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This�study�evaluates�the�e൵ectiveness�of�extending�the�shelf�life�of�custard�
DSSOH� �Annona� squamosa�/���KDUYHVWHG� LQ�/DQJ�6RQ� WKURXJK� WUHDWPHQW�
with�di൵erent�antioxidants,�including�sodium�benzoate�(SB)�500�solution.�
DQG������SSP��DVFRUELF� DFLG� �$$������DQG������SSP��EHQ]\O�DGHQLQH�

(BA)�50�and�100�ppm�and�stored�at�cool�temperature�at�15�±�20C.�The�
H[SHULPHQW�ZDV�HYDOXDWHG�EDVHG�RQ�WKH�SDUDPHWHUV�RI�SK\VLRORJLFDO�ORVV�

in�weight�(PLW),�ripening�(%),�storage�life,�spoilage,�¿rmness�and�total�
VROXEOH� VROLGV� �766� �%UL[��� ,QLWLDO� UHVHDUFK� VKRZV� WKDW� DQWLR[LGDQWV� DUH�

signi¿cantly�e൵ective�on�some�post-harvest�quality�parameters�of�custard�
DSSOH�� LQ�ZKLFK� SRVW�KDUYHVW� WUHDWPHQW�ZLWK�%$� ���� SSP� RU� ���� SSP��

signi¿cantly�reduce�weight�loss,�slow�down�physiological�ripening�time,�
UHGXFH� VSRLODJH� UDWH�DQG� LQFUHDVHV� WKH�VWRUDJH� OLIH� RI� FXVWDUG� DSSOHV� WR��

�����GD\V�FRPSDUHG�WR�RQO\�����GD\V�IRU�XQWUHDWHG�IUXLWV�
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Nghiên�cứu�này�đánh�giá�hiệu�quả�kéo�dài�tuổi�thọ�bảo�quản�của�
quả�na�(Annona�squamosa�/���thu�hoạch�tại�Lạng�Sơn�thông�qua�
việc�xử�lý�với�các�chất�chống�oxy�hoá�khác�nhau,�gồm�dung�dịch�
natri�benzoate�(SB)�500�và�1000�ppm,�axit�ascorbic�(AA)�500�và�
1000�ppm,�benzyl�adenine�(BA)�50�và�100�ppm�và�được�bảo�quản�
ở�nhiệt�độ�mát�ở�15�±�2�C.�Thí�nghiệm�được�đánh�giá�dựa�trên�
các�thông�số�hao�hụt�khối�lượng�quả,�độ�chín�sinh�lý,�tuổi�thọ�bảo�
quản,�tỷ�lệ�hư�hỏng,�độ�cứng�và�tổng�lượng�chất�rắn�hoà�tan�(TSS�
�Bx).�Nghiên�cứu�ban�đầu�cho�thấy�chất�chống�oxy�hoá�có�hiệu�
quả�đáng�kể�đối�với�một�số�thông�số�chất�lượng�sau�thu�hoạch�của�
na,�trong�đó�xử�lý�bằng�BA�(50�ppm�hoặc�100�ppm)�sau�thu�hoạch�
đã�cải�thiện�đáng�kể�giúp�giảm�hao�hụt�khối�lượng,�làm�chậm�thời�
gian�chín�sinh�lý,�giảm�tỷ�lệ�hư�hỏng�và�kéo�thời�hạn�bảo�quản�của�
na�lên�14,5�ngày�so�với�những�quả�chưa�được�xử�lý�là�8,5�ngày.

Từ�khóa:

Quả�na,�Annona�squamosa�L���
chất�chống�oxy�hoá,�tuổi�thọ�
bảo�quản�

1.�Introduction�

7KH� FXUWDUG� DSSOH� �Annona� squamosa� /���
KDV� HPHUJHG� LQ� UHFHQW�\HDUV� DV� D� IUXLW�ZLWK� KLJK�

HFRQRPLF� YDOXH�� ([SDQGLQJ� WKH� FXOWLYDWLRQ�

DUHDV� IRU� WKLV� IUXLW� LV� FRQVLGHUHG� D� VROXWLRQ� WR�

UHVWUXFWXULQJ� FURS� V\VWHPV� LQ� PDQ\� QRUWKHUQ�

PRXQWDLQRXV� SURYLQFHV� RI� 9LHWQDP�� DLPHG� DW�

improving�land�use�e൶ciency,�exploiting�regional�
SRWHQWLDO��DQG�WUDQVIRUPLQJ�WKH�VXJDU�DSSOH�LQWR�D�

