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SCIENTIFIC NOTE

S

POLYPHENOL CONTENT AND ANTIOXIDANT ACTIVITY OF MAQUI 
(Aristotelia chilensis [MOLINA] STUNTZ) DURING FRUIT DEVELOPMENT 
AND MATURATION IN CENTRAL CHILE

Carolina Fredes1*, Gloria Montenegro1, Juan Pablo Zoffoli1, Miguel Gómez1, and Paz Robert2

Maqui (Aristotelia chilensis [Molina] Stuntz, Elaeocarpaceae) is a Chilean native species which produces small berries 
WKDW�DUH�PDLQO\�FROOHFWHG�IURP�WKH�ZLOG��7KH�KHDOWK�EHQHÀWV�RI�PDTXL�IUXLW�DUH�DWWULEXWHG�WR�WKHLU�KLJK�SRO\SKHQRO�FRQWHQW�DV�
ZHOO�DV�WKHLU�ZLGH�YDULHW\�RI�DQWKRF\DQLQV�DQG�ÁDYRQROV��2QH�RI�WKH�PDLQ�IDFWRUV�WKDW�DIIHFW�WKH�SRO\SKHQRO�FRQWHQW�LQ�IUXLW�
LV�WKH�PDWXULW\�VWDJH�DW�KDUYHVW��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WRWDO�SKHQRO�DQG�WRWDO�DQWKRF\DQLQ�FRQWHQW�DQG�
DQWLR[LGDQW�DFWLYLW\��E\�IHUULF�UHGXFLQJ�DELOLW\�RI�SODVPD�>)5$3@�DVVD\��RI�PDTXL�IUXLWV�KDUYHVWHG�DW�GLIIHUHQW�IUXLW�PDWXULW\�
VWDJHV�IURP�WZR�ZLOG�SRSXODWLRQV�ORFDWHG�LQ�&HQWUDO�&KLOH��(DFK�PDWXULW\�VWDJH�ZDV�GHWHUPLQHG�E\�GD\V�IURP�IUXLW�VHW��EHUU\�
VL]H��DQG�VROXEOH�VROLGV��7RWDO�SKHQRO�FRQWHQW�GHFOLQHG�ZKLOH�WRWDO�DQWKRF\DQLQ�FRQWHQW�LQFUHDVHG�IURP�WKH�JUHHQ�WR�OLJKW�
UHG�VWDJH��1HYHUWKHOHVV��ERWK�WRWDO�SKHQRO�DQG�DQWKRF\DQLQ�FRQWHQW�LQFUHDVHG�IURP�WKH�OLJKW�UHG�WR�GDUN�SXUSOH�VWDJH��7KH�
KLJKHVW�DQWKRF\DQLQ�FRQWHQW�DQG�DQWLR[LGDQW�DFWLYLW\�ZDV�IRXQG�LQ�WKH�ODWH�PDWXULW\�VWDJH��GDUN�SXUSOH���7KH�UHVXOWV�VKRZ�
WKDW�ULSHQLQJ�LQ�PDTXL�IUXLW�FDQ�EH�H[SHFWHG�ZLWK������JURZLQJ�GHJUHH�GD\V�����G�DIWHU�IUXLW�VHW��LQ�&HQWUDO�&KLOH��$W�WKLV�
PRPHQW�RI�KDUYHVW��IUXLWV�ZLWK��������%UL[�KDYH�WKH�KLJKHVW�DQWKRF\DQLQ�FRQWHQW�DQG�DQWLR[LGDQW�DFWLYLW\��)5$3���7KLV�
VWXG\�FRQVWLWXWHV�WKH�ÀUVW�DGYDQFHV�LQ�WKH�XQGHUVWDQGLQJ�RI�PDTXL�IUXLW�ULSHQLQJ�DQG�FRUUHVSRQGLQJ�DQWLR[LGDQW�DFWLYLW\�
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tudies of polyphenols in maqui (Aristotelia chilensis 
[Molina] Stuntz, Elaeocarpaceae�� IUXLWV� VKRZ� JUHDW�

potential as a source of natural antioxidants (Fredes, 
������� 7KHVH� IUXLWV� KDYH� KLJKHU� WRWDO� SKHQRO� FRQWHQW�
DQG� DQWLR[LGDQW� DFWLYLW\� WKDQ� RWKHU� VSHFLHV� UHFRJQL]HG�
IRU� WKHLU� KLJK� SRO\SKHQRO� FRQWHQW� VXFK� DV� EODFNEHUULHV�
(Rubus spp.), blueberries (Vaccinium corymbosum L.), 
raspberries (Rubus idaeus L.), strawberries (Fragaria 
×ananassa Duchesne ex Rozier) and others (Miranda-
Rottmann et al., 2002; Araya et al��� �������0DTXL� IUXLW�
phenolic extracts have also shown antioxidant activity 
in-vivo (Céspedes et al., 2008). The main compounds in 
PDTXL�IUXLWV�DUH�SKHQROLF�DFLGV��ÁDYRQROV��TXHUFHWLQ��UXWLQ��
P\ULFHWLQ��� ÁDYDQROV� �FDWHFKLQV�� HSLFDWHFKLQ��� DQG� HLJKW�
DQWKRF\DQLQV��(VFULEDQR�%DLOyQ�et al���������&pVSHGHV�et 
al���������6FKUHFNLQJHU et al���������5RMR�et al., 2012).
� (YHQ�WKRXJK�DGYDQFHV�LQ�SRO\SKHQRO�FKDUDFWHUL]DWLRQ�
of maqui are vast, no data on the development of phenolic 
FRPSRXQGV�DQG�DQWLR[LGDQW�DFWLYLW\�GXULQJ�WKH�SURFHVV�RI�

