC values 
of the different antioxidant capacity methods for 
the same extract. The highest PAC values were 
obtained for ABTS assay, while PAC values for 
DPPH assay were much lower. These findings 
taken together suggest that polyphenols were an 
important contributor to antioxidant capacity in all 
extracts. It should be noted that high PAC is not 
associated with high antioxidant capacity of the ex-
tracts, but it rather contributes to the antioxidant 
capacity per sample and assay evaluated.

Tab. 3. Correlation coefficients of antioxidant compounds contents and antioxidant capacity.

AABTS AFRAP ADPPH PC FC AC

AABTS 1          

AFRAP 0.953* 1        

ADPPH 0.998* 0.999* 1    

PC 0.962* 0.931* 0.999* 1    

FC 0.863* 0.986* 0.998* 0.920* 1  

AC  –0.748* –0.748*     –0.529 –0.902*  –0.996* 1

* – correlation was established as statistically significant at p < 0.05.
AABTS – antioxidant capacity determined by ABTS radical-scavenging test, AFRAP – antioxidant capacity determined by ferric 
reduction antioxidant power test, ADPPH – antioxidant capacity determined by DPPH radical scavenging test, PC – phenolics 
content, FC – flavonoids content, AC – anthocyanins content.
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Conclusions

This study showed that Chilean native fruits 
lleuque and copihue are rich in bioactive com-
pounds, allowing to open opportunities for va
lorization of these non-domesticated species. 
In addition, we observed that each part of the 
fruit notably influences the content of bioactive 
compounds and the total antioxidant capacity. 
According to the statistics applied, RACI and GAS 
showed a  strong match with antioxidant capacity, 
providing representative values for the seed and 
pulp extracts of lleuque and copihue fruits. On the 
other hand, PAC showed that polyphenols were an 
important contributor to antioxidant capacity in all 
extracts. The results suggest that consumption of 
these fruits may play a  significant medicinal role, 
because they are a good source of antioxidants.
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