EUDQGHG�VSHFLDOW\�SURGXFW�LQ�WKH�PDUNHW��

7KLV� VWXG\� DLPV� WR� LGHQWLI\�ZKLFK� DQWLR[LGDQW�

can�e൵ectively�prolong�the�post-harvest�shelf�life�of�

VXJDU�DSSOHV��Annona�squamosa�/����7KH�VHOHFWHG�
DQWLR[LGDQW� ZLOO� WKHQ� EH� IXUWKHU� VWXGLHG� LQ� WHUPV�

RI�FRQFHQWUDWLRQ�DQG�FRPELQHG�ZLWK�RWKHU� IDFWRUV�

WR� RSWLPL]H� WKH� SUHVHUYDWLRQ� GXUDWLRQ� RI� FXUWDUG�

DSSOHV��WKHUHE\�IDFLOLWDWLQJ�WKHLU�FRPPHUFLDOL]DWLRQ�

LQ�GLVWDQW�PDUNHWV��-DLQ�HW�DO���������

2.�Literature�Review�

The� curtard� apple� contains� signi¿cant�

QXWULWLRQDO� YDOXH��7KH� HGLEOH� SRUWLRQ�� RU� SXOS�� LV�

soft�and�creamy�with�a�sweet,�blended�Àavor.�Every�

���J�RI�WKH�HGLEOH�SRUWLRQ�FRQWDLQV�SURWHLQ������J���
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fat�(0.5-0.6�g),�carbohydrates�(23.5�g),�crude�¿ber�
��������� J��� FDOFLXP� ������ PJ��� SKRVSKRUXV� ����

PJ��� LURQ� ����� PJ��� WKLDPLQH� ������������� PJ���

riboÀavin�(0.086-0.175�mg),�ascorbic�acid�(15.0-
�����PJ���DQG�QLFRWLQLF�DFLG������PJ���-DLQ�HW�DO���

�����

+RZHYHU�� WKH� SUHVHUYDWLRQ� RI� FXUWDUG� DSSOHV�

IDFHV�PDQ\�FKDOOHQJHV��ZLWK�SRVW�KDUYHVW�ORVV�UDWHV�

DYHUDJLQJ� EHWZHHQ� ������� �6DKX� HW� DO��� �������

7KH�FXUWDUG�DSSOH� LV� D�FOLPDFWHULF� IUXLW��SURQH� WR�

VSRLODJH�� DQG�KDV� D� YHU\�VKRUW� VKHOI� OLIH� �:LOO� HW�

DO��������.�Cold�storage�is�not�an�e൵ective�method�
IRU�SUHVHUYLQJ�WKLV�IUXLW��,I�OHIW�RQ�WKH�WUHH�IRU�WRR�

ORQJ��WKH�IUXLW¶V�VNLQ�ZLOO�VSOLW�RSHQ�� DFFHOHUDWLQJ�

VSRLODJH��'XH�WR�LWV�SHULVKDEOH�QDWXUH��WUDQVSRUWLQJ�

sugar� apples� to� distant� markets� is� di൶cult.� The�
ELJJHVW�REVWDFOH�WR�FRPPHUFLDOL]LQJ�WKLV�IUXLW�OLHV�

LQ� LWV� SHULVKDELOLW\��ZLWK� DQ� DYHUDJH� SRVW�KDUYHVW�

VKHOI�OLIH�RI�RQO\���WR���GD\V�DW�URRP�WHPSHUDWXUH��

7KLV�FKDOOHQJH�GULYHV�XS�SURGXFW�SULFHV�DQG�UHVXOWV�

LQ�D�KLJK�VSRLODJH�UDWH��D�SUREOHP�WKDW�KDV�\HW�WR�

EH�UHVROYHG��7KHUHIRUH��GHYHORSLQJ�WHFKQRORJ\�WR�

H[WHQG�WKH�SRVW�KDUYHVW�VKHOI�OLIH�RI�VXJDU�DSSOHV�LV�

DQ�XUJHQW�QHFHVVLW\��3DWLGDU�HW�DO���������

5HVHDUFK� KDV� VKRZQ� WKDW� DQWLR[LGDQWV� DUH�

PROHFXOHV� FDSDEOH� RI� SUHYHQWLQJ� RU� VORZLQJ� WKH�

R[LGDWLRQ� RI� RWKHU� PROHFXOHV�� 7KHVH� UHGXFLQJ�

DJHQWV�SUHYHQW�R[LGDWLRQ�E\�QHXWUDOL]LQJ� UHDFWLYH�

R[\JHQ� VSHFLHV� EHIRUH� WKH\� FDQ� FDXVH� FHOOXODU�

GDPDJH� �+DOOLZHOO� HW� DO��������� 6HYHUDO� UHSRUWV�

KDYH� LQGLFDWHG� WKDW� WKH� XVH� RI� SRVW�KDUYHVW�

DQWLR[LGDQWV��VXFK�DV�EHQ]\O�DGHQLQH��%$���VRGLXP�

EHQ]RDWH��6%���DQG�DVFRUELF�DFLG��$$���KDV�EHHQ�

e൵ective� in� reducing� weight� loss,� minimizing�
VSRLODJH�� DQG� H[WHQGLQJ� WKH� VKHOI� OLIH� RI� YDULRXV�

IUXLWV��VXFK�DV�PDQJRHV�IRU�XS�WR����GD\V��$KPHG�HW�

DO���������SDSD\DV�IRU�XS�WR�������GD\V��5DYLNLUDQ�

HW�DO����������DQG�JXDYDV�IRU���GD\V��-D\DFKDQGUDQ�

HW�DO����������0RUHRYHU��WKH�DSSOLFDWLRQ�RI�6%�����

DQG�$$������ SSP� SRVW�KDUYHVW� KