
Bactris guineensis, an underutilized Costa Rican palm fruit: juice processing 
DQG�LWV�QXWULWLRQDO�SURÀOH*

Bactris guineensis, un fruto de palma costarricense subutilizado: procesamiento 
GHO�MXJR�\�VX�SHUÀO�QXWULFLRQDO

Carolina Cortés-Herrera1, Ana M. Pérez2, Fabrice Vaillant3 

© 2024 Agronomía Mesoamericana es desarrollada en la Universidad de Costa Rica bajo una licencia Creative Commons 
Atribución-NoComercial-SinDerivar 4.0 Internacional. Para más información escriba a pccmca@ucr.ac.cr o pccmca@gmail.com

Abstract

Introduction. Bactris guineensis is a crop that produces visually appealing fruits resembling purple-black grapes 
with round seeds. This palm species naturally thrives in the lowland regions of tropical America. However, limited 
information available about this fruit. Objective. To investigate the nutritional composition, bioactive compound 
FRQWHQW��DQWLR[LGDQW�FDSDFLW\��DQG�DURPD�SURÀOH�RI�WKH�KXLVFR\RO�IUXLW�JURZQ�LQ�&RVWD�5LFD��DV�ZHOO�DV�WR�HYDOXDWH�WKH�
effects of juice processing (enzymatic maceration and thermal treatment) on its bioactive compounds and antioxidant 
capacity. Materials and methods. Fruits were collected from randomly selected palms and bunches in Guanacaste 
&RQVHUYDWLRQ�$UHD��VSHFLÀFDOO\�LQ�3DOR�9HUGH�DQG�&DxDV��GXULQJ�SHDN�KDUYHVW�\HDUV��������������������DQG��������
1XWULWLRQDO�FRPSRVLWLRQ��ELRDFWLYH�FRPSRXQG�FRQWHQW��DQWLR[LGDQW�FDSDFLW\��DQG�DURPD�DQG�SRO\SKHQRO�SURÀOHV�ZHUH�
analyzed. Juices were prepared using thermal treatment, enzymatic maceration, and a combination of both methods. 
The bioactive compound content and antioxidant capacity were assessed following each treatment. Results. Huiscoyol 
IUXLW�H[KLELWHG�KLJK�ÀEHU�FRQWHQW�>����������J�SHU�����J�RI�IUHVK�ZHLJKW��IZ�@��DQG�VLJQLÀFDQW�SRWDVVLXP�FRQWHQW������
�����PJ�SHU�����J�IZ���$QWKRF\DQLQ�OHYHOV�UDQJHG�IURP������WR������PJ�SHU�����J�IZ��ZLWK�F\DQLGLQ���2�UXWLQRVLGH�
DV� WKH�SUHGRPLQDQW�FRPSRXQG��7RWDO�SRO\SKHQRO�FRQWHQW�YDULHG�EHWZHHQ�����DQG�������PJ�JDOOLF�DFLG�HTXLYDOHQWV�
SHU�����J�IZ��9LWDPLQ�&�FRQWHQW�UHDFKHG�D�PD[LPXP�RI����PJ�SHU�����J�IZ��$QWLR[LGDQW�FDSDFLW\��DV�PHDVXUHG�E\�
+�25$&��UDQJHG�IURP�������WR���������PRO�7UROR[�HTXLYDOHQWV�SHU�����J�IZ��(Q]\PDWLF�PDFHUDWLRQ�DQG�WKHUPDO�
WUHDWPHQWV�DSSOLHG�WR�WKH�MXLFH�GLG�QRW�VLJQLÀFDQWO\�DIIHFW�WKH�ELRDFWLYH�FRPSRXQGV�FRQWHQW�RU�DQWLR[LGDQW�DFWLYLW\��p 
!��������Conclusion. Huiscoyol fruit demonstrate nutritional and antioxidant potential, making it promising ingredient 
for funtional beverages. Its bioactive components, such as polyphenols and anthocyanins, showed remarkable stability 
under thermal and enzymatic processing conditions.
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Introduction

The Bactris guineensis �/���+�(��0RRUH (Arecaceae) palm is commonly known as “huiscoyol”, “uvita”, “uvita 
de monte”, “güiscoyol” or “vizcoyol” LQ�&HQWUDO�$PHULFD�DQG�´FRUR]Rµ�RU�´FRUR]R�GH�ODWDµ�LQ�&RORPELD��%ULHYD�
2YLHGR�HW�DO���������&Kt]PDU�)HUQiQGH]��������(UüDQ�HW�DO���������4XHVDGD�HW�DO����������7KH�IUXLW�LV�D�VLQJOH�VHHGHG�
GUXSH� WKDW� UHDFKHV�PDWXULW\� WZR�PRQWKV�DIWHU�ÁRZHULQJ� �%ULHYD�2YLHGR�HW�DO����������7KH� IUXLW� FDQ�EH� IRXQG� LQ�
PDUNHWV�IURP�1LFDUDJXD�WR�QRUWKHUQ�&RORPELD�DQG�9HQH]XHOD�DQG�LV�XVXDOO\�FRQVXPHG�DV�MXLFH�RU�LQ�EHYHUDJHV��
FDQGLHG�IUXLW��DQG� MDPV�� � ,W�FDQ�DOVR�EH�IHUPHQWHG� WR�SURGXFH�DQ�DOFRKROLF�EHYHUDJH��&Kt]PDU�)HUQiQGH]��������
5RMDQR�HW�DO���������

Some edible palms grow in humid lowlands in tropical America where they are often used as natural fences near 
rivers beds and in pastures. They produce several stems that grow in dense clusters. The fruits of some edible palms, 
VXFK�DV�DoDt�DQG�FRFRQXW��DUH�ZLGHO\�FRQVXPHG�DQG�SOD\�D�VLJQLÀFDQW� UROH� LQ� WKH�GLHW�RI�SHRSOH� LQ�VRPH�WURSLFDO�
regions. Bactris guineensis, WKH�PRVW�VLJQLÀFDQW�IUXLW�\LHOGLQJ�SDOP�LQ�WKH�&DULEEHDQ�FRDVW�UHJLRQ�RI�&RORPELD��KROGV�
great potential for agroforestry systems. Its adaptability and suitability for reintroduction in abandoned pastures, 
offer new opportunities for large-scale cultivation in the area �%ULHYD�2YLHGR�HW�DO����������8QOLNH�Dçaí, which has 
EHHQ�H[WHQVLYHO\�VWXGLHG�IRU�LWV�KHDOWK�EHQHÀWV��huiscoyol remains relatively understudied as a crop. 

In Costa Rica, B. guineensis, commonly known as huiscoyol, is a nontraditional fruit. The stem and side leaves 
RI�WKH�SODQW�DUH�������FP�ORQJ�DQG�FRYHUHG�ZLWK�WKLQ�\HOORZLVK�VSLQHV�ZLWK�D�EODFN�DSH[��7KH�DGXOW�SDOP�WUHH�FDQ�

Resumen

Introducción. Bactris guineensis HV�XQ�FXOWLYR�TXH�SURGXFH� IUXWRV�DWUDFWLYRV�� VLPLODUHV�D�XYDV�GH�FRORU�QHJUR�
S~USXUD��FRQ�VHPLOODV�UHGRQGDV��(VWD�HVSHFLH�GH�SDOPD�SURVSHUD�QDWXUDOPHQWH�HQ�ODV�UHJLRQHV�EDMDV�GH�$PpULFD�WURSLFDO��
Sin embargo, existe poca información disponible sobre este fruto. Objetivo. Investigar la composición nutricional, el 
FRQWHQLGR�GH�FRPSXHVWRV�ELRDFWLYRV��OD�FDSDFLGDG�DQWLR[LGDQWH�\�HO�SHUÀO�GH�DURPD�GHO�IUXWR�KXLVFR\RO�FXOWLYDGR�HQ�
Costa Rica, así como evaluar los efectos del procesamiento del jugo (maceración enzimática y tratamiento térmico) 
sobre sus compuestos bioactivos y capacidad antioxidante. Materiales y métodos. /RV� IUXWRV� VH� UHFROHFWDURQ� GH�
SDOPDV�\�UDFLPRV�VHOHFFLRQDGRV�DOHDWRULDPHQWH�HQ�HO�ÉUHD�GH�&RQVHUYDFLyQ�*XDQDFDVWH��GXUDQWH�ORV�DxRV�GH�FRVHFKD�
SLFR�������������������\��������6H�DQDOL]DURQ�OD�FRPSRVLFLyQ�QXWULFLRQDO��HO�FRQWHQLGR�GH�FRPSXHVWRV�ELRDFWLYRV��OD�
FDSDFLGDG�DQWLR[LGDQWH�\�ORV�SHUÀOHV�GH�DURPDV�\�SROLIHQROHV��/RV�MXJRV�VH�SUHSDUDURQ�PHGLDQWH�WUDWDPLHQWR�WpUPLFR��
PDFHUDFLyQ�HQ]LPiWLFD�\�XQD�FRPELQDFLyQ�GH�DPERV�PpWRGRV��(O�FRQWHQLGR�GH�FRPSXHVWRV�ELRDFWLYRV�\�OD�FDSDFLGDG�
antioxidante se evaluaron después de cada tratamiento. Resultados��(O�IUXWR�GH�KXLVFR\RO�SUHVHQWy�XQ�DOWR�FRQWHQLGR�
GH�ÀEUD�>����������J�SRU�����J�GH�SHVR�IUHVFR��SI�@�\�XQ�FRQWHQLGR�VLJQLÀFDWLYR�GH�SRWDVLR�����������PJ�SRU�����J�SI��
/RV�QLYHOHV�GH�DQWRFLDQLQDV�YDULDURQ�HQWUH������\������PJ�SRU�����J�SI��FRQ�FLDQLGLQD���2�UXWLQyVLGR�FRPR�FRPSXHVWR�
SUHGRPLQDQWH��(O�FRQWHQLGR�WRWDO�GH�SROLIHQROHV�RVFLOy�HQWUH�����\������PJ�GH�HTXLYDOHQWHV�GH�iFLGR�JiOLFR�SRU�����J�
SI��(O�FRQWHQLGR�Pi[LPR�GH�YLWDPLQD�&�IXH�GH����PJ�SRU�����J�SI��/D�FDSDFLGDG�DQWLR[LGDQWH��PHGLGD�SRU�+�25$&��
YDULy�HQWUH������\���������PRO�GH�HTXLYDOHQWHV�GH�7UROR[�SRU�����J�SI��/RV�WUDWDPLHQWRV�GH�PDFHUDFLyQ�HQ]LPiWLFD�
\� WpUPLFRV�DSOLFDGRV�DO� MXJR�QR�DIHFWDURQ�VLJQLÀFDWLYDPHQWH�HO�FRQWHQLGR�GH� �FRPSXHVWRV�ELRDFWLYRV�QL� OD�DFWLYLGDG�
antioxidante (p�!������� Conclusión. (O�IUXWR�GH�KXLVFR\RO�GHPRVWUy�XQ�SRWHQFLDO�QXWULFLRQDO�\�DQWLR[LGDQWH��OR�TXH�OR�
convierte en un ingrediente prometedor para bebidas funcionales. Sus componentes bioactivos, como los polifenoles y 
las antocianinas, mostraron una notable estabilidad frente al procesamiento térmico y enzimático.