IUXLW�PDWXUDWLRQ�DQG�ULSHQLQJ�KDYH�EHHQ�UHSRUWHG��%HFDXVH�
anthocyanins are the focus of interest in maqui fruit it is 
necessary to establish the best maturity index in order to 
optimize the anthocyanin content in maqui fruit.
� 0DTXL�LV�D�&KLOHDQ�QDWLYH�VSHFLHV�WKDW�JURZV�QDWXUDOO\�
DV� DQ� HYHUJUHHQ� EXVK� RU� WUHH� IURP� /LPDUt� ����� 6� ODW��
&RTXLPER�5HJLRQ��WR�$\VpQ������6�ODW��$\VpQ�GHO�*HQHUDO�
&DUORV�,EixH]�GHO�&DPSR�5HJLRQ���&KLOH��IURP�WKH�FRDVW�
WR������P�D�V�O�� �5RGUtJXH]�et al����������,W� LV�D�SLRQHHU�
species (that colonizes disturbed environments) and 
LV� FRQVLGHUHG� D� ZRRG\� VSHFLHV� ZLWK� JUHDW� FDSDFLW\� IRU�
UHJHQHUDWLRQ�LQ�SLQH�IRUHVWV�RI�FHQWUDO�DQG�VRXWKHUQ�&KLOH�
�*yPH]� et al��� ������� IRUPLQJ� ZLOG� SRSXODWLRQV� FDOOHG�
“macales”. In continental Chile it appears abundantly 
DIWHU� ORJJLQJ�RI� QDWLYH� IRUHVWV� DQG� LW� LV� RQO\� FRQVLGHUHG�
D� ZHHG� LQ� WKH� -XDQ� )HUQiQGH]� $UFKLSHODJR�� ZKHUH� LW�
FRYHUV�VLJQLÀFDQW�DUHDV��GLVSODFLQJ�QDWLYH�ÁRUD��0DWWKHL��
������'LUQERFN���������,Q�QDWLYH�IRUHVWV�LQ�&HQWUDO�&KLOH��
maqui is a secondary species where populations of quillay 
(Quillaja saponaria Molina), litre (Lithraea caustica 
>0ROLQD@�+RRN��	�$UQ��� DQG� SHXPR� �Cryptocarya alba 
>0ROLQD@�/RRVHU��DUH�SUHGRPLQDQW��*DMDUGR���������0DTXL�
fruits are mainly collected from the wild from December 
WR�-DQXDU\��0RQWHQHJUR���������0DTXL�FRPPHUFLDO�FURSV�
do not exist yet. For this reason it is necessary to establish 
DJURQRPLF�SDUDPHWHUV�IRU�WKHLU�VHOHFWLRQ�DQG�FXOWLYDWLRQ�
� ,Q� UHFHQW� \HDUV�� WKH� VHDUFK� RI� JHQRW\SHV�ZLWK� KHDOWK�
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EHQHÀWV� KDV� EHHQ� FRQVLGHUHG� DQ� LPSRUWDQW� LVVXH� LQ� WKH�
VWXG\� RI� VSHFLHV� UHFRJQL]HG� IRU� WKHLU� KLJK� DQWKRF\DQLQ�
FRQWHQW� OLNH� VWUDZEHUULHV� �&DSRFDVD� et al., 2008a; 
����E��� EODFNEHUULHV� �&XHYDV�5RGUtJXH]� et al., 2010) 
and cranberries (Vaccinium macrocarpon Aiton) (Brown 
et al��� ������� 7KXV�� WKH� NQRZOHGJH� RI� WKH� HYROXWLRQ� RI�
DQWKRF\DQLQ� FRQWHQW� GXULQJ� WKH� IUXLW� GHYHORSPHQW� DQG�
PDWXULW\� LV� HVVHQWLDO� WR� VHOHFW� WKH� EHVW�PDTXL� JHQRW\SHV�
DFFRUGLQJ� WR� KLJK� DQWKRF\DQLQ� FRQWHQW� �9YHGHQVND\D�
DQG� 9RUVD�� ������ .XONDUQL� DQG� $UDGK\D�� ������ :DQJ�
et al��� ������� ,Q� WKLV� FRQWH[W� WKH� DLP� RI� WKLV� VWXG\�ZDV�
WR� GHWHUPLQH� FKDQJHV� RI� SRO\SKHQRO� FRQWHQW� DQG� WKH�
FRUUHVSRQGLQJ�DQWLR[LGDQW�DFWLYLW\�RI�PDTXL�GXULQJ�IUXLW�
PDWXUDWLRQ�DQG�ULSHQLQJ�LQ�&HQWUDO�&KLOH��

MATERIALS AND METHODS

Plant material
Maqui fruits were collected from two wild populations 
ORFDWHG� LQ� WKH� /LEHUWDGRU� *HQHUDO� %HUQDUGR� 2·+LJJLQV�
5HJLRQ� RI� &HQWUDO� YDOOH\� RI� &KLOH� �)LJXUH� ���� %RWK� WKH�
3DUHGRQHV� ������·� 6�� �����·� :�� DQG� 5DQFDJXD� �����·�
6�������·�:��VLWHV�RI�PDTXL�IUXLW�VDPSOLQJ�ZHUH�ORFDWHG�
������ NP� DSDUW� DQG� FRUUHVSRQG� WR� H[DPSOHV� RI� ZLOG�
SRSXODWLRQV� SODFHG�PRVW� FORVH� WR� WKH� FRDVW� �3DUHGRQHV��
DQG�LQ�WKH�PLGGOH�YDOOH\��5DQFDJXD��
� 'XULQJ� ÁRZHULQJ�� IHPDOH� LQGLYLGXDOV�ZHUH� LGHQWLÀHG�
and labeled. At least 50% of female individuals in each 
VLWH� RI� VDPSOLQJ�ZHUH� VHOHFWHG��9HU\� \RXQJ� LQGLYLGXDOV�
DQG� SODQWV� ZLWK� OHDI� GDPDJH� ZHUH� GLVFDUGHG�� 0DTXL�
IUXLW�VDPSOHV������IUXLWV��ZHUH�WDNHQ�UDQGRPO\�IURP�ÀYH�
LQGLYLGXDOV� SHU� VLWH� RI� VDPSOLQJ� DW� ������ G� LQWHUYDOV� WR�
JHW� ÀYH� GLIIHUHQW� PDWXULW\� VWDJHV� VWDUWLQJ� DW� WKH� HQG� RI�
October (21 d from fruit set). Fruits were transferred 
LQ�D�FRROHU� ����&��GXULQJ� WKH�GD\�RI�HDFK�KDUYHVW� WR� WKH�
laboratory for analysis. Then, samples of each individual 

ZHUH� VHSDUDWHG� LQ� WZR�JURXSV� IRU� DQDO\WLFDO�SURFHGXUHV��
All the parameters were analyzed in triplicate.
� %HUU\�ZHLJKW�ZDV�GHWHUPLQHG�E\� WKH�PHDQ�ZHLJKW�RI�
��� IUHVK� IUXLWV� �9YHGHQVND\D�DQG�9RUVD���������6OXUULHV�
were used to determine total soluble solid (SS) content 
E\� UHIUDFWRPHWU\� �$7$*2�6SHFWUXP� 7HFKQRORJLHV��
3ODLQÀHOG��,OOLQRLV��86$��

Climatic information
3DUHGRQHV� DQG� 5DQFDJXD� PLQLPXP� DQG� PD[LPXP� DLU�
GDLO\� WHPSHUDWXUHV�� FXPXODWLYH� UDLQIDOO� DQG� JURZLQJ�
GHJUHH�GD\V� ZHUH� UHFRUGHG� IURP� 2FWREHU� WR� 'HFHPEHU�
�IURP� ÁRZHU� IXOO� SKDVH� WR� IUXLW� KDUYHVW�� IRU� ������7KLV�
LQIRUPDWLRQ� ZDV� SURYLGHG� E\� &KLOHDQ� 0HWHRURORJLFDO�
Service for weather stations closest to the respective sites 
RI�VDPSOLQJ��

Determination of total phenols
6DPSOHV�IRU�DQWLR[LGDQW�DQDO\VLV�ZHUH�SUHSDUHG�E\�XVLQJ�
DFLGLÀHG� PHWKDQRO� ������ +&O�� PHWKRG� GHVFULEHG� E\�
5RGDUWH�&DVWUHMyQ�et al����������$�JULQGHG�VDPSOH������J��
ZDV�PL[HG�YLJRURXVO\�ZLWK� ��P/�RI� DFLGLÀHG�PHWKDQRO�
������+&O��IRU���K�DQG�FHQWULIXJHG�IRU����PLQ�DW������USP��
6XSHUQDWDQW�ZDV� FROOHFWHG� LQ� D� ���P/�YROXPHWULF�ÁDVN��
7KH�UHVLGXH�ZDV�WUHDWHG�DJDLQ�WZLFH�ZLWK���P/�DFLGLÀHG�
PHWKDQRO� DQG� ���PLQ� FHQWULIXJDWLRQ�� 6XSHUQDWDQWV�ZHUH�
FROOHFWHG� DQG� VWDQGDUGL]HG� WR� D�ÀQDO� YROXPH�RI� ���P/��
7RWDO� SKHQROV� �73��ZHUH�GHWHUPLQHG�E\�)ROLQ�&LRFDOWHX�
PHWKRG��6LQJOHWRQ�DQG�5RVVL���������0DTXL�IUXLW�H[WUDFW��
GLVWLOOHG�ZDWHU��DQG�)ROLQ�&LRFDOWHX·V�SKHQRO�UHDJHQW�ZHUH�
added and the mixture was incubated for 3 min, at which 
time 20% sodium carbonate was added. After 30 min, 
the absorbance was measured in a spectrophotometer 
�8QLFDP�89�9,6�$7,�81,&$0��&DPEULGJH��8.��DW�����
QP��*DOOLF�DFLG�ZDV�XVHG�DV�WKH�VWDQGDUG��DFFRUGLQJ�WR�D�
FDOLEUDWLRQ�FXUYH�������������J�P/-1; R2� ����������7KH�
UHVXOWV�ZHUH�H[SUHVVHG�DV�JUDPV�RI�JDOOLF�DFLG�HTXLYDOHQW�
�*$(��SHU�NLORJUDP�IUHVK�ZHLJKW��J�*$(�NJ-1 fw).

Determination of total anthocyanins
Total anthocyanins (TA) were determined by differential 
S+�PHWKRG� �:UROVWDG��������XVLQJ�D� VSHFWURSKRWRPHWHU�
�8QLFDP� 89�9,6� $7,� 81,&$0�� &DPEULGJH�� 8.���
Absorbance of maqui fruit extract was measured at 515 
DQG�����QP�LQ�S+�����DQG�����EXIIHUV�UHVSHFWLYHO\�XVLQJ�
A = (A515 - A700) pH 1.0 - (A515 - A700) pH 4.5 with 
D� PRODU� H[WLQFWLRQ� FRHIÀFLHQW� RI� �������� 5HVXOWV� ZHUH�
H[SUHVVHG� DV� JUDPV� RI� F\DQLGLQ���JOXFRVLGH� HTXLYDOHQW�
SHU�NLORJUDP�IUHVK�ZHLJKW��J�FLD���JOX�NJ-1 fw).

Determination of antioxidant capacity 
Antioxidant capacity (AA) was determined by ferric 
UHGXFLQJ�DELOLW\�RI�SODVPD��)5$3��PHWKRG�DV�GHVFULEHG�
E\�%HQ]LH� DQG�6WUDLQ� ������� XVLQJ� D� VSHFWURSKRWRPHWHU�
�8QLFDP� 89�9,6� $7,� 81,&$0�� &DPEULGJH�� 8.���
'HWHUPLQDWLRQ�ZDV�FRQGXFWHG�XVLQJ�WKUHH�DTXHRXV�VWRFN�

Figure 1. Distribution of maqui in Chile (a). Sites of maqui fruit sampling 
and their georeferences in the Libertador General Bernardo O’Higgins 
Region (VI Region) of Central Chile (b).
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VROXWLRQV�FRQWDLQLQJ�����PRO�/-1�DFHWDWH�EXIIHU��S+�������
10 mmol L-1� 737=� >������WULV���S\ULG\O��������WULD]LQH@�
DFLGLÀHG�ZLWK�FRQFHQWUDWHG�+&O�����P0���DQG����PPRO�
L-1 FeCl3��6WRFN�VROXWLRQV�ZHUH�FRPELQHG���������Y�Y�Y��
WR�JHW�WKH�)5$3�UHDJHQW�MXVW�SULRU�WR�DQDO\VLV������P/�RI�
)5$3�UHDJHQW�������/�RI�PLOLT�+2O and 30 µL of sample 
extract were mixed. After 10 min, the absorbance was 
PHDVXUHG�DW�����QP��$TXHRXV�VWDQGDUG�VROXWLRQV�RI�)H624 
7H2O (0-1000 µM) were used for the calibration curve 
and the results were expressed as mmol of Fe2+ equivalent 
SHU�NLORJUDP�IUHVK�ZHLJKW��PPRO�(�)H2+�NJ-1 fw).

Statistical analysis
Results were expressed as the mean and standard deviation 
RI� WKH� ÀYH� LQGLYLGXDOV� IRU� HDFK� SDUDPHWHU� LQ� WKH� ÀYH�
PDWXULW\� VWDJHV� SHU� VLWH� RI� VDPSOLQJ�� &DOFXODWLRQV�ZHUH�
SHUIRUPHG�ZLWK�6$6�����IRU�0LFURVRIW�:LQGRZV�������
2008, SAS Institute, Cary, North Carolina, USA). The 
VLJQLÀFDQFH�EHWZHHQ�PDWXULW\�VWDJHV�IRU�HDFK�SDUDPHWHU�
ZDV� FDOFXODWHG� ZLWK� D� 7XNH\�+6'� �+RQHVW� 6LJQLÀFDQW�
'LIIHUHQFHV��PXOWLSOH�FRPSDULVRQ�WHVW��S���������

RESULTS AND DISCUSSION

Fruit development and phenolic maturation in two 
wild populations of Central Chile
Due to the wide distribution of maqui in Chile, two sites of 
VDPSOLQJ�LQ�WKH�VDPH�ODWLWXGH������6��ZHUH�FKRVHQ�IRU�WKLV�
study in order to minimize climatic incidences. However, 
VOLJKW� GLIIHUHQFHV� EHWZHHQ� ERWK� VDPSOLQJ� VLWHV� PD\� EH�
REVHUYHG� GXH� WR� WKH� PDULWLPH� DQG� DOWLWXGH� LQÁXHQFH� LQ�
WKHVH�DUHDV��)LJXUH����
� )ORZHU� SKDVHV� ZHUH� UHFRUGHG� GXULQJ� WKH� ÀUVW� DQG�
VHFRQG�ZHHNV�RI�2FWREHU�IRU�ERWK�IUXLW�VDPSOLQJ�VLWHV�WKH�
������)UXLWV�ZHUH�KDUYHVWHG�LQ�������G�LQWHUYDOV�VKRZLQJ�
ÀYH� GLIIHUHQW� PDWXULW\� VWDJHV�� 7KH� QDPHV� IRU� HDFK�
PDWXULW\�VWDJH�ZHUH�JLYHQ�DFFRUGLQJ� WR� WKH�FRORU� WKDW�DW�
least the 50% of the fruits showed at each time of harvest. 
7KH�ÀUVW��JUHHQ�,�����G�IURP�IUXLW�VHW��DQG�VHFRQG��JUHHQ�
,,��VWDJHV�ZHUH�FKDUDFWHUL]HG�E\�JUHHQ�IUXLWV�ZKHUHDV�WKH�
WKLUG�VWDJH�ZDV�FKDUDFWHUL]HG�E\�IUXLWV�WKDW�EHJDQ�WR�VKRZ�
UHG�FRORU��OLJKW�UHG���7KH�IRXUWK��SXUSOH��DQG�ÀIWK��GHHS�
SXUSOH�� VWDJHV� FRQVLVWHG� RI� SXUSOH� IUXLWV�� $OWKRXJK� WKH�
IUXLW�VHW�ZDV�REVHUYHG�ÀUVW�LQ�3DUHGRQHV��WKH�IUXLW�KDUYHVW�
LQ�ERWK�VDPSOLQJ�VLWHV�ZDV�GXULQJ�WKH�VDPH�ZHHN��7KLV�LV�
FRQJUXHQW�ZLWK� WKH�PLQLPXP�GLIIHUHQFH� RI� WKH� JURZLQJ�
GHJUHH�GD\V� EHWZHHQ� ERWK� 3DUHGRQHV� DQG� 5DQFDJXD�
VDPSOLQJ�VLWH��)LJXUH��%���0DTXL�IUXLWV�IURP�DOO�DQDO\]HG�
LQGLYLGXDOV� EHJDQ� WR� VKRZ� GHK\GUDWLRQ� D� ZHHN� DIWHU�
WKH�ÀIWK�KDUYHVW� VWDJH� LQGLFDWLQJ� WKDW� WKLV�ZDV� WKH� ODWHVW�
PDWXULW\�VWDJH��
� $V�H[SHFWHG�ZLWK�QDWXUDO�ULSHQLQJ�RI�PDTXL�� WKH�IUXLW�
ZHLJKW�RI�5DQFDJXD�DQG�3DUHGRQHV�EHUULHV�SURJUHVVLYHO\�
LQFUHDVHG� IURP������ WR������DQG������ WR������J�SHU�����
EHUULHV�� UHVSHFWLYHO\� �7DEOH� ���� 7KH� KLJKHVW� LQFUHDVH� LQ�
ZHLJKW� RFFXUUHG� EHWZHHQ� JUHHQ� ,,� DQG� OLJKW� UHG� VWDJHV�

ZLWK� VLJQLÀFDQW� GLIIHUHQFHV� EHWZHHQ� ERWK� VWDJHV��ZKHUH�
5DQFDJXD�IUXLWV�VKRZHG�D�KLJKHU�LQFUHDVH�LQ�ZHLJKW�WKDQ�
3DUHGRQHV�IUXLWV��)UXLW�ZHLJKWV�ZHUH�YHU\�VLPLODU�IRU�ERWK�
VDPSOLQJ� VLWHV� DW� WKH� ODWH� PDWXULW\� VWDJH� �GHHS� SXUSOH��
ZKLFK�FRUUHODWHV�WR�WKH�ORZ�UDLQIDOO�W\SLFDO�RI�WKH�VSULQJ�
DQG�VXPPHU�VHDVRQV�LQ�WKH�UHJLRQ�VWXGLHG��7RWDO�UDLQIDOO�
LQ�3DUHGRQHV�DQG�5DQFDJXD�UHDFKHG�PD[LPXP�YDOXHV�RI�
���DQG������PP�GXULQJ�WKH�JURZLQJ�VHDVRQ��UHVSHFWLYHO\�
�)LJXUH� �&��� DQG� WKH� ODWHVW� UDLQIDOO� ZDV� UHFRUGHG� RQ�
24 November (3.4 mm) and 23 October (12.4 mm), 
respectively.
� 0DTXL�IUXLW�ZHLJKW�ZDV�VLJQLÀFDQWO\�ORZHU�WKDQ�RWKHU�
VSHFLHV�UHFRJQL]HG�DV�EHUULHV��VXFK�DV�FUDQEHUU\��������J�
per 100 berries) and calafate (Berberis buxifolia Lam., 
�����J�SHU�����EHUULHV���$UHQD�DQG�&XUYHWWR��������&HOLN�

Figure 2. Climatic data for weather stations near Paredones (34°36’ S, 
76°53’ W) and Rancagua (34°7’ S, 70°51’ W) sites of maqui fruit sampling: 
(a) minimum and maximum air daily temperatures, (b) cumulative 
rainfall and (c) growing degree-days (5 °C base) were recorded from 
October to December 2010. 
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et al., 2008). The comparison with these other fruits 
LQGLFDWHV� WKDW� PDTXL� IUXLW� KDV� D� KLJKHU� VXUIDFH�YROXPH�
ratio. 
� 6ROXEOH� VROLGV� �66�� RI� 5DQFDJXD� DQG� 3DUHGRQHV�
IUXLWV�LQFUHDVHG�IURP�����WR������DQG������WR�������%UL[��
UHVSHFWLYHO\��GXULQJ�IUXLW�PDWXUDWLRQ��7DEOH����GXH�WR�WKH�
DFFXPXODWLRQ� RI� VXJDUV�� 7KLV� LQFUHDVH�ZDV� VLJQLÀFDQWO\�
GLIIHUHQW� IRU� HDFK� PDWXULW\� VWDJH�� DOWKRXJK� FRPSDUDEOH�
results for this variable was observed in both maqui fruit 
VDPSOLQJ� VLWHV�� 7KH� VLPLODU� DLU� WHPSHUDWXUH� FRQGLWLRQV�
RI� ERWK� IUXLW� VDPSOLQJ� VLWHV� GXULQJ� WKH� VHDVRQ� RI� VWXG\�
�)LJXUHV� �$�� FRXOG� H[SODLQ� WKHVH� UHVXOWV� DQG� WKH� RWKHU�
parameters evaluated as discussed below. The lowest 
66�ZHUH�REWDLQHG� LQ� WKH�PRVW� LPPDWXUH� IUXLWV� �JUHHQ� ,��
ZKHUHDV� WKH� KLJKHVW� 66� ZHUH� REWDLQHG� ��� G� DIWHU� IUXLW�
set. The results indicated that maqui fruit have more SS 
WKDQ� RWKHU� EHUU\� IUXLWV� VXFK� XV� EOXHEHUU\� ������ �%UL[���
SRPHJUDQDWH��Punica granatum�/�������%UL[���EODFNEHUU\�
������ �%UL[��� UDVSEHUU\� ������ �%UL[�� DQG� FUDQEHUU\� �����
�%UL[�� �6LULZRKDUQ� et al��� ������.XONDUQL� DQG�$UDGK\D��
������&HOLN�et al���������5RGDUWH�&DVWUHMyQ�et al., 2008; 
:DQJ�et al����������

Total phenols during maqui fruit development and 
maturation 
The main factors that affect the polyphenol content in 
IUXLWV�DUH�JHQRW\SH��HQYLURQPHQW��VWRUDJH�DQG�SURFHVVLQJ��
DQG�VWDJH�DW�KDUYHVW��)UXLWV�KDUYHVWHG�DW�GLIIHUHQW�PDWXULW\�
VWDJHV�SUHVHQW�GLIIHUHQW�FRQWHQWV�DQG�W\SHV�RI�SRO\SKHQROV��
in immature fruits proanthocyanidins are predominant 
while in mature fruits anthocyanins predominate 
�9YHGHQVND\D� DQG�9RUVD�� ������.XONDUQL� DQG�$UDGK\D��
������:DQJ�et al����������7KLV�ÀUVW�VWXG\�LQ�PDTXL�IUXLW�
DWWHPSWHG� WR� XQGHUVWDQG� WKH� PDLQ� FKDQJHV� LQ� SKHQROLF�
FRPSRXQGV� DQG� DQWLR[LGDQW� DFWLYLW\� GXULQJ� WKH� SURFHVV�
RI� IUXLW� PDWXUDWLRQ� DQG� ULSHQLQJ� LQ� RUGHU� WR� HVWDEOLVK�
WKH� EHVW�PDWXULW\� LQGH[� IRU�PDTXL� IUXLW� DFFRUGLQJ� WR� LWV�
anthocyanin content. For this reason, simple, reproducible 
and validated parameters for phenolic determination were 
used.
 Folin Ciocalteu method is the most common assay 
IRU� WKH� HVWLPDWLRQ� RI� 73� LQ� PDQ\� IUXLWV� DQG� IRRGV�
�0HUVPHVWHLQ���������$OWKRXJK�WKLV�PHWKRG�RYHUHVWLPDWHV�
the phenol content due to the presence of L-ascorbic acid 
�YLWDPLQ� &�� �6LQJOHWRQ� DQG� 5RVVL�� ������� PDTXL� ZRXOG�
not present this interference because vitamin C has not 

EHHQ�GHWHFWHG�LQ�IUXLW�DFFRUGLQJ�WR�0LUDQGD�5RWWPDQQ�et 
al����������,Q�WKLV�VWXG\�WKH�KLJKHVW�73�ZDV�UHFRUGHG�IRU�
3DUHGRQHV�LQ�JUHHQ�,,�VWDJH�������J�*$(�NJ-1 fw) and for 
5DQFDJXD�LQ�JUHHQ�,�VWDJH��������J�*$(�NJ-1 fw) but there 
ZHUH�QRW�VLJQLÀFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�ÀUVW�DQG�WKH�
ODWH�PDWXULW\�VWDJH��GHHS�SXUSOH���)LJXUH�����7KH�KLJK�73�
LQ� WKH� ÀUVW�PDWXULW\� VWDJHV�ZDV� VLPLODU� WR� RWKHU� VSHFLHV�
VXFK� DV� VWUDZEHUU\�� FUDQEHUU\�� SRPHJUDQDWH�� WHDEHUU\�
(Gaultheria procumbens� /���� PDQJRVWHHQ� �Garcinia 
mangostana�/LQQ����EOXHEHUU\��DQG�EODFNEHUU\��:DQJ�DQG�
Lin, 2000; Siriwoharn et al���������.XONDUQL�DQG�$UDGK\D��
������&HOLN�et al���������5RGDUWH�&DVWUHMyQ�et al., 2008; 
Tosun et al.��������3OLV]ND�et al���������3RWKLWLUDW�et al., 
������� ZKLFK� KDV� DQ� LPSRUWDQW� HFRORJLFDO� H[SODQDWLRQ��
3ODQWV�ZLWK� LPPDWXUH� IUXLWV� �ZLWKRXW�YLDEOH� VHHGV��KDYH�
KLJK� SKHQRO� DQG� SURDQWKRF\DQLGLQ� FRQWHQWV� WKDW� DFW� DV�
deterrent compounds to prevent their consumption by 
insects and herbivores, whereas ripe fruits have attractive 
FRORUV� �DQWKRF\DQLQV� DQG� RWKHU� SLJPHQWV�� DQG� D� VZHHW�
taste to stimulate their consumption by herbivores and the 
FRQVHTXHQW�GLVSHUVLRQ�RI�VHHGV��3DUU�DQG�%ROZHOO��������
� 7KH�LQFUHDVH�LQ�73�DIWHU�EOXVK��OLJKW�UHG��LV�GLVWLQFWLYH�
to maqui fruit because the species mentioned above 
VKRZ� D� VWHDG\� GHFUHDVH� LQ� SKHQRO� FRQWHQW� GXULQJ� IUXLW�
GHYHORSPHQW� DQG�PDWXULW\��1R� VLJQLÀFDQW�GLIIHUHQFHV� LQ�
WKH� )7� EHWZHHQ� WKH� GLIIHUHQW� PDWXULW\� VWDJHV� RI� PDTXL�
FRXOG�PHDQ�WKDW�WKH�)7�LV�QRW�D�JRRG�LQGLFDWRU�RI�PDTXL�
fruit ripeness. 

9HUWLFDO� EDU� �3DUHGRQHV� LQ� ZKLWH� DQG� 5DQFDJXD� LQ� JUD\�� UHSUHVHQWV� PHDQ� DQG� VWDQGDUG�
GHYLDWLRQ�RI�ÀYH�LQGLYLGXDOV��0HDQV�LQ�HDFK�EDU��3DUHGRQHV�DQG�5DQFDJXD��QRW�IROORZHG�E\�
WKH�VDPH�OHWWHU�DUH�VLJQLÀFDQWO\�GLIIHUHQW��S���������
*$(��JDOOLF�DFLG�HTXLYDOHQW�

Figure 3. Total phenols content of maqui fruits during fruit development 
and maturation.  

���������������������������������������������������������������������������������������������������������������������������������J�SHU�����EHUULHV������������������������������������������������������������������%UL[�
Green I 21 21 10.8 ± 0.7a 10.2 ± 2.1a   5.4 ± 0.2a   5.0 ± 0.2a
*UHHQ�,,� ��� ��� ����������D� ����������D� �����������E� �����������E
/LJKW�UHG� ��� ��� ����������E� ����������E� ����������F� ����������F
3XUSOH� ��� ��� ����������EF� ����������EF� ����������G� ����������G
'DUN�SXUSOH� ��� ��� ����������F� ����������F� ����������H� ����������H

Table 1. Description of the selected maturity stages of maqui fruit harvested in Paredones and Rancagua.

3DUHGRQHV 5DQFDJXD

Days from fruit set

3DUHGRQHV 5DQFDJXD

%HUU\�ZHLJKW

3DUHGRQHV 5DQFDJXD

Soluble solids

6WDJH

0HDQV�DQG�VWDQGDUG�GHYLDWLRQV�EHORQJ�WR�ÀYH�LQGLYLGXDOV��0HDQV�LQ�HDFK�FROXPQ�QRW�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�VLJQLÀFDQWO\�GLIIHUHQW��S����������



587��� CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 72(4) OCTOBER-DECEMBER 2012CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 72(4) OCTOBER-DECEMBER 2012

� 73�FRQWHQW�VKRZHG�D�KLJK�GLVSHUVLRQ�LQ�HDFK�PDTXL�IUXLW�
VDPSOLQJ�VLWH�ZKLFK�FRXOG�EH�H[SODLQHG�E\� WKH�GLIIHUHQW�
LQGLYLGXDOV� �RU� JHQRW\SHV�� ZKHUH� IUXLW� VDPSOHV� ZHUH�
obtained. Maqui is a dioecious plant with cross pollination 
�0RQWHQHJUR�� ������� WKHUHIRUH� D� KLJK� YDULDELOLW\� RI�
JHQRW\SHV� PD\� EH� REVHUYHG� LQ� D� ZLOG� SRSXODWLRQ�� $V�
PHQWLRQHG�DERYH�WKH�JHQRW\SH�LV�RQH�RI�WKH�PDLQ�IDFWRUV�
DIIHFWLQJ�WKH�FRQWHQW�RI�SRO\SKHQROV�LQ�IUXLWV��7KLV�PHDQV�
WKDW� ZLWKLQ� WKH� VDPH� VSHFLHV� VLJQLÀFDQW� GLIIHUHQFHV� LQ�
the types and content of phenolic compounds have been 
GHVFULEHG� �)DQ�&KLDQJ�et al., 2005; Scalzo et al., 2005; 
Reyes-Carmona et al., 2005; Lohachoompol et al., 
������6SHLVN\�et al., 2008). Total phenols content is also 
DIIHFWHG�E\�GLIIHUHQW�HQYLURQPHQWV�LQ�ZKLFK�SODQWV�JURZ�
�3DUU� DQG� %ROZHOO�� ������ *DPEHOOL� \� 6DQWDURQL�� ������
Reyes-Carmona et al., 2005). For this reason, in this study 
WKH�73�FRQWHQW� LQ�ERWK�3DUHGRQHV�DQG�5DQFDJXD�KDG�QR�
important differences due to similar climatic conditions 
RI�ERWK�VDPSOLQJ�VLWHV�LQ�WKH�JLYHQ�JURZLQJ�VHDVRQ��

Total anthocyanins during maqui fruit development 
and maturation 
4XDQWLÀFDWLRQ� RI� DQWKRF\DQLQV� LV� PDLQO\� DFKLHYHG�
HLWKHU� FRORULPHWULFDOO\� RU� E\� KLJK�SHUIRUPDQFH� OLTXLG�
FKURPDWRJUDSK\� �+3/&��� 7KH� SULQFLSDO� PHWKRG� LV� WKH�
pH differential method, widely used in industry, because 
it is a rapid and easily performed procedure (Giusti and 
:UROVWDG�� ������� +RZHYHU�� WKLV� PHWKRG� FDQQRW� SURYLGH�
DQ\� LQIRUPDWLRQ� UHJDUGLQJ� WKH� FRPSRVLWLRQDO� SURÀOH� RI�
anthocyanins and the relative amounts of these compounds. 
,Q� DFFRUGDQFH�ZLWK� IUXLW� FRORU��ÀUVW� �JUHHQ� ,�� DQG� VHFRQG�
�JUHHQ�,,��VWDJHV�RI�PDWXULW\�GLG�QRW�FRQWDLQ�DQWKRF\DQLQV�
�XQGHU� WKH� PHWKRG� FRQGLWLRQV� RI� WKLV� VWXG\��� 6WDUWLQJ� DW�
WKH�OLJKW�UHG�VWDJH��7$�LQFUHDVHG�VLJQLÀFDQWO\�GXULQJ�IUXLW�
PDWXULW\� IRU� ERWK� VDPSOLQJ� VLWHV� �)LJXUH� ���� 7KH� KLJKHVW�
LQFUHDVH� ZDV� REVHUYHG� EHWZHHQ� WKH� OLJKW� UHG� DQG� SXUSOH�
VWDJHV�� 7KHVH� FKDQJHV� DUH� VLPLODU� WR� RWKHU� EHUU\� IUXLWV�

�FUDQEHUU\�� SRPHJUDQDWH�� EODFNEHUU\�� DQG� UHG� UDVSEHUU\��
ZKHUH� FRORU� GHYHORSPHQW� DQG� VXJDU� DFFXPXODWLRQ� �66��
have been associated with the increase in anthocyanin 
SLJPHQW� �6LULZRKDUQ�et al���������.XONDUQL�DQG�$UDGK\D��
������&HOLN�et al., 2008; Tosun et al���������:DQJ�et al., 
�������7KH� ODWH� VWDJH�RI�PDWXULW\� VKRZHG� WKH�KLJKHVW�7$�
IRU�ERWK�3DUHGRQHV�������J�FLD���JOX�NJ-1�IZ��DQG�5DQFDJXD�
������J�FLD���JOX�NJ-1�IZ���DQG�WKLV�ODWH�PDWXULW\�VWDJH�DOVR�
KDG�WKH�KLJKHVW�66��:LWKLQ�WKH�HQYLURQPHQW��DLU�WHPSHUDWXUH�
LV�WKH�PDLQ�IDFWRU�LQÁXHQFLQJ�DQWKRF\DQLQ�FRQWHQW�LQ�IUXLWV�
(Downey et al��� ������ DQG� FRPSDUDEOH� DLU� WHPSHUDWXUHV�
DW� ERWK� VDPSOLQJ� VLWHV� FRXOG� H[SODLQ� VLPLODU� UHVXOWV� IRU�
3DUHGRQHV�DQG�5DQFDJXD�LQ�WKH�JLYHQ�JURZLQJ�VHDVRQ�
� 7KH�KLJK�DQWKRF\DQLQ�FRQWHQW�RI�PDTXL�IUXLW�FDQ�DOVR�
EH�DWWULEXWHG�WR�LWV�KLJK�VXUIDFH�YROXPH�UDWLR��,Q�ERWDQLFDO�
terms maqui fruit corresponds to a berry (fruit with 
PXOWLSOH�VHHGV��ZLWK�D�ÁHVK\�PHVRFDUS�DQG�HQGRFDUS�WKDW�
FRPHV�IURP�D�VXSHULRU�RYDU\�ÁRZHU�>%RZOLQJ������@��DQG�
WKLV�NLQG�RI�IUXLW�DFFXPXODWHV�DQWKRF\DQLQV�PDLQO\�LQ�WKH�
epicarp (peel) (Ghafoor et al���������������:DQJ�et al., 
2012).  

Antioxidant activity during maqui fruit development 
and maturation 
3RO\SKHQROV�DUH�VFDYHQJHUV�RI�D�ZLGH�YDULHW\�RI�UHDFWLYH�
species such as superoxide, hydroxyl radical, peroxyl 
radical, hypochlorous acid, and peroxynitrous acid, 
UHVXOWLQJ�LQ�OHVV�UHDFWLYH�UDGLFDOV��:DQJ�DQG�-LDR��������
Mertz et al��� �������'LIIHUHQW�PHWKRGV� H[LVW� WR� HYDOXDWH�
the AA (Gil et al., 2000; Mermelstein, 2008), both in vitro 
or in vivo�� 7KH� )5$3� PHWKRG� PHDVXUHV� WKH� UHGXFWLRQ�
of ferric ion (Fe3+) to ferrous ion (Fe2+) in the presence 
RI� DQWLR[LGDQWV� �%HQ]LH� DQG�6WUDLQ�� ������� ,Q� WKLV� VWXG\�
WKH�$$�E\�)5$3�PHWKRG�VKRZHG�VLPLODU�EHKDYLRU�WR�73�
�)LJXUH�����DV�$$�GHFUHDVHG�GXULQJ�WKH�ÀUVW�PDWXULW\�VWDJHV�
DQG�LQFUHDVHG�DIWHU�WKH�OLJKW�UHG�VWDJH��1HYHUWKHOHVV��WKH�
KLJKHVW�)5$3�YDOXHV�ZHUH�REVHUYHG�LQ�WKH�ODWH�PDWXULW\�

9HUWLFDO� EDU� �3DUHGRQHV� LQ� ZKLWH� DQG� 5DQFDJXD� LQ� JUD\�� UHSUHVHQWV� PHDQ� DQG� VWDQGDUG�
GHYLDWLRQ�RI�ÀYH�LQGLYLGXDOV��0HDQV�LQ�HDFK�EDU��3DUHGRQHV�DQG�5DQFDJXD��QRW�IROORZHG�E\�
WKH�VDPH�OHWWHU�DUH�VLJQLÀFDQWO\�GLIIHUHQW��S���������
FLD���JOX��F\DQLGLQ���JOXFRVLGH�

Figure 4. Total anthocyanin content of maqui fruits during fruit 
development and maturation.

9HUWLFDO� EDU� �3DUHGRQHV� LQ� ZKLWH� DQG� 5DQFDJXD� LQ� JUD\�� UHSUHVHQWV� PHDQ� DQG� VWDQGDUG�
GHYLDWLRQ�RI�ÀYH�LQGLYLGXDOV��0HDQV�LQ�HDFK�EDU��3DUHGRQHV�DQG�5DQFDJXD��QRW�IROORZHG�
E\� WKH�VDPH� OHWWHU�DUH� VLJQLÀFDQWO\�GLIIHUHQW� �DW�S����������)5$3�� IHUULF� UHGXFLQJ�DELOLW\�
of plasma assay.

Figure 5. Antioxidant activity measured by FRAP activity of maqui fruits 
during fruit development and maturation. 
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VWDJH��GDUN�SXUSOH��VKRZLQJ�WKH�JUHDW�$$�RI�PDTXL�IUXLW��
This result is different in comparison to other berry 
IUXLWV�ZKHUH� LPPDWXUH� IUXLW� KDV� KLJKHU�$$� WKDQ�PDWXUH�
IUXLW� �.XONDUQL� DQG�$UDGK\D�� ������ &HOLN� et al., 2008; 
3RWKLWLUDW�et al.��������:DQJ�et al.���������7KH�VWUXFWXUH�
DFWLYLW\�UHODWLRQVKLS�RI�ÁDYRQRLGV�KDV�EHHQ�GRFXPHQWHG�LQ�
K\GURSKLOLF�V\VWHPV��VKRZLQJ�WKDW�WKH�DQWLR[LGDQW�DFWLYLW\�
GHSHQGV� RQ� 73� FRQWHQW� DQG� WKH� W\SH� RI� SRO\SKHQROV�
(structural features). In maqui fruit, anthocyanin-rich 
fraction accounts for most of its antioxidant properties 
(Miranda-Rottmann et al��� ������� H[SODLQLQJ� WKDW� WKH�
KLJKHVW�$$�LV�UHODWHG�WR�WKH�KLJKHVW�7$��
� ,Q�WKLV�VWXG\�PDTXL�IUXLWV�IURP�WKH�GHHS�SXUSOH�VWDJH�
KDG� KLJKHU�$$� IRU� ERWK�3DUHGRQHV� �������PPRO�(�)H2+ 
NJ-1�IZ��DQG�5DQFDJXD��������PPRO�(�)H2+�NJ-1 fw) than 
previous studies (Araya et al��� ������ SUREDEO\� EHFDXVH�
different extraction methods were used. 
 The results of this study are accordant with other 
VWXGLHV�IRU�EHUU\�IUXLWV�ZKHUH�LW�LV�HYLGHQW�WKDW�ÁDYRQRLG�
ELRV\QWKHVLV� LV� WLJKWO\� DVVRFLDWHG� ZLWK� WKH� GHYHORSPHQW�
VWDJHV�RI�WKH�IUXLW�DQG�ZKHUH�ULSHQLQJ�RI�IUXLWV�LV�UHODWHG�
ZLWK� WKH� KLJKHVW� VROXEOH� VROLG� DQG� DQWKRF\DQLQ� FRQWHQW�
�9YHGHQVND\D� DQG�9RUVD�� ������.XONDUQL� DQG�$UDGK\D��
������ $UHQD� DQG� &XUYHWWR�� ������ &HOLN� et al., 2008; 
5RGDUWH�&DVWUHMyQ�et al., 2008). 

CONCLUSION

7KH� FKDQJHV� LQ� IUXLW� VL]H�� VROXEOH� VROLG� �66��� FRORU� DQG�
DQWLR[LGDQW�FRQWHQW�RI�PDTXL�IUXLW�H[SODLQHG�WKHLU�JURZWK��
development, and maturity. The maturation in maqui 
IUXLW� LV� H[SHFWHG� ��� G� DIWHU� IUXLW� VHW� LQ� &HQWUDO� &KLOH�
�'HFHPEHU��DFFRUGLQJ�WR�WKLV�VWXG\�DV�ZHOO�DV�REVHUYDWLRQ�
LQ�WKH�ZLOG��7KH�KLJK�YDULDELOLW\�RI�UHVXOWV�RI�WRWDO�SKHQRO�
�73��� WRWDO� DQWKRF\DQLQV� �7$��� DQG� DQWLR[LGDQW� DFWLYLW\�
(AA) was predictable due to the differences between 
WKH� ÀYH� LQGLYLGXDOV� VHOHFWHG� IURP� WKH� ZLOG� LQ� HDFK�
VDPSOLQJ� VLWH�� 7KLV� GHQRWHV� D� FOHDU� PDMRU� GLIIHUHQFH�
EHWZHHQ�JHQRW\SHV�UDWKHU�WKDQ�FOLPDWLF��DLU�WHPSHUDWXUH��
FRQGLWLRQV��7KH�SUHVHQW�UHVXOWV�UHYHDOHG�IRU�WKH�ÀUVW�WLPH�
WKDW� WKH� PDWXUDWLRQ� DQG� ULSHQLQJ� SURFHVVHV� LQ� PDTXL�
IUXLW� DSSHDUHG� WR� KDYH� D� VLJQLÀFDQW� HIIHFW� RQ� SKHQROLF�
FRPSRVLWLRQ��7$��DQG�WKH�FRUUHVSRQGLQJ�$$�DQG�VKRZHG�
GLIIHUHQW�EHKDYLRU�WKDQ�RWKHU�IUXLWV�UHFRJQL]HG�DV�EHUULHV��
This distinctive behavior in maqui fruit corresponds to the 
KLJKHVW�$$�REVHUYHG� LQ� WKH� ODWHVW�VWDJH�RI�KDUYHVW� �GDUN�
SXUSOH���)LQDOO\��66�DQG�7$�DSSHDU�DV�JRRG�LQGLFDWRUV�RI�
the ripeness in maqui fruit in this study and they could be 
used as parameters of maturity index.
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Contenidos de polifenoles y actividad antioxidante 
de maqui (Aristotelia chilensis [Molina] Stuntz) 
durante el desarrollo y maduración de frutos en 
Chile Central. El maqui (Aristotelia chilensis [Molina] 
Stuntz, Elaeocarpaceae) es una especie nativa de Chile 
TXH� SURGXFH� XQDV� ED\DV� SHTXHxDV� TXH� VH� UHFROHFWDQ�
SULQFLSDOPHQWH� GH� LQGLYLGXRV� VLOYHVWUHV�� /RV� EHQHÀFLRV�
para la salud atribuidos a los frutos de maqui se deben 
D� VXV� DOWRV� FRQWHQLGRV� GH� SROLIHQROHV�� DVt� FRPR� D� OD�
JUDQ� YDULHGDG� GH� DQWRFLDQRV� \� ÁDYRQROHV�� 8QR� GH�
los principales factores que afectan el contenido de 
polifenoles en frutos es el estado de madurez a la cosecha. 
(O� REMHWLYR� GH� HVWH� HVWXGLR� IXH� GHWHUPLQDU� HO� FRQWHQLGR�
de fenoles totales, antocianos totales y la actividad 
DQWLR[LGDQWH� �PpWRGR� )5$3� >KDELOLGDG� GHO� SODVPD� SDUD�
reducir el hierro férrico]) de frutos de maqui cosechados 
en diferentes estados de madurez de dos poblaciones 
silvestres ubicadas en Chile Central. Cada estado de 
PDGXUH]�IXH�FDUDFWHUL]DGR�GH�DFXHUGR�D�ORV�GtDV�GHVGH�OD�
FXDMD�GH�IUXWRV�� WDPDxR�\�VyOLGRV�VROXEOHV��(O�FRQWHQLGR�
GH�IHQROHV�WRWDOHV�GLVPLQX\y�PLHQWUDV�TXH�HO�FRQWHQLGR�GH�
DQWRFLDQRV�WRWDOHV�DXPHQWy�GHVGH�IUXWR�YHUGH�KDVWD�IUXWR�
HQ� SLQWD�� VLQ� HPEDUJR�� ORV� YDORUHV� GH� DPEDV� YDULDEOHV�
aumentaron desde pinta hasta fruto púrpura oscuro. La 
PD\RU�FDSDFLGDG�DQWLR[LGDQWH�VH�REVHUYy�HQ�ORV�IUXWRV�GHO�
último estado de madurez analizado (púrpura oscuro). Los 
resultados demostraron que la madurez de consumo en 
IUXWRV�GH�PDTXL�SXHGH�VHU�HVSHUDGD�FRQ������JUDGRV�GtD�
GH�FUHFLPLHQWR�����G�GHVSXpV�GH�FXDMD��HQ�&KLOH�&HQWUDO��
(Q�HVWH�PRPHQWR�GH�FRVHFKD��IUXWRV�FRQ�VyOLGRV�VROXEOHV�
HQWUH� ��� \� ��� �%UL[� WLHQHQ� ORV� PD\RUHV� FRQWHQLGRV� GH�
DQWRFLDQRV�\�DFWLYLGDG�DQWLR[LGDQWH��)5$3���(VWH�HVWXGLR�
constituye los primeros avances en el entendimiento de 
OD�PDGXUDFLyQ� GH� IUXWRV� GH�PDTXL� \� VX� FRUUHVSRQGLHQWH�
actividad antioxidante.

Palabras clave: antocianos totales, estados de madurez, 
IHQROHV�WRWDOHV��)5$3��PDGXUH]�GH�FRQVXPR�
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