Palabras clave: compuestos bioactivos, tratamiento térmico, compuestos fenólicos, Arecaceae. 
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UHDFK�����WR�����P�LQ�KHLJKW�DQG�LQGLYLGXDO�VWHPV�DUH�����WR�����FP�LQ�GLDPHWHU��2QH�SODQW�FDQ�SURGXFH�VHYHUDO�VWHPV�
DQG����WR����IUXLW�FOXVWHUV��ZKLFK�LV�HTXLYDOHQW�WR�����WR������NJ�RI�IUXLW�� LQ�RQH�KDUYHVW�VHDVRQ��:LWK�D�SODQWLQJ�
GHQVLW\�RI���������SODQWV�KD����SURGXFWLRQ�FDQ�UHDFK�����WR�������NJ�KD���LQ�RQH�KDUYHVW�VHDVRQ�RU�������WR�������
kg ha���SHU�\HDU��&Kt]PDU�)HUQiQGH]��������

7KH�FDURWHQRLG�DQG�SRO\SKHQRO�SURÀOHV�DQG�WKH�PLQHUDO�FRQWHQW�RI�B. guineensis fruits grown in Costa Rica 
KDYH�EHHQ�VWXGLHG��(UüDQ�HW�DO����������7ZHQW\�IRXU�VROXEOH�IUHH�DQG�VL[�LQVROXEOH�ERXQG�SKHQROLF�FRPSRXQGV�ZHUH�
found in the edible exo- and mesocarp. The soluble free phenolic fraction consisted of anthocyanins, catechin 
PRQR�� DQG� ROLJRPHUV�� TXHUFHWLQ� 2�JO\FRVLGHV�� DQG� DSLJHQLQ�� DQG� OXWHROLQ� &�JO\FRVLGHV�� 7KH� LQVROXEOH�ERXQG�
SKHQROLF�IUDFWLRQ�ZDV�FRPSRVHG�RI�SKHQROLF�DFLGV��&\DQLGLQ���2�UXWLQRVLGH�ZDV�WKH�PRVW�DEXQGDQW�DQWKRF\DQLQ�LQ�
WKH�H[RFDUS��IROORZHG�E\�SHRQLGLQ���2�UXWLQRVLGH��$PRQJ�WKH�FDURWHQRLGV�SUHVHQW��WKH�PDMRU�RQHV�ZHUH��DOO�(��ơ�
FDURWHQH�DQG��DOO�(��OXWHLQ��7KH�Ơ�WRFRSKHURO�ZDV�IRXQG�LQ�TXDQWLÀDEOH�FRQFHQWUDWLRQV��Finally, they concluded that 
the fruit is rich in magnesium and iron. 

 Anthocyanins have been the most studied compounds in fruits of B. guineensis. Six anthocyanins were 
LGHQWLÀFDWHG�ZLWK�WKH�DLG�RI�KLJK�VSHHG�FRXQWHUFXUUHQW�FKURPDWRJUDSK\�DQG�WKH�FKHPLFDO�VWUXFWXUHV�RI�F\DQLGLQ�
��VDPEXELRVLGH�� SHRQLGLQ���JOXFRVLGH�� SHRQLGLQ���UXWLQRVLGH� DQG� F\DQLGLQ������2�PDORQ\O�JOXFRVLGH�� F\DQLGLQ�
��JOXFRVLGH� DQG� F\DQLGLQ���UXWLQRVLGH� ZHUH� HOXFLGDWHG� E\� QXFOHDU� PDJQHWLF� UHVRQDQFH� VSHFWURVFRS\� �105��
WHFKQLTXHV��2VRULR�HW�DO����������'LD]�8ULEH�HW�DO���������IRXQG�WKUHH�PDMRU�DQWKRF\DQLQV�LQ�KXLVFR\RO��F\DQLGLQ�
��UXWLQRVLGH� ��������� F\DQLGLQ���JOXFRVLGH� ��������� DQG� SHRQLGLQ���UXWLQRVLGH� �������� 7ZR� QHZ� DQWKRF\DQLQ�
pigments in methanolic extracts of B. guineensis fruits cultivated in the Northern region of Costa Rica were 
LVRODWHG�DQG�LGHQWLÀHG�DV�F\DQLGLQ���2���µ�2��Ơ�'�UKDPQRS\UDQRV\O���ơ�'�JOXFRS\UDQRVH�DQG���2���µ�2��Ơ�'�
UKDPQRS\UDQRV\O���ơ�'�JOXFRS\UDQRVH��%DJQDUHOOR�HW�DO����������

The antioxidant activity of B. guineensis�ZDV�PHDVXUHG�XVLQJ�VWDELOL]HG�IUHH�UDGLFDO�VSHFWURVFRS\��2VRULR�HW�
DO����������7KH�H[WUDFW�H[KLELWHG�D�KLJKHU�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�FRPSDUHG�WR�SXUH�DQWKRF\DQLQV�ZKHQ�WHVWHG�
DJDLQVW� $%76� >�����D]LQR�ELV���HWK\OEHQ]RWKLD]ROLQH���VXOIRQDWH�@� DQG� '33+� �����GLSKHQ\O���SLFU\OK\GUD]\O��
IUHH�UDGLFDOV��2VRULR�HW�DO����������6HYHUDO�VWXGLHV�KDYH�UHSRUWHG�DGGLWLRQDO�ELRORJLFDO�DFWLYLWLHV�LQ�SXOS�H[WUDFWV�IURP�
B. guineensis��OLNH�QHXURSURWHFWLYH��/óSH]�HW�DO����������F\WRWR[LF��6HTXHGD�&DVWDxHGD�HW�DO���������DQG�DQWLYLUDO�
properties (Jaimes-Gualdrón et al., 2022). Furthermore, strong cytotoxic activity was discovered against hepatic 
DQG�FRORUHFWDO�FDUFLQRPD�FHOO�OLQHV��$Q�HDUO\�DSRSWRWLF�HIIHFW�����������ZDV�REVHUYHG�LQ�FDQFHU�FHOO�OLQHV�VXFK�DV�
KXPDQ�PHWDVWDWLF�FRORUHFWDO�DGHQRFDUFLQRPD��6:������DQG�KXPDQ�FRORUHFWDO�DGHQRFDUFLQRPD��+7������4XHVDGD�
et al., 2020).

&XUUHQWO\�� WKH�PDUNHW� IRU� IXQFWLRQDO� IRRGV� FRQWDLQLQJ� ELRDFWLYH� FRPSRXQGV�ZLWK� SRVLWLYH� KHDOWK� EHQHÀWV� LV�
experiencing substantial growth, with new products being launched to meet consumer demands (Topolska et al., 
�������&RQVXPHUV�ZLWK�WKH�KLJKHVW�OHYHO�RI�QXWULWLRQDO�HGXFDWLRQ�VKRZ�D�SUHIHUHQFH�IRU�IXQFWLRQDO�IRRGV�ZLWK�DGGHG�
ÀEHU� RU� DQWLR[LGDQW�� )XQFWLRQDO� EHYHUDJHV�ZLWK� KHDOWK� FODLPV� KDYH� EHFRPH� D� SUHYDLOLQJ� WUHQG� LQ� WKH� SDFNDJHG�
EHYHUDJH�PDUNHW�� SDUWLFXODUO\� DPRQJ� LQGLYLGXDOV� LQWHUHVWHG� LQ� D� KHDOWK\� GLHW� DQG� OLIHVW\OH� �%DNHU� HW� DO��� �������
$QWKRF\DQLQV� DUH� H[WHQVLYHO\� IRXQG� LQ�EHUULHV� DQG� DUH� DVVRFLDWHG�ZLWK�YDULRXV�KHDOWK�EHQHÀWV��7KHUHIRUH�� WKHVH�
bioactive compounds could be utilized in the development of functional foods and beverages (Temple, 2022).

 The aim of this research was to investigate the nutritional composition, bioactive compound content, 
DQWLR[LGDQW�FDSDFLW\��DQG�DURPD�SURÀOH�RI�WKH�KXLVFR\RO�IUXLW�JURZQ�LQ�&RVWD�5LFD��DV�ZHOO�DV�WR�HYDOXDWH�WKH�HIIHFWV�
of juice processing (enzymatic maceration and thermal treatment) on its bioactive compounds and antioxidant 
capacity. This information is crucial for assessing the potential of this fruit as a valuable ingredient in the food 
industry. These results will enable the food industry to evaluate other alternatives for the use of huiscoyol as a raw 
material in beverage production. The data generated would encourage the cultivation of this underutilized fruit in 
Costa Rica.
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Materials and methods

Sample processing

The preparation of fruit samples and the processing of juices were carried out at a pilot plant level in the 
National Center for Food Science and Technology (CITA), University of Costa Rica. The physicochemical and 
proximal characterization analysis (moisture, sugars, ash, protein, fat, minerals), bioactive compound analysis 
�GLHWDU\�ÀEHU��RUJDQLF�DFLGV��YLWDPLQ�&�� WRWDO�SRO\SKHQROV�� WRWDO�DQWKRF\DQLQV���DQG�DQWLR[LGDQW�FDSDFLW\�DQDO\VLV�
ZHUH� FDUULHG� RXW� DW� D� &KHPLFDO� /DERUDWRU\� RI� WKH� 1DWLRQDO� &HQWHU� IRU� )RRG� 6FLHQFH� DQG� 7HFKQRORJ\� �&,7$���
8QLYHUVLW\� RI� &RVWD� 5LFD�� 7KH� SRO\SKHQROV� DQG� DURPD� SURÀOH� ZHUH� FDUULHG� RXW� DW� 5HVHDUFK� &HQWHU� LQ� 1DWXUDO�
3URGXFWV��&,3521$���8QLYHUVLW\�RI�&RVWD�5LFD��

Fruit samples

B. guineensis�IUXLWV�ZHUH�LGHQWLÀHG�DFFRUGLQJ�WR�WKH�SODQW�PRUSKRORJ\��&Kt]PDU�)HUQiQGH]��������DQG�ZHUH�
collected from randomly palms and racemes growing near roads or on cattle ranches in dry transition forests at 
DOWLWXGHV� UDQJLQJ� IURP� VHD� OHYHO� WR� ���� PHWHUV� DERYH� VHD� OHYHO� ZLWKLQ� 7KH� *XDQDFDVWH� &RQVHUYDWLRQ� $UHD��
LQ� WKH� ZHVWHUQ� UHJLRQ� RI� WKH� 9ROFDQLF� &RUGLOOHUD�� )UXLW� EDWFKHV� ZHUH� VSHFLÀFDOO\� KDUYHVWHG� LQ� 3DOR� 9HUGH��
%DJDFHV�� LQ� 0DUFK� ������ DQG� LQ� ������ LQ� 0DUFK� ������ -XO\� ������ 0DUFK� ������ 6HSWHPEHU� ������
DQG� $XJXVW� ������

)UXLW� FOXVWHUV� ZHUH� RI� GLIIHUHQW� VL]HV� ZLWK� ZHLJKWV� UDQJLQJ� IURP� ���� J� DQG� ���� J� SHU� FOXVWHU�� 7KH�
������ ����� \� ����� KDUYHVWV� ZHUH� DSSUR[LPDWHO\� �� NJ� HDFK� RI� IUXLW� ������� FOXVWHUV�� DQG� WKH� ����� KDUYHVWV�
ZHUH� HDFK� ������ NJ� RI� IUXLW� ������� FOXVWHUV� SHU� KDUYHVW��� 7KH� EXQFKHV� ZHUH� IUHH� RI� VXUIDFH� GDPDJH� DQG�
PLFURELRORJLFDO� GHWHULRUDWLRQ� and

 
were

 
transported

 
in

 
iceboxes

 
to

 
CITA´s Pilot

 
Plant.

 
The

 
fruit

 
were

 
manually

 

separated

 

from

 

the

 

bunches

 

and

 

remained at
 

-20
 

°C
 

until
 

processing.
 

$
�
VXE�VDPSOH� RI� ���� J� RI� IUXLW� ZDV� ZDVKHG� E\� LPPHUVLQJ� LQ� SRWDEOH� ZDWHU� DQG� GLVLQIHFWDQW� VROXWLRQ

�

�SHUDFHWLF� DFLG� ����� PJ� NJ��) for 20 min. Fruits
 

were
 

processed manually by separating the seed from 
edible

 

SDUW�� 7KH� VDPSOH� ZDV� GLYLGHG� LQWR� WZR� SRUWLRQV� RI� ���� J�� RQH� RI� WKHP� ZDV� O\RSKLOL]HG�� %RWK�
VDPSOHV� �IUHVK� DQG

�

IUHH]H�GULHG�� ZHUH� VWRUHG� LQ� YDFXXP�VHDOHG� ODPLQDWHG� EDJV� DQG� IUR]HQ� DW� ²��� �&� WR�
SUHYHQW� GHWHULRUDWLRQ� XQWLO

�

physicochemical
 

analysis.�
7KH� SK\VLFRFKHPLFDO� DQDO\VLV� RQ� IUHVK� IUXLW� VDPSOHV� ZHUH� PRLVWXUH�� WRWDO� VROXEOH� VROLGV� ��%UL[��� WRWDO�

WLWUDWDEOH� DFLGLW\�� S+�� FRORU�� YLWDPLQ� &� DQG� DURPD� SURÀOH�� 2Q� D� IUHH]H�GULHG� PDWHULDO� IUXLW� WKH� DQDO\VLV�
ZHUH�� DVK�� FUXGH� IDW�� SURWHLQ�� PLQHUDO� FRQWHQW�� WRWDO� GLHWDU\� ÀEHU�� VXJDU� SURÀOH�� WRWDO� SRO\SKHQROV� FRQWHQW�
�73��� WRWDO� DQWKRF\DQLQ� FRQWHQW� �7$��� RUJDQLF� DFLGV� SURÀOH�� SRO\SKHQROV� SURÀOH� DQG� K\GURSKLOLF� R[\JHQ�
UDGLFDO� DEVRUEDQFH� FDSDFLW\� �+�25$&���

�

Preparation of processed juice

7KUHH�GLIIHUHQW�EDWFKHV�RI�IUXLWV�KDUYHVWHG�LQ�&DxDV��*XDQDFDVWH��ZHUH�SURFHVVHG��RQH�LQ�0DUFK������DQG�WZR�
LQ�6HSWHPEHU������LQ�RUGHU�WR�SURGXFH�GLIIHUHQW�SURFHVVHG�MXLFHV��(DFK�EDWFK�FRQVLVWHG�RI����NJ�RI�IUXLW��ZKLFK�ZDV�
washed by immersing in potable water and disinfectant solution (peracetic acid) for 20 min. For each batch, the 
SXOS�ZDV�VHSDUDWHG�IURP�WKH�VHHGV�XVLQJ�D�ÀQLVKHU��&DUYHU�%UDQG��0RGHO����������ZLWK�D�PHVK�VL]H�RI������PP��
Different treatments were applied to the mixture of pulp and skin from the same batch of fruits to produce four 
MXLFHV��7KH�WUHDWPHQWV�ZHUH�����SUHVVLQJ�WR�REWDLQ�MXLFH�$�����HQ]\PDWLF�PDFHUDWLRQ�WR�REWDLQ�MXLFH�%�����WKHUPDO�
treatment to obtain juice C and 4) the combination of enzymatic and thermal treatment to obtain the juice D. 

Gilbert Fuentes
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Treatments

����SUHVVLQJ��$���NJ�RI�VDPSOH��SXOS�ZLWK�WKH�VNLQ�KRPRJHQL]HG��ZDV�SUHVVHG�DW������[�����3D��IRU���PLQ�LQ�
D����/�ZDWHUSUHVV��(QRWHFQLFD�3LOODQ�65/��&DUH]]D�PRGHO���7KH�VROLGV�ZHUH�VHSDUDWHG�ZLWK�D�FORWK�ÀOWHU�PHGLXP�
ZKLFK�SRUH�RSHQLQJ�ZDV�OHVV�WKDQ���PP��7KH�OLTXLG��MXLFH�$��ZDV�FROOHFWHG�LQ�D�FRQWDLQHU�DQG�VWRUHG�LQ�����P/�
PHWDOL]HG�EDJV�DW�²����&�XQWLO�DQDO\VLV�

���� HQ]\PDWLF�PDFHUDWLRQ��$� �� NJ� RI� VDPSOH� �SXOS�ZLWK� WKH� VNLQ� KRPRJHQL]HG��ZDV� SODFHG� LQ� D� VWDLQOHVV�
VWHHO�FRQWDLQHU�DQG�WUHDWHG�ZLWK�����PJ�/�� of Pectinex Ultra SP (Novozymes, Denmark), a blend of pectinases, 
KHPLFHOOXODVHV� DQG� EHWD�JOXFDQDVHV�� DW� ������ �&� ZLWK� FRQVWDQW� VWLUULQJ� IRU� �� K�� 7KH� VDPSOH� ZDV� WKHQ� SUHVVHG�
ZLWK�ZDWHUSUHVV�DW�����[�����3D�IRU���PLQ��7KH�OLTXLG��MXLFH�%��ZDV�FROOHFWHG�LQ�D�FRQWDLQHU�DQG�VWRUHG�LQ�����P/�
PHWDOL]HG�EDJV�DW�²����&�XQWLO�DQDO\VLV��

(���WKHUPDO�WUHDWPHQW������P/�MXLFH��$�DQG�%�VHSDUDWHO\��ZDV�SODFHG�LQ�D�VWDLQOHVV�VWHHO�EHDNHU�DQG�KHDWHG�WR�
����&�IRU���WR���V�ZLWK�FRQVWDQW�VWLUULQJ��(DFK�WKHUPDO�WUHDWPHQW�VDPSOH�ZDV�SDFNDJHG�KRW��XVLQJ�D�IXQQHO��LQ�����
P/�JODVV�ERWWOHV��SUHYLRXVO\�GLVLQIHFWHG��WKDW�ZHUH�FDSSHG�DQG�LPPHGLDWHO\�LQYHUWHG�WR�VWHULOL]H�WKH�FDS��7KH�ERWWOHV�
ZHUH�LPPHUVHG�LQ�DQ�LFH�ZDWHU�EDWK�DQG�FRROHG�WR�URRP�WHPSHUDWXUH��(DFK�WKHUPDO�WUHDWPHQW�VDPSOH��&�DQG�'��ZDV�
WUDQVIHUUHG�WR�����P/�PHWDOL]HG�EDJV�DQG�VWRUHG�DW�²����&�XQWLO�DQDO\VLV��

7KH� SK\VLFRFKHPLFDO� DQDO\VLV� RQ� MXLFH� VDPSOHV� ZHUH�PRLVWXUH�� WRWDO� VROXEOH� VROLGV� ��%UL[��� WRWDO� WLWUDWDEOH�
acidity, pH, color, vitamin C, total polyphenols content, total anthocyanin content and hydrophilic oxygen radical 
absorbance capacity.  

Physicochemical analysis

$VK�ZDV�GHWHUPLQHG�E\�$2$&�PHWKRG���������$VVRFLDWLRQ�RI�2IÀFLDO�$QDO\WLFDO�&KHPLVWV�>$2$&@���������
7KH� FUXGH� IDW� FRQWHQW�ZDV�PHDVXUHG� E\� WKH�PHWKRG� GHVFULEHG� E\�&DUSHQWHU� HW� DO�� �������� 3URWHLQ� FRQWHQW�ZDV�
PHDVXUHG�E\�$2$&�PHWKRG��������� �$2$&���������0LQHUDO� FRQWHQW� �&D��)H��.��DQG�1D��ZDV�DQDO\]HG�XVLQJ�
$2$&�PHWKRGV��������DQG���������$2$&���������DQG�WRWDO�GLHWDU\�ÀEHU�ZDV�PHDVXUHG�E\�$2$&�PHWKRG��������
�$2$&���������

0RLVWXUH�ZDV�GHWHUPLQHG�E\�$2$&�PHWKRG����������$2$&���������7RWDO�VROXEOH�VROLGV�ZHUH�PHDVXUHG�DV�
�%UL[� E\�$2$&�PHWKRG�������� �$2$&�� ������� �7RWDO� WLWUDWDEOH� DFLGLW\�ZDV� DVVHVVHG� E\� WLWUDWLRQ�ZLWK� VRGLXP�
K\GUR[LGH� �����1�� DQG� H[SUHVVHG� DV� VXFFLQLF� DFLG� DV� GHVFULEHG� E\�$2$&�������� �$2$&�� �������7KH� S+�ZDV�
PHDVXUHG�E\�$2$&�PHWKRG���������$2$&���������&RORU�DQDO\VLV�ZDV�GHWHUPLQHG�PHDVXULQJ�/
��D
��E
��&
�DQG�
K��SDUDPHWHUV�XVLQJ�D�FRORULPHWHU��&RORU)OH[�(=��+XQWHU�/DE���

6XJDU�SURÀOH�DQDO\VLV�

$�����������������J�VXEVDPSOH�RI�IUHH]H�GULHG�PDWHULDO�IUXLW�ZDV�H[WUDFWHG�ZLWK�������������������J�XOWUDSXUH�
ZDWHU��W\SH�,��������ƫ6�FP���DW�����&����ƫJ�/���72&����7KH�PL[WXUH�ZDV�VWLUUHG�IRU����PLQ��FHQWULIXJHG��DQG�ÀOWHUHG�
WKURXJK�D������ƫP�SRUH�VL]H�PHPEUDQH��7KH�DQDO\VLV�ZDV�SHUIRUPHG�RQ�D�6KLPDG]X�+3/&�V\VWHP��6KLPDG]X��
.\RWR��-DSDQ��HTXLSSHG�ZLWK�D�UHIUDFWLYH�LQGH[�GHWHFWRU��5,'���$���FROXPQ�FRPSDUWPHQW��&72���$���DXWRVDPSOHU�
�6,/���$�+7��DQG�D�TXDWHUQDU\�SXPS��/&���$7����$Q�DPLQR�FROXPQ��=RUED[�&DUERK\GUDWH����P������PP�[�����
PP��$JLOHQW�7HFKQRORJLHV��ZDV�XVHG�ZLWK�D�ÁRZ�RI�����P/�PLQ���DW�����&���7KH�HOXHQW�ZDV�D�PL[�RI�DFHWRQLWULOH��
ZDWHU����������LVRFUDWLF�FRQGLWLRQ�IRU����PLQ��7KH�DQDO\VLV�ZDV�SHUIRUPHG�LQ�GXSOLFDWH��

6XJDUV��VXFURVH��IUXFWRVH��DQG�JOXFRVH��ZHUH�LGHQWLÀHG�E\�FRPSDULQJ�WKH�UHWHQWLRQ�WLPHV�ZLWK�VWDQGDUGV�DQG�
TXDQWLÀHG�XVLQJ�H[WHUQDO�FDOLEUDWLRQ�FXUYHV�ZLWK�D�OLQHDULW\�UDQJH�RI�����������VXJDU��*RRG�FRUUHODWLRQ�ZDV�REWDLQHG�
(r2� ����������
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$VFRUELF�DFLG�DQG�GHK\GURDVFRUELF�DFLG��YLWDPLQ�&��DQDO\VLV�

Ascorbic acid (AA) and dehydroascorbic acid (DHA) contents were determined as described by Hernández 
HW�DO���������DQG�/\NNHVIHOGW���������$������J�VXEVDPSOH�ZDV�PL[HG�ZLWK�������P/�H[WUDFWDQW�VROXWLRQ���������
PHWDSKRVSKRULF�DFLG���KRPRJHQL]HG�ZLWK�D�YRUWH[�IRU���PLQ��DQG�WKHQ�FHQWULIXJHG�DW�������USP�����&��IRU����PLQ��
7KLV�SURFHGXUH�ZDV�UHSHDWHG��DQG�WKH�WZR�UHVXOWLQJ�VXSHUQDWDQWV�ZHUH�EURXJKW�WR����P/�ZLWK�H[WUDFWDQW�VROXWLRQ��
$Q�DOLTXRW�RI�WKH�H[WUDFW�ZDV�ÀOWHUHG�DQG�WUDQVIHUUHG�WR�D���P/�YLDO�XVLQJ�D�V\ULQJH�ZLWK�D�PLFURSRUH�ÀOWHU�������
RU������ƫP���

7R� UHGXFH� $$� WR� '+$�� ���� �/� RI� H[WUDFW� ZHUH� DGGHG� WR� ���� �/� RI� 7ULV� >��FDUER[\HWK\O@� SKRVSKLQH�
K\GURFKORULGH�����P0��DQG�LQFXEDWHG�DW�����&�IRU����PLQ��7KH�H[WUDFW�DQG�WKH�UHGXFHG�H[WUDFW�ZHUH�LQMHFWHG�LQWR�
D�6KLPDG]X�+3/&�V\VWHP��6KLPDG]X��.\RWR��-DSDQ��HTXLSSHG�ZLWK�D�SKRWRGLRGH�DUUD\�GHWHFWRU��63'�0��$9���
FROXPQ�FRPSDUWPHQW��&72���$���DXWRVDPSOHU��6,/���$�+7��DQG�D�TXDWHUQDU\�SXPS��/&���$7���$$�DQG�'+$�
ZHUH�DQDO\]HG�RQ�D�&���FROXPQ��3KHQRPHQH[�/XQD����P������c������PP�[������PP���7KH�DQDO\WLFDO�FRQGLWLRQV�
ZHUH�DV�IROORZV��RYHQ�KHDW�����&��ÁRZ�����P/�PLQ��; eluent H2624������P0��S+��������LVRFUDWLF�FRQGLWLRQ�IRU����
PLQ�DW�����QP��

$VFRUELF�DFLG�DQG�GHK\GURDVFRUELF�DFLG�ZHUH�LGHQWLÀHG�E\�FRPSDULQJ�WKH�UHWHQWLRQ�WLPHV�ZLWK�VWDQGDUGV�DQG�
TXDQWLÀHG�XVLQJ�H[WHUQDO�FDOLEUDWLRQ�FXUYHV�ZLWK�D� OLQHDULW\�UDQJH�RI���������SSP�RI�$$��*RRG�FRUUHODWLRQ�ZDV�
obtained (r2� ���������

3RO\SKHQROLF�ULFK�H[WUDFW�

([WUDFWV�ZHUH�SUHSDUHG�DV�GHVFULEHG�E\�*HRUJp�HW�DO����������$����������J�VXEVDPSOH�ZDV�H[WUDFWHG�ZLWK����
P/�RI�DFHWRQH�VROXWLRQ��������GLVWLOOHG�ZDWHU���7KH�PL[WXUH�ZDV�PDJQHWLFDOO\�VWLUUHG�IRU����PLQ�DQG�WKHQ�VRQLFDWHG�
IRU����PLQ��0L[WXUH�VXSHUQDWDQWV�ZHUH�UHFRYHUHG�E\�ÀOWUDWLRQ�DQG�HYDSRUDWHG�XQGHU�YDFXXP�DW�����&�XQWLO�DOPRVW�
DOO� WKH� VROYHQW�ZDV� UHPRYHG��7KH� UHPDLQLQJ� H[WUDFW�ZDV� WUDQVIHUUHG� WR� D� ���P/�YROXPHWULF� ÁDVN� DQG�PDGH�XS�
with water type I. This polyphenolic rich extract was used on different analysis: Total polyphenols content (TP), 
WRWDO�DQWKRF\DQLQV�FRQWHQW��7$���DQWLR[LGDQW�DFWLYLW\��+�25$&���RUJDQLF�DFLG�SURÀOH�DQG�SRO\SKHQROV�SURÀOH��7KH�
extracts were stored at -20 °C until their respective analyses. 

7RWDO�SRO\SKHQROV�FRQWHQW��73��

7RWDO�SRO\SKHQROV�ZHUH�GHWHUPLQHG�XVLQJ�WKH�PRGLÀHG�)ROLQ²&LRFDOWHX�VSHFWURSKRWRPHWULF�PHWKRG�GHVFULEHG�
E\�*HRUJp�HW�DO����������*DOOLF�DFLG�ZDV�XVHG�DV�WKH�VWDQGDUG��$VFRUELF�DFLG�DQG�UHGXFLQJ�VXJDU�LQWHUIHUHQFHV�ZHUH�
HOLPLQDWHG�XVLQJ�2$6,6®�FDUWULGJHV��7KH�DEVRUEDQFH�ZDV�PHDVXUHG� LQ�D�89������6KLPDG]X�VSHFWURSKRWRPHWHU�
89�������6KLPDG]X��.\RWR��-DSDQ��ZLWK�D�ZDYHOHQJWK�RI�����QP�DJDLQVW�D�UHDJHQW�EODQN��7KH�SRO\SKHQROV�ZHUH�
TXDQWLÀHG�XVLQJ�DQ�H[WHUQDO�FDOLEUDWLRQ�FXUYH�RI�JDOOLF�DFLG�ZLWK�D�OLQHDULW\�UDQJH�RI�������PJ�/��. Good correlation 
was obtained (r2� ���������DQG�WKH�FRQFHQWUDWLRQ�RI�WRWDO�SRO\SKHQROV�ZDV�UHSRUWHG�DV�PLOOLJUDPV��PJ��RI�JDOOLF�DFLG�
HTXLYDOHQWV��*$(��SHU�����J�RI�IUHVK�VDPSOH��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

7RWDO�DQWKRF\DQLQ�FRQWHQW��7$���

The total monomeric anthocyanin content of the juice was determined using the pH differential method (Moyer 
HW�DO����������7KH�SRO\SKHQROLF�ULFK�H[WUDFW�ZDV�GLOXWHG�����LQ����P0�SRWDVVLXP�FKORULGH�EXIIHU�DW�S+�����DQG�����0�
VRGLXP�DFHWDWH�EXIIHU�DW�S+������7KH�DEVRUEDQFH�RI�WKH�VROXWLRQV�ZDV�PHDVXUHG�VSHFWURSKRWRPHWULFDOO\�DW�����DQG�
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����QP��7KH�WRWDO�DQWKRF\DQLQ�FRQFHQWUDWLRQ�&��PJ�/ï���ZDV�H[SUHVVHG�DV�PJ�F\DQLGLQ���2�JOXFRVLGH�HTXLYDOHQWV�
�&�*(���$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH��

2UJDQLF�DFLG�SURÀOH

$������/�DOLTXRW�RI�SRO\SKHQRO�ULFK�H[WUDFW�ZDV�H[WUDFWHG�ZLWK�2$6,6®�FDUWULGJHV�ZLWK�����P/�RI�XOWUDSXUH�
ZDWHU� �W\SH� ,��������ƫ6�FP��� DW�����&����ƫJ�/���72&��� �7KH�ÀOWUDWH�ZDV� LQMHFWHG� LQWR�D�6KLPDG]X�+3/&�V\VWHP�
�6KLPDG]X�� .\RWR�� -DSDQ�� HTXLSSHG� ZLWK� D� SKRWRGLRGH� DUUD\� GHWHFWRU� �63'�0��$9��� FROXPQ� FRPSDUWPHQW�
�&72���$��� DXWRVDPSOHU� �6,/���$�+7��DQG�D�TXDWHUQDU\�SXPS� �/&���$7���2UJDQLF�DFLGV�ZHUH�DQDO\]HG�RQ�DQ�
LRQ�H[FKDQJH�FROXPQ��+L�3OH[�+�����PP�[�����PP�����P���7KH�DQDO\WLFDO�FRQGLWLRQV�ZHUH�DV�IROORZV��ÁRZ�����
P/�PLQ��������&��HOXHQW�+2624�������P0���LVRFUDWLF�FRQGLWLRQ�IRU����PLQ�DW�����QP��7KH�DQDO\VLV�ZDV�SHUIRUPHG�
LQ� WULSOLFDWH��2UJDQLF�DFLGV�ZHUH� LGHQWLÀHG�E\�FRPSDULQJ� WKH� UHWHQWLRQ� WLPHV�ZLWK� VWDQGDUGV�DQG�TXDQWLÀHG�XVLQJ�
H[WHUQDO�FDOLEUDWLRQ�FXUYHV�ZLWK�D�OLQHDULW\�UDQJH�RI�������������PJ�/��. Good correlation was obtained (r2� ����������

+\GURSKLOLF�DQWLR[LGDQW�FDSDFLW\��+�25$&�

7KH�K\GURSKLOLF� R[\JHQ� UDGLFDO� DEVRUEDQFH� FDSDFLW\� �+�25$&��ZDV�GHWHUPLQHG� DV�GHVFULEHG�E\�+XDQJ�HW�
DO�� �������DQG�2X�HW�DO�� ��������$�VSHFWURÁXRURPHWHU��6\QHUJ\�+7��%LR7HN�,QVWUXPHQWV��ZDV�XVHG�ZLWK����ZHOO�
SRO\SURS\OHQH�SODWHV�DQG�ÁXRUHVFHLQ�DV�WKH�LQGLFDWRU�RI�SHUR[\O�UDGLFDO�GDPDJH��7KH�H[FLWDWLRQ�ZDYHOHQJWK�ZDV�����
QP��DQG�WKH�HPLVVLRQ�ZDYHOHQJWK�ZDV�����QP��6ROXWLRQV�ZHUH�SUHSDUHG�ZLWK�SKRVSKDWH�EXIIHU�����P0��S+�������
(DFK�ZHOO�ZDV�ÀOOHG�ZLWK������/�RI�ÁXRUHVFHLQ�DQG�����/�RI�EXIIHU��EODQN���D�VWDQGDUG�7UROR[�VROXWLRQ��RU�D�VDPSOH�
RI�DQ�DSSURSULDWH�GLOXWLRQ��7KH�SODWHV�ZHUH�LQFXEDWHG�DW�����&�IRU����PLQ���$IWHU�LQFXEDWLRQ������/�RI����·�$]RELV���
DPLGLQRSURSDQH��GLK\GURFKORULGH��$$3+��VROXWLRQ�ZHUH�DGGHG�DQG�SODWHV�ZHUH�VKDNHQ��7KH�ÁXRUHVFHQFH�GHFD\�
ZDV�PHDVXUHG�HYHU\�PLQXWH�IRU����PLQ�DW�����&��7KH�+�25$&�ZDV�H[SUHVVHG�DV�PLFURPROHV��ƫmol) of Trolox 
HTXLYDOHQWV��7(��SHU�����J�RI�IUHVK�VDPSOH�XVLQJ�DQ�H[WHUQDO�FDOLEUDWLRQ�FXUYH�RI�7UROR[�����������ƫPRO�7(�/��) 
with good correlation (r2 ��������

3RO\SKHQROV�SURÀOH�DQDO\VLV�E\�83/&�'$'�(6,�4�72)�06

7KH�UHPDLQLQJ�SRO\SKHQRO�ULFK�H[WUDFW�ZDV�WUDQVIHUUHG�WR�DQ�$PEHUOLWH�;$'���FROXPQ�WR�HOLPLQDWH�DVFRUELF�
acid, reducing sugars, and amino acid interference and concentrating the extract. It was eluted with a mixture of 
������PHWKDQRO�ZDWHU� DQG� HYDSRUDWHG� XQGHU� YDFXXP�DW� ��� �&�XQWLO� DOPRVW� DOO� WKH�PHWKDQRO�ZDV� UHPRYHG��7KH�
UHPDLQLQJ�VROXWLRQ�ZDV�IUHH]H�GULHG��$QDO\VLV�ZDV�SHUIRUPHG�LQ�VHULHV�XVLQJ�D�:DWHUV�$FTXLW\�8OWUD�3HUIRUPDQFH�
/LTXLG�&KURPDWRJUDSK\�V\VWHP��83/&��HTXLSSHG�ZLWK�D�'LRGH�$UUD\�'HWHFWRU��'$'��$&4��3'$�DQG�FRXSOHG�
ZLWK�(OHFWURVSUD\�,RQL]DWLRQ��FDSLOODU\�YROWDJH�����N9��GU\�WHPSHUDWXUH������&��DQG�4XDGUXSROH�7LPH�2I�)OLJKW�
0DVV�6SHFWURPHWHU��(6,�4�72)�06���

0DVV�VSHFWURPHWU\�GDWD�ZHUH�DFTXLUHG�LQ�SRVLWLYH�LRQL]DWLRQ�PRGH��)XOO�VFDQ�ZDV�PHDVXUHG�IURP����WR�������
P�]�� �6HSDUDWLRQ�ZDV�SHUIRUPHG�XVLQJ�D�UHYHUVHG�SKDVH�&����FROXPQ������PP�[�����PP�������P��XVLQJ�ZDWHU�
IRUPLF�DFLG������������Y�Y��DV�VROYHQW�$�DQG�DFHWRQLWULOH�ZDWHU�IRUPLF�DFLG��������������DV�VROYHQW�%�DW�D�ÁRZ�UDWH�
RI�����P/�PLQ���DW�����&��7KH�JUDGLHQW�IRU�VDPSOHV�ZDV�����PLQ������$������PLQ������$�������PLQ������$��������
PLQ������$��������PLQ�����$��������PLQ�����$��������PLQ������$��������PLQ������$��

$QDO\VLV�RI�DURPD�FRPSRXQGV

([WUDFWV�RI�DURPD�FRPSRXQGV�ZHUH�REWDLQHG�E\�PL[LQJ����J�RI�VDPSOH����J�RI�VRGLXP�FKORULGH�����P/�RI�ZDWHU�
W\SH�,��DQG�����P/�RI�����SHQWDQH�HWKHU���7KH�PL[WXUH�ZDV�PDJQHWLFDOO\�VWLUUHG�IRU���KRXUV��7KH�LQWHUQDO�VWDQGDUG�
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ZDV� ��RFWDQRO� ���� �J��� 9RODWLOH� FRPSRXQGV� ZHUH� VHSDUDWHG� ZLWK� D� +HZOHWW�3DFNDUG� ����� JDV� FKURPDWRJUDSK�
FRXSOHG�WR�D�+HZOHWW�3DFNDUG������TXDGUXSROH�PDVV�VSHFWURPHWHU�ZLWK�HOHFWURQ�LRQL]DWLRQ�PRGH��(,��JHQHUDWHG�
DW����H9�DQG�D�'%�:$;�FROXPQ��-	:�6FLHQWLÀF��)ROVRP��&$��86$���������P�SDUWLFOH�VL]H�����PP�OHQJWK�������
PP�L�G��7KH�LQMHFWLRQ�YROXPH�ZDV������/��

7KH�FKURPDWRJUDSKLF�FRQGLWLRQV�ZHUH�DV�IROORZV��7KH�LRQ�VRXUFH�DQG�TXDGUXSROH�WHPSHUDWXUHV�ZHUH������&�
DQG������&��UHVSHFWLYHO\��7KH�RYHQ�WHPSHUDWXUH�JUDGLHQW�ZDV����PLQ�DW�����&��LQFUHDVH�IURP�����&�WR������&�DW�D�
UDWH�RI����&�PLQ���������&�IRU����PLQ��7KH�LQMHFWRU�WHPSHUDWXUH�ZDV������&��VSLWOHVV�PRGH��+HOLXP�ZDV�XVHG�DV�
FDUULHU�JDV�DW�D�ÁRZ�UDWH�RI�����P/�PLQ����(OHFWURQ�LPSDFW�PDVV�VSHFWUD�ZHUH�UHFRUGHG�LQ�WKH��������D�P�X��UDQJH��

&RPSRXQGV�ZHUH�LGHQWLÀHG�E\�OLQHDU�UHWHQWLRQ�LQGLFHV�RQ�D�'%�ZD[�FROXPQ�DQG�(,�PDVV�VSHFWUD��:LOH\�����
/�OLEUDU\��IURP�WKH�OLWHUDWXUH��)RU�TXDQWLÀFDWLRQ��UHVSRQVH�IDFWRUV�ZHUH�WDNHQ�DV�����IRU�DOO�FRPSRXQGV�FRQFHUQLQJ�
WKH�LQWHUQDO�VWDQGDUG��$PRXQWV�ZHUH�H[SUHVVHG�DV��J�RI���RFWDQRO�HTXLYDOHQWV�SHU�����J�RI�IUHVK�ZHLJKW��$�VHULHV�
RI�Q�DONDQHV��L�H��&���&����ZHUH�XVHG�DV�D�UHIHUHQFH�WR�FDOFXODWH�OLQHDU�UHWHQWLRQ�LQGLFHV�

Statistical analysis

To determine the effects of fruit processing on bioactive compounds and antioxidant capacity, an unrestricted 
random design was used with four treatments corresponding to each type of juice: pressed juice (A), enzymatic 
WUHDWHG� MXLFH� �%��� WKHUPDO� WUHDWHG� MXLFH� �&��� HQ]\PDWLF� DQG� WKHUPDO� WUHDWHG� MXLFH� �'��� 7KH� UHVSRQVH� YDULDEOHV�
were total polyphenol content, total anthocyanin content, total vitamin C content and antioxidant activity by 
WKH�+�25$&�PHWKRG�� )RU� HDFK� WUHDWPHQW�� WKH�PHDQ� DQG� VWDQGDUG� GHYLDWLRQ�ZHUH� FDOFXODWHG� IRU� HDFK� YDULDEOH��
6LJQLÀFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��p ��������ZHUH�GHWHUPLQHG�E\�$129$��$�7XNH\�WHVW�ZDV�DSSOLHG�WR�YHULI\�
VLJQLÀFDQW�GLIIHUHQFHV�DPRQJ�PHDQV�RI�WKH�UHVSRQVH�YDULDEOHV�LQ�HDFK�WUHDWPHQW��GLIIHUHQFHV�ZHUH�LQGLFDWHG�ZLWK�
GLIIHUHQW�OHWWHUV��6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�-03�6$6�YHUVLRQ���SURJUDP�

Results

The fruits of B. guineensis grow in clusters (one to three clusters per stem) and are similar in appearance 
to grapes, which explains the vernacular name of “uvita” or “small grapes”. It was determined that most of the 
IUXLWV�KDYH�DQ�RYRLG�JHRPHWU\�ZLWK�D�GLDPHWHU�RI�DURXQG�������������FP��7KH�ZHLJKW�RI�HDFK�IUXLW�ZDV�UHODWLYHO\�
KRPRJHQHRXV�DURXQG�������������J��7KH�VLQJOH�VHHG�UHSUHVHQWHG������RI�WKH�IUXLW�ZHLJKW��7KH�HGLEOH�SDUW�RI�WKH�
IUXLW�LQFOXGHG�WKH�SXOS��DQG�WKH�WKLQ�VNLQ�UHSUHVHQWHG������RI�WKH�WRWDO�ZHLJKW�RI�WKH�IUXLW��7KH�FRORU�SDUDPHWHUV�RI�
WKH�HGLEOH�SDUW�RI�WKH�IUXLW�UDQJHG�IURP�������������IRU�/
��������������IRU�D
������������IRU�E
��7KH�&
�YDOXH�ZDV�
������������DQG�K��YDOXH�ZDV���������������

The nutritional composition and main bioactive compound in the edible part of the huiscoyol palm fruit were 
VKRZQ�LQ�7DEOH����

7KH�SURÀOH�RI�SRO\SKHQROV�SUHVHQWV� LQ� WKH�IUXLW�ZHUH�VKRZQ�LQ�WKH�FKURPDWRJUDP�LQ�)LJXUH����6LJQDOV�ZHUH�
REVHUYHG�LQ�ERWK�QHJDWLYH��)LJXUH���$��DQG�SRVLWLYH��)LJXUH���%��PRGHV�WR�FRYHU�DOO� W\SHV�RI� LRQL]DWLRQV�RI� WKH�
GLIIHUHQW�IDPLOLHV�RI�SRO\SKHQROV��7KH�06�06�IUDFWLRQDWLRQ�SDWWHUQV��WKH�RULJLQDO�LRQ�>0�+@-�RU�>0�+@+ of each of 
WKH�VLJQDOV��DQG�WHQWDWLYH�LGHQWLÀFDWLRQ�RI�HDFK�FRPSRXQG�ZHUH�VKRZQ�LQ�7DEOH���DQG�7DEOH���



Agron. Mesoam. 35(Especial): Artículo 60173, 2024
ISSN 2215-3608   https://doi.org/10.15517/am.2024.60173

Cortés-Herrera et al.: Bactris guineensis��MXLFH�SURFHVVLQJ�DQG�QXWULWLRQDO�SURÀOH

Table 1. Main physicochemical, nutritional composition and antioxidant activity of the edible part of the B. guineensis� �Q ���� IUXLW�
JURZQ�LQ�&RVWD�5LFD��&KHPLVWU\�/DERUDWRU\�RI�WKH�1DWLRQDO�&HQWHU�IRU�)RRG�6FLHQFH�DQG�7HFKQRORJ\��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�
José��&RVWD�5LFD�������

Cuadro 1��3ULQFLSDO�FRPSRVLFLyQ�ÀVLFRTXtPLFD��QXWULFLRQDO�\�DFWLYLGDG�DQWLR[LGDQWH�GH�OD�SDUWH�FRPHVWLEOH�GHO�IUXWR�B. guineensis (n= 
���FXOWLYDGR�HQ�&RVWD�5LFD��/DERUDWRULR�GH�4XtPLFD�GHO�&HQWUR�1DFLRQDO�GH�&LHQFLD�\�7HFQRORJtD�GH�$OLPHQWRV��8QLYHUVLGDG�GH�&RVWD�
5LFD��6DQ�-RVp��&RVWD�5LFD�������

Component Value range in fresh weight content
0RLVWXUH��J�����J��) ����������
$VK��J�����J��) ���������
3URWHLQ��J�����J��) ���������
&UXGH�IDW��J�����J��) ���������
7RWDO�FDUERK\GUDWHV��J�����J��) �����

Simple sugars (g 100 g-1)
Sucrose NDa����
Fructose ����������
Glucose ����������

'LHWDU\�ÀEHU��J�����J��) ����²�����
7RWDO�VROXEOH�VROLGV����%UL[� �������
pH ���������
$FLGLW\��J�VXFFLQLF�DFLG�����J��) ���������

Organic acids (mg 100 g-1)
Citric acid ��������
Malic acid ����������
Succinic acid ������������

Minerals (mg 100 g-1)
Sodium ����������
Potassium �������
Calcium �����
Iron ���������

9LWDPLQ�&��PJ�����J��) NDb����
7RWDO�SRO\SKHQROV��PJ�*$(�����J��) �����������
7RWDO�DQWKRF\DQLQV��PJ�&�*(�����J��) ���²���
+�25$&���PRO�7UROR[�HTXLYDOHQWV�����J��) ������²��� ���

NDa��1RW�GHWHFWHG��OHVV�WKDQ������J�����J��: NDb��1RW�GHWHFWHG��OHVV�WKDQ������PJ�����J����*$(��JDOOLF�DFLG�HTXLYDOHQWV��&�*(��F\DQLGLQ�
��2�JOXFRVLGH� HTXLYDOHQWV�� ��1'a��1R�GHWHFWDGR��PHQRV� GH� ������J� ����J��: NDb��1R�GHWHFWDGR��PHQRV� GH� �����PJ�����J����*$(��
HTXLYDOHQWHV�GH�iFLGR�JiOLFR��&�*(��HTXLYDOHQWHV�GH�FLDQLGLQ���2�JOXFyVLGR�
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The total volatile compound content of B. guineensis�ZDV������J�����J��7KH�FKURPDWRJUDP�REWDLQHG�IURP�WKH�
VHSDUDWLRQ�DQG�TXDQWLÀFDWLRQ�RI�WKH�SURÀOH�RI�YRODWLOH�FRPSRXQGV�DVVRFLDWHG�ZLWK�DURPDV�ZHUH�VKRZQ�LQ�)LJXUH����
7KH�WHQWDWLYH�LGHQWLÀFDWLRQ�RI�WKH�VLJQDOV�REWDLQHG��VXPPDUL]HG�LQ�7DEOH����ZDV�EDVHG�RQ�ELEOLRJUDSKLF�UHIHUHQFHV�
and the library of the GC-MS.

7KLV� UHVHDUFK�VSHFLÀFDOO\� IRFXVHG�RQ� WKH�XQLW�RSHUDWLRQV�XVHG� WR�REWDLQ� MXLFH�DQG� WKHLU�HIIHFWV�RQ�ELRDFWLYH�
FRPSRXQGV��7KH�FRQWHQW�RI�ELRDFWLYH�FRPSRXQGV�DQG�DQWLR[LGDQW�DFWLYLW\�H[SUHVVHG�DV�+�25$&�ZHUH�DQDO\]HG�
DQG�WKH�UHVXOWV�ZHUH�VXPPDUL]HG�LQ�7DEOH����

The statistical analysis revealed that the thermal treatment, the enzymatic treatment, and the combination 
RI�ERWK�GLG�QRW�JHQHUDWH�VLJQLÀFDQW�FKDQJHV�LQ�WKH�FRQWHQW�RI�WRWDO�SRO\SKHQROV��p !�������RU�WKH�FRQWHQW�RI�WRWDO�
anthocyanins (p !��������7KHUH�ZDV�DOVR�QR�VLJQLÀFDQW�GLIIHUHQFH�LQ�WKH�WRWDO�YLWDPLQ�&�FRQWHQW��p !��������7KHUHIRUH��
WKH�DQWLR[LGDQW�DFWLYLW\�+�25$&�ZDV�QRW�H[SHFWHG�WR�FKDQJH�VLJQLÀFDQWO\�ZLWK�WKH�GLIIHUHQW�WUHDWPHQWV��p !�������

Figure 1. 3RO\SKHQROLF�FRPSRXQGV�SURÀOH�RI�KXLVFR\RO�IUHVK�IUXLW�E\�83/&�(6,�4�72)�06�LQ�QHJDWLYH�PRGH��$��DQG�SRVLWLYH�PRGH�
�%��XVLQJ�&����FROXPQ��JUDGLHQW�IRUP�ZDWHU�IRUPLF�DFLG�DW�����P/�PLQ���DQG�����&��5HVHDUFK�&HQWHU�LQ�1DWXUDO�3URGXFWV��&,3521$��
Universidad de Costa Rica, San José��&RVWD�5LFD��������

Figura 1. 3HUÀO�GH�FRPSXHVWRV�SROLIHQyOLFRV�GH�IUXWD�IUHVFD�GH�KXLVFR\RO�SRU�83/&�(6,�4�72)�06��HQ�PRGR�QHJDWLYR��$��\�PRGR�
SRVLWLYR��%��XVDQGR�XQD�FROXPQD�&�����JUDGLHQWH�GH�DJXD�iFLGR�IyUPLFR�D�����P/�PLQ���\�����&��&HQWUR�GH�,QYHVWLJDFLyQ�HQ�3URGXFWRV�
1DWXUDOHV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������
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Table 2.�7HQWDWLYH�LGHQWLÀFDWLRQ�RI�ÁDYRQROV�DQG�DQWKRF\DQLQV�SUHVHQW�LQ�D�SXULÀHG�SRO\SKHQRO�H[WUDFW�RI�WKH�KXLVFR\RO�IUXLW�DQDO\]HG�E\�
83/&�(6,�4�72)�06��&HQWHU�IRU�5HVHDUFK�LQ�1DWXUDO�3URGXFWV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

Cuadro 2.�,GHQWLÀFDFLyQ�WHQWDWLYD�GH�ÁDYRQROHV�\�DQWRFLDQLQDV�SUHVHQWHV�HQ�XQ�H[WUDFWR�SXULÀFDGR�GHO�IUXWR�KXLVFR\RO�DQDOL]DGR�SRU�83/&�
(6,�4�72)�06��&HQWUR�GH�,QYHVWLJDFLyQ�HQ�3URGXFWRV�1DWXUDOHV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

N° Compound RT 
(min)

UV 
(nm)

[M-H]- 

(m/z)
MS/MS- 

(m/z)
[M-H]+ 
(m/z)

MS/MS+ 

(m/z)
� NDHPSIHURO���GLJOXFRVLGH���

glucoside
��� �������� �������� ������������� �������� �����������

2 NDHPSIHURO���2�JOXFRV\O�
rhamnosyl-glucoside

��� �������� �������� ������������� �������� �����������

4 SHRQLGLQ���2�UXWLQRVLGH� ��� �������� �������� ������� - -
� SHRQLGLQ���2�UXWLQRVLGH ��� �������� �������� ������� - -
�E F\DQLGLQ���2�UXWLQRVLGH ��� ��� - �������� ��������
�� taxifolin deoxyhexosyl- hexoside ��� �������� �������� ������� - -
20 TXHUFHWLQ���2�UXWLQRVLGH ���� �������� �������� ��� - -

1���QXPEHU�RI�SHDN�LQ�FKURPDWRJUDP�)LJXUH����75��UHWHQWLRQ�WLPH��>0�+@-  molecular ion in negative mode; >0�+@+ molecular ion in 
positive mode; MS/MS- fragment pattern in negative mode, MS/MS+ fragment pattern in positive mode. / N°: número de pico en el 
FURPDWRJUDPD�)LJXUD����75��WLHPSR�GH�UHWHQFLyQ��>0�+@- ion molecular en modo negativo; >0�+@+ ion molecular en modo positivo; 
MS/MS- patrón de fraccionamiento en modo negativo, MS/MS+ patrón de fraccionamiento en modo positivo. 

Table 3.�7HQWDWLYH�LGHQWLÀFDWLRQ�RI�SURDQWKRF\DQLGLQV�SUHVHQW�LQ�D�SXULÀHG�SRO\SKHQRO�H[WUDFW�RI�WKH�KXLVFR\RO�IUXLW�DQDO\]HG�E\�83/&�
(6,�4�72)�06��&HQWHU�IRU�5HVHDUFK�LQ�1DWXUDO�3URGXFWV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

Cuadro 3.�,GHQWLÀFDFLyQ�WHQWDWLYD�GH�SURDQWRFLDQLGLQDV�SUHVHQWHV�HQ�XQ�H[WUDFWR�SXULÀFDGR�GHO�IUXWR�KXLVFR\RO�DQDOL]DGR�SRU�83/&�
(6,�4�72)�06��&HQWUR�GH�,QYHVWLJDFLyQ�HQ�3URGXFWRV�1DWXUDOHV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

N° Compound RT 
(min)

UV 
(nm)

[M-H]- 

(m/z)
MS/MS-

(m/z)
[M-H]+ 
(m/z)

MS/MS+ 

(m/z)
�D HSLJDORFDWHTXLQ�FDWHTXLQ ��� ��� �������� ������������� - -
� procyanidin trimer ��� �������� �������� ������������� - -
� procyanidin tetramer ��� �������� ��������� �������������� - -
� procyanidin dimer ��� �������� �������� ������������� - -
�� procyanidin trimer ��� �������� �������� - �������� ������������������
�� procyanidin dimer ��� �������� �������� �������� �������� ��������
�� procyanidin tetramer ��� �������� - ��������� �����������
�� procyanidin tetramer ��� �������� ��������� ������������������

�� procyanidin tetramer ���� �������� ��������� ������������������ ��������� ��������������������
��������

�� procyanidin tetramer ���� �������� ��������� ������������������ �������� ���
�� procyanidin trimer ���� �������� �������� ������������������ �������� �������������

�� procyanidin tetramer ���� �������� ��������� ������������������ ��������� ���������������
�������

�� procyanidin tetramer ���� �������� - ��������� �������������
22 procyanidin tetramer ���� �������� - - ��������� �������������

1���QXPEHU�RI�SHDN�LQ�FKURPDWRJUDP�)LJXUD����75��UHWHQWLRQ�WLPH��>0�+@-   molecular ion in negative mode; >0�+@+ molecular ion in 
positive mode; MS/MS- fragment pattern in negative mode, MS/MS+ fragment pattern in positive mode. / N°: número de pico en el 
FURPDWRJUDPD�)LJXUD����75��WLHPSR�GH�UHWHQFLyQ��>0�+@- ion molecular en modo negativo; >0�+@+ ion molecular en modo positivo; 
MS/MS- patrón de fraccionamiento en modo negativo, MS/MS+ patrón de fraccionamiento en modo positivo. 
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Figure 2.�(OXWLRQ�SURÀOH�RI�DURPD�YRODWLOH�FRPSRXQGV�E\�*&�06�FKURPDWRJUDSK\�XVLQJ�'%�:$;�FROXPQ��������P�[����PP�[������
mm). Research Center in Natural Products, CIP521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

Figura 2. 3HUÀO�GH�FRPSXHVWRV�YROiWLOHV�GH�DURPD�SRU�FURPDWRJUDItD�GH�JDVHV�*&�06��&HQWUR�GH�,QYHVWLJDFLyQ�HQ�3URGXFWRV�1DWXUDOHV��
&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������



Agron. Mesoam. 35(Especial): Artículo 60173, 2024
ISSN 2215-3608   https://doi.org/10.15517/am.2024.60173

Cortés-Herrera et al.: Bactris guineensis��MXLFH�SURFHVVLQJ�DQG�QXWULWLRQDO�SURÀOH

Table 4. 9RODWLOH�FRPSRXQGV� WHQWDWLYH�SURÀOH�SUHVHQW� LQ�KXLVFR\RO�IUXLW�DQDO\]HG�E\�*&�06�LWV� UHODWLYH�SHUFHQW��FRQFHQWUDWLRQ��DQG�
RGRU�DWWULEXWH�FRPSDUHG�ZLWK�UHIHUHQFHV��5HVHDUFK�&HQWHU�LQ�1DWXUDO�3URGXFWV��&,3521$��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�
5LFD��������

Cuadro 4.�3HUÀO� WHQWDWLYR�GH� FRPSXHVWRV�YROiWLOHV�SUHVHQWHV� HQ� HO� IUXWR� IUHVFR�GH�KXLVFR\RO� DQDOL]DGRV�SRU�*&�06�� VX�SRUFHQWDMH�
UHODWLYR�� FRQFHQWUDFLyQ� \� DWULEXWR� GH� RORU� FRPSDUDGR� FRQ� UHIHUHQFLDV��&HQWUR� GH� ,QYHVWLJDFLyQ� HQ�3URGXFWRV�1DWXUDOHV��&,3521$��
8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

N° 7HQWDWLYH�LGHQWLÀFDWLRQ RT 
(min)

LRI DB-wax Cn µg/100 
g fw.

R.P 
(%)

Odor attribute 
(reference)Cal Lit.

� 2-pentanone ���� ���� - ������������ ���� Sweet c

2 ��PHWK\O���EXWHQ���RO ���� ���� - ����������� ���� -

� hexanal ����� ���� ����g ����������� ���� grass, fat b

� ��SHQWDQRO ����� ���� - ����������� ���� -

� 2-pentanol ����� ���� - ����������� ���� -

� ��EXWDQRO ����� ���� - ����������� ���� alcoholic, pungent a

� 2-methyl-2-pentenal ����� ���� - ������������ ���� green, fruity b

� heptanal ����� ���� - ������������ ���� fat, citrus, rancidb

�� ��PHWK\O���EXWDQRO ����� ���� ����f ����������� ���� whiskey b

�� ��SHQWDQRO ����� ���� - ����������� ���� mellow, balsamic c

�� ��K\GUR[\���EXWDQRQH ����� ���� - ����������� ���� -

�� ��KH[DQRO ����� ���� ����f ����������� ���� ÁRZHU��JUHHQ�b

�� nonanal ����� ���� ����f ������������ ����� cucumber, lemon, 
green, citrusb

�� acetic acid ����� ���� ����f ������������� ����� strong vinegar d

�� ����SURSDQHGLRO ����� ���� - ����������� ���� -

�� nonanol ����� ���� - ����������� ���� ÁRUDO��URVH��IUHVKb

�� alpha-ionene ����� ���� - ����������� ���� -

�� hexanoic acid ����� ���� ����f ���������� ���� vinegar, greene

24 heptanoic acid ����� ���� - ����������� ���� -

�� octanoic acid ����� ���� ����f ����������� ���� fatty, waxy, rancid
vegetable oil d

�� nonanoic acid ����� ���� - ����������� ���� waxy, fatty, cheesyd

�� 4-vinyl-metoxyphenol ����� ���� ����f ����������� ���� -

1���QXPEHU�RI�SHDN�LQ�FKURPDWRJUDP�)LJXUH����75��UHWHQWLRQ�WLPH��/5,�&DO��OLQHDU�UHWHQWLRQ�LQGH[�FDOFXODWHG��/5,�/LW��OLQHDU�UHWHQWLRQ�
LQGH[�OLWHUDWXUH��5�3�UHODWLYH�SHUFHQW����1���Q~PHUR�GH�SLFR�HQ�HO�FURPDWRJUDPD�)LJXUD����75��WLHPSR�GH�UHWHQFLyQ��/5,�&DO�tQGLFH�OLQHDO�
GH�UHWHQFLyQ�FDOFXODGR��/5,�/LW��índice lineal de retención de literatura; R.P: porcentaje relativo.
D�<DQ�HW�DO����������E��7HMHGRU�&DOYR�HW�DO����������F��=KX�HW�DO����������G��$ERXHOHQHLQ�HW�DO����������H��'H�)UHLWDV�)HUUHLUD�HW�DO���������
I��&XOOHUp�HW�DO����������J��+|JQDGyWWLU�DQG�5RXVHII��������
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Discussion

7KH�QXWULWLRQDO�FRPSRVLWLRQ�RI�KXLVFR\RO�IUXLWV�VKRZHG�WKDW�WKH�GU\�PDWWHU�ZDV�DSSUR[LPDWHO\�������1R�OLSLGV�
were detected in the pulp which was uncommon for a palm fruit of the Bactris genus, for example, peach palm 
fruits (Bactris gasipaes��IURP�&RVWD�5LFD�KDYH�D�KLJK�IDW�FRQWHQW��PD[LPXP�RI������J�����J�� fw) (Rojas-Garbanzo 
HW�DO����������3URWHLQ�FRQWHQW�ZDV�UHODWLYHO\�KLJK�FRPSDUHG�WR�RWKHU�WURSLFDO�IUXLWV�RI�&RVWD�5LFD��0RQWHUR�HW�DO���
2022). High ash values were observed for huiscoyol fruit, the ash content of most fruits grown in Costa Rica is less 
WKDQ�����J�����J�� fw. 

�0LQHUDOV�VXFK�DV�VRGLXP��SRWDVVLXP��FDOFLXP�DQG� LURQ�ZHUH�TXDQWLÀHG� LQ� IUHVK� IUXLWV��7KH�VRGLXP�FRQWHQW�
ZDV� KLJKHU� WKDQ� UHSRUWHG� E\� (UüDQ� HW� DO�� �������� /RZHU� YDOXH� ZDV� REWDLQHG� IRU� LURQ� DQG� D� VLPLODU� YDOXH� IRU�
FDOFLXP�FRPSDUHG�WR�WKH�VDPH�VWXG\��3RWDVVLXP�FRQWHQW�ZDV�UHOHYDQW�VLQFH�LW�UHSUHVHQWV������RI�WKH�UHFRPPHQGHG�
GLHWDU\�YDOXH��7KLV�YDULDELOLW\�FRXOG�EH�EHFDXVH�(UüDQ�HW�DO���������DQDO\]HG�D�VLQJOH�JHRJUDSKLFDO�DUHD��%DJDFHV��
*XDQDFDVWH��&RVWD�5LFD��DQG�RQH�KDUYHVW�WLPH�LQ�������7KRVH�YDOXHV�REWDLQHG�LQ�WKLV�UHVHDUFK�FRUUHVSRQG�WR�WZR�
GLIIHUHQW�JURZLQJ�DUHDV� LQ�*XDQDFDVWH� �&DxDV� DQG�%DJDFHV�� DQG� IRXU�GLIIHUHQW�KDUYHVWV� ������������������� DQG�
�������7KHUHIRUH��GLIIHUHQFHV�LQ�FOLPDWLF�FRQGLWLRQV�DQG�VRLO�FRPSRVLWLRQ�XVXDOO\�DIIHFW�WKH�PLQHUDO�FRQWHQWV�

7KH�KXLVFR\RO�IUXLW�SUHVHQWHG�D�PD[LPXP�YDOXH�RI����J�SHU�����J��IZ��RI�WRWDO�FDUERK\GUDWHV��RI�ZKLFK������
DUH�DYDLODEOH�FDUERK\GUDWHV��7KH�PRVW�FRPPRQ�IUXLW�VXJDUV��JOXFRVH��IUXFWRVH�DQG�VXFURVH�ZHUH�LGHQWLÀHG��6XFURVH�
ZDV�TXDQWLÀDEOH�RQO\�LQ�WKH������EDWFK��SUREDEO\�GXH�WR�WKH�ULSHQLQJ�VWDJH�RI�WKH�IUXLW��EXW�WKLV�VXJDU�ZDV�GHWHFWDEOH�
�QRW�TXDQWLÀDEOH��LQ�IUXLWV�KDUYHVWHG�LQ������DQG�������DQG�LW�ZDV�QRW�GHWHFWDEOH�LQ�WKH������DQG������EDWFKHV��7KH�
DYDLODEOH�FDUERK\GUDWHV�YDOXH��GLHWDU\�ÀEHU�QR�LQFOXGHG��UDQJHG�IURP�����WR������J�SHU�����J�IZ��7KH�KLJK�FRQWHQW�
of fermentable sugars explains the traditional use of the juice for making alcoholic beverages in other countries like 
&RORPELD�RU�1LFDUDJXD��5RMDQR�HW�DO����������

'LHWDU\�ÀEHU�LV�D�QXWULHQW�WKDW�SOD\V�D�FUXFLDO�UROH�LQ�PDLQWDLQLQJ�D�KHDOWK\�GLJHVWLYH�V\VWHP��'LHWDU\�ÀEHU�LV�
DVVRFLDWHG�ZLWK�IXQFWLRQDO�IRRGV�DQG�KDG�EHFRPH�D�WUHQGLQJ�FRQVXPHU�SUHIHUHQFH��'UHKHU���������+XLVFR\RO�IUHVK�
IUXLW�FRQWDLQHG�DQ�DYHUDJH�RI�����J�SHU�����J�IZ��ZKLFK�LV�UHODWLYHO\�KLJK�FRPSDUHG�WR�WKDW�UHSRUWHG�LQ�RWKHU�WURSLFDO�

Table 5. $YHUDJH�YDOXHV��Q ����DQG�VWDQGDUG�GHYLDWLRQ���6'� of total polyphenols, total anthocyanins, vitamin C content and antioxidant 
DFWLYLW\��+�25$&��RI�WKH�IRXU�KXLVFR\RO�MXLFHV�REWDLQHG�RQ�D�SLORW�VFDOH��3UHVVHG�MXLFH��$���HQ]\PDWLF�WUHDWHG�MXLFH��%���WKHUPDO�WUHDWHG�
MXLFH��&���HQ]\PDWLF�DQG�WKHUPDO�WUHDWHG�MXLFH��'���&KHPLVWU\�/DERUDWRU\�RI� WKH�1DWLRQDO�&HQWHU�IRU�)RRG�6FLHQFH�DQG�7HFKQRORJ\��
Universidad de Costa Rica, San José��&RVWD�5LFD�������

Cuadro 5.�9DORUHV�SURPHGLR��Q ����\�VX�GHVYLDFLyQ�HVWiQGDU���6'��GH�SROLIHQROHV�WRWDOHV��DQWRFLDQLQDV�WRWDOHV��FRQWHQLGR�GH�YLWDPLQD�
&�\�DFWLYLGDG�DQWLR[LGDQWH� �+�25$&��GH� ORV�GLIHUHQWHV� MXJRV�GH�KXLVFR\RO�REWHQLGRV�D� HVFDOD�SLORWR�� -XJR�SUHQVDGR� �$��� MXJR�FRQ�
WUDWDPLHQWR�HQ]LPiWLFR��%���MXJR�FRQ�WUDWDPLHQWR�WpUPLFR��&��\�MXJR�FRQ�WUDWDPLHQWR�WpUPLFR�\�HQ]LPiWLFR��'���/DERUDWRULR�GH�4XtPLFD�
GHO�&HQWUR�1DFLRQDO�GH�&LHQFLD�\�7HFQRORJtD�GH�$OLPHQWRV��8QLYHUVLGDG�GH�&RVWD�5LFD��6DQ�-RVp��&RVWD�5LFD�������

Juice Total polyphenols
(mg GAE 100 g-1)

Total anthocyanins
(mg C3GE 100 g-1)

Vitamin C
(mg 100 g-1)

ORAC
(µmol TE 100 g-1)

A ��������� ����������� ����������� ������������

% ��������� ����������� ����������� ����������� a

C ��������� ����������� ������������� ��������� ���D 

D ��������� ����������� ������������� ������������� a

*$(�� JDOOLF� DFLG� HTXLYDOHQWV��&�*(�� F\DQLGLQ���2�JOXFRVLGH� HTXLYDOHQWV��7(��7UROR[� HTXLYDOHQWV�� YDOXHV�ZLWK� GLIIHUHQW� OHWWHUV� DUH�
VLJQLÀFDQWO\�GLIIHUHQW��S������������*$(��HTXLYDOHQWHV�GH�iFLGR�JiOLFR��VLJODV�HQ�LQJOpV���&�*(��HTXLYDOHQWHV�GH�FLDQLGLQ���2�JOXFyVLGR�
�VLJODV�HQ�LQJOpV���7(��HTXLYDOHQWHV�GH�WUROR[��YDORUHV�FRQ�GLIHUHQWHV�OHWUDV�VRQ�VLJQLÀFDWLYDPHQWH�GLIHUHQWHV��S����������
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IUXLWV�IURP�&RVWD�5LFD��0RQWHUR�HW�DO���������DQG�UHSUHVHQW�D�YDOXDEOH�VRXUFH�RI�GLHWDU\�ÀEHU��+RZHYHU��WKH�ÀEHU�
FRQWHQW�ZDV�DERXW�WZHQW\�WLPHV�ORZHU�LQ�SUHVVHG�MXLFH��7KLV�RXWFRPH�ZDV�H[SHFWHG��DV�WKH�ÀEURXV�FRPSRQHQWV�LQ�
the pulp and peel remained in the residue after the juice extraction process.

$VFRUELF�DFLG�ZDV�QRW�GHWHFWHG�LQ�DTXHRXV�H[WUDFWV�RI�IRXU�RI�WKH�VL[�EDWFKHV��RQO\�WKH������EDWFKHV�VKRZHG�
���PJ�����J�� fw. This content was comparable to that found in grapefruit, mandarin clementine, or melon (Fenech 
HW�DO���������)HV]WHURYi�HW�DO���������EXW�ZDV�ORZHU�WKDQ�WKDW�RI�DQRWKHU�IUXLW�EHORQJLQJ�WR�WKH�VDPH�IDPLO\��´WXFXP�
do-cerrado” or “tucum amarelo” or “Natal coconut” (Bactris setosa�0DUW����5RVD�HW�DO����������7KLV�YLWDPLQ�ZDV�
QRW�VLJQLÀFDQWO\�DIIHFWHG�E\�SURFHVVLQJ��7DEOH����GXH�WR�WKH�SUHVHQFH�RI�GHK\GURDVFRUELF�DFLG��WKH�R[LGL]HG�IRUP�
of ascorbic acid, which was the active species in both the juice and the fruit.

The total polyphenol content of huiscoyol grown in Costa Rica was lower than that reported for “tucum-
GR�FHUUDGRµ� �5RVD� HW� DO��� ������� +RZHYHU�� LW� ZDV� FRPSDUDEOH� WR� WKH� WRWDO� SRO\SKHQRO� FRQWHQW� RI� EOXHEHUULHV��
EODFNEHUULHV��VWUDZEHUULHV��DQG�UDVSEHUULHV��0LNXOLF�3HWNRYVHN�HW�DO���������6NURYDQNRYD�HW�DO����������3RO\SKHQRO�
SURÀOH�DQDO\VLV�ZDV�FDUULHG�RXW�LQ�D�NHWRQH�H[WUDFW�RI�WKH�IUXLW�DQG�ZLWK�WKH�KHOS�RI�83/&�06��WZHQW\�WZR�VLJQDOV�
ZHUH�GHWHFWHG��RI�ZKLFK�WZHQW\�FRPSRXQGV�ZHUH�WHQWDWLYHO\�LGHQWLÀHG�LQ�FRPSDULVRQ�ZLWK�WKH�KHOS�RI�GDWDEDVHV�
DQG�UHVHDUFK�UHSRUWV��(UüDQ�HW�DO���������4XHVDGD�HW�DO����������6RPH�RI�WKH�LGHQWLÀHG�FRPSRXQGV�ZHUH�SDUW�RI�WKH�
ÁDYRQRLG�DQG�DQWKRF\DQLQ�IDPLO\��EXW�PRVW�RI�WKHVH�FRPSRXQGV�ZHUH�FRQGHQVHG�WDQQLQV��

%DVHG�RQ�VSHFWURVFRSLF�DQDO\VLV�DQG�IUDJPHQWDWLRQ�SDWWHUQV��VLJQDOV���DQG����7DEOH����LQGLFDWH�WKH�SUHVHQFH�RI�
JO\FRV\ODWHG�NDHPSIHURO�GHULYDWLYHV��P�]�����>0�+@���P�]�����>0�+@����7KH�P�]�����>0������@+ fragment showed 
D� ORVV�RI�D�KH[RVH�DQG�P�]����� >0������@+ showed the loss of a disaccharide. These fragmentation patterns were 
UHSRUWHG�SUHYLRXVO\�ZKHUH�P�]�����>0�+@-�DQG�P�]�����>0�+@+�ZLWK�LRQV�RI�P�]������P�]�����DQG�P�]�����LQGLFDWHG�
WKDW�LW�FRUUHVSRQGHG�WR�NDHPSIHURO���GLJOXFRVLGH���JOXFRVLGH��2OVHQ�HW�DO����������$�WURSLFDO�SXUSOH�UDGLVK��5DSKDQXV�
VDWLYXV��IURP�$IULFD�ZDV�FKDUDFWHUL]HG�E\�.ROH\�HW�DO���������DQG�WHQWDWLYHO\�LGHQWLÀHG�IUDJPHQWV�P�]�����������DQG�
P�]�����������RI�NDHPSIHURO���2�JOXFRV\O�UKDPQRV\O�JOXFRVLGH�DQG�NDHPSIHURO���2�S�FRXPDUR\O�GLJOXFRVLGH��

$Q� LPSRUWDQW� JURXS� RI� FRPSRXQGV� SUHVHQW� LQ� KXLVFR\RO� ZHUH� SURDQWKRF\DQLGLQV�� GLPHULF� �SHDNV� ��� �����
WULPHULF��SHDNV�����������DQG�WHWUDPHULF��SHDNV������������������������DQG�����SURF\DQLGLQV�ZHUH�IRXQG��7KHVH�W\SHV�
of polyphenols were consistent with other studies in B. guineensis �(UüDQ�HW�DO���������4XHVDGD�HW�DO���������DQG�LQ�
the B. setosa��5RVD�HW�DO����������7KH�IUDFWLRQDWLRQ�SDWWHUQV�REVHUYHG�IRU�WKLV�W\SH�RI�FRPSRXQG�FRUUHVSRQG�PRVWO\�
WR�HSLFDWHFKLQ�LRQV�DQG�SRO\PHULF�GHULYDWLYHV��4XHVDGD�HW�DO����������6LJQDO����H[KLELWHG�P�]�����>0�+@- and m/z 
����>0�+@+��DORQJ�ZLWK��IUDJPHQWV�>0������@+�DQG�>0������@+. These characteristics tentatively correspond to the 
SURF\DQLGLQ�%���GLPHU��UHSRUWHG�E\�(UüDQ�HW�DO����������

7KH�WRWDO�DQWKRF\DQLQ�FRQWHQW�LQ�KXLVFR\RO�ZDV�OLNH�WKDW�IRXQG�LQ�FKHUULHV�DQG�UDVSEHUULHV��&DVWDxHGD�6iQFKH]�
	�*XHUUHUR�%HOWUiQ���������6LJQDO���SUHVHQWHG�D�PD[LPXP�DEVRUSWLRQ�VSHFWUXP�DW�����QP��D�>0�+@+�RI�����������
ZLWK�D�IUDFWLRQDWLRQ�P�]������>0������@��VKRZLQJ��WKH�ORVV�RI�D�KH[RVH�DQG�P�]������0�����@��VKRZLQJ�WKH�ORVV�RI�D�
GLVDFFKDULGH��7KLV�FRPSRXQG�FRUUHVSRQGV�WR�F\DQLGLQ���2�UXWLQRVLGH��WKH�LGHQWLÀFDWLRQ�ZDV�YDOLGDWHG�E\�LQMHFWLQJ�
DQ�DQDO\WLFDO�VWDQGDUG��3HRQLGLQ���2�UXWLQRVLGH�ZDV�DOVR�IRXQG��VLJQDO���DQG�����DV�UHSRUWHG�E\�2VRULR�HW�DO����������
(UüDQ�HW�DO���������DQG�4XHVDGD�HW�DO����������

7KH�UDGLFDO�VFDYHQJLQJ�SURSHUWLHV�RI�WKH�KXLVFR\RO�IUXLW�HYDOXDWHG�E\�WKH�+�25$&�PHWKRG�ZHUH�ZLWKLQ�WKH�
UDQJHV�UHSRUWHG�E\�5RMDQR�HW�DO����������7KH�DQWLR[LGDQW�FDSDFLW\�ZDV�OLNH�WKDW�RI�EODFNEHUULHV�DQG�KLJKHU�WKDQ�WKDW�
of other Costa Rican tropical fruits evaluated by Montero et al. (2022). This antioxidant property is related to the 
high content of total polyphenolic compounds and anthocyanins since the edible part of the fruit is relatively low 
in vitamin C. The antioxidant capacity of the huiscoyol juices produced in this study was higher than that of other 
commercially available juices derived from red fruits containing anthocyanins, such as blackcurrant, pomegranate, 
DQG�JUDSH��0DWXWH�HW�DO���������

7KH� HQ]\PDWLF� WUHDWPHQW� LPSURYHG� MXLFH� H[WUDFWLRQ�\LHOG�E\����� VLQFH� WKH�XVH�RI� SHFWLQDVHV� E\�GHJUDGLQJ�
SHFWLF�VXEVWDQFHV�LQ�WKH�FHOO�ZDOO�RI�IUXLW�DFKLHYHV�SDUWLDO�RU�FRPSOHWH�OLTXHIDFWLRQ�RI�IUXLW�SXOS��WKHUHE\�LQFUHDVLQJ�
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WKH�\LHOG��1LJKRMNDU�HW�DO���������DQG� WKH�ELRDFWLYH�FRPSRXQG�FRQWHQW��*XOHU���������%XW� WKLV� WUHDWPHQW�GLG�QRW�
VLJQLÀFDQWO\� DIIHFW� WKH� FRQWHQW� RI� ELRDFWLYH� FRPSRXQGV��7KHVH�ÀQGLQJV� FRQWUDVW�ZLWK� WKRVH� UHSRUWHG�E\�6RWR� HW�
DO�� ��������ZKR� REVHUYHG� WKDW� HQ]\PDWLF� WUHDWPHQW� RI� SUHVVHG� EODFNEHUU\� MXLFH� LQFUHDVHG� WRWDO� DQWKRF\DQLQ� DQG�
HOODJLWDQQLQ�FRQWHQWV��,W�LV�SRVVLEOH�WKDW�KHDWLQJ�WKH�SXOS�WR�����&�WR�DFWLYDWH�WKH�FRPPHUFLDO�HQ]\PH�SUHSDUDWLRQ�
prevented oxidation of bioactive compounds by inactivating endogenous enzymes in the pulp, which is an 
advantage since a greater amount of juice is obtained without affecting the compounds.

7KH�WKHUPDO�WUHDWPHQW�LQ�RXU�VWXG\�GLG�QRW�JHQHUDWH�VLJQLÀFDQW�GLIIHUHQFHV�LQ�WKH�FRQWHQW�RI�SRO\SKHQROV�RU�
anthocyanins. This was contrary to what is reported in literature where thermal treatments could enhance or decrease 
WKH�FRQWHQW�RI�ELRDFWLYH�FRPSRXQGV��3HWUX]]L�HW�DO����������7KLV�WUHDWPHQW�OHG�WR�WKH�ORVV�RI�DQWLR[LGDQW�FRPSRXQGV�
such as polyphenol and vitamin C, this loss was often due to reactions Maillard or oxidative degradation (Nayak 
HW� DO��� ������� 7KH�PDLQ� DQWKRF\DQLQ� LQ� KXLVFR\RO� MXLFH� ZDV� F\DQLGLQ���UXWLQRVLGH�� ZKLFK� LV� D� WKHUPDOO\� VWDEOH�
FRPSRXQG��6XL�HW�DO����������)ODYRQRLGV�VXFK�DV�FDWHFKLQ�DQG�NDHPSIHURO�GHULYDWLYHV��DOVR�IRXQG�LQ�WKLV�MXLFH��H[HUW�
D�FR�SLJPHQWDWLRQ�SKHQRPHQRQ�WKDW�PD\�H[SODLQ�WKH�WKHUPDO�VWDELOLW\�RI�WKLV�DQWKRF\DQLQ��7URXLOODV�HW�DO���������

7KH�YRODWLOH�FRPSRXQG�SURÀOH�RI�KXLVFR\RO�ZDV�SULPDULO\�FRPSRVHG�RI�RUJDQLF�DFLGV��ZLWK�DFHWLF�DFLG�EHLQJ�WKH�
PDMRU�FRPSRQHQW���/RQJ�FKDLQ�DFLGV�VXFK�DV�KH[DQRLF��KHSWDQRLF��RFWDQRLF��DQG�QRQDQRLF�DFLGV�ZHUH�SUHVHQW��7KHVH�
organic acids, mainly derived from yeast fermentation processes, serve as the initial substrate for the formation 
RI� HWK\O� HVWHUV� GXULQJ� WKH� IHUPHQWDWLRQ�SURFHVV� �&DUSHQD� HW� DO��� �������&DUERQ\O� FRPSRXQGV� VXFK� DV� DOGHK\GHV�
and ketones, with alcohol, are responsible for the green notes in the huiscoyol fruit aroma. Compounds such as 
��EXWDQRO��LVRDP\O�DOFRKRO��DQG���KH[DQRO�DUH�FKDUDFWHULVWLF�LQ�IHUPHQWDWLRQ��3DGLOOD�HW�DO����������7KH�FRQWHQW�RI�
reducing sugars, moisture, and organic acids make huiscoyol a suitable substrate for alcoholic fermentation by 
PLFURRUJDQLVPV��+HUD]R�HW�DO����������

Conclusion

The B. guineensis, indeed present a remarkable opportunity for the development of functional foods in Costa 
5LFD�� ,WV� QXWULWLRQDO� SURÀOH�� KLJKOLJKWHG�E\�KLJK�GLHWDU\�ÀEHU� DQG�SRWDVVLXP� OHYHOV�� DORQJ�ZLWK� ORZ� IDW� FRQWHQW��
positions this palm fruit as valuable addition to health-conscious diets. The presence of proanthocyanidins, 
ÁDYDQROV��DQWKRF\DQLQV�DQG�YLWDPLQ�&�QRW�RQO\�HQKDQFH�LWV�DQWLR[LGDQW�SURSHUWLHV�EXW�DOVR�VXJJHVWV�SRWHQWLDO�KHDOWK�
EHQHÀWV�� 7KH� VWDELOLW\� RI� WKHVH� ELRDFWLYH� FRPSRXQGV� GXULQJ� SURFHVVLQJ�PHDQV� WKDW� WKH� EHQHÀFLDO� SURSHUWLHV� RI�
huiscoyol can be retained in juice. Promoting this underutilized fruit could not only diversify the local agricultural 
landscape but also contribute to economic development through innovative food products. 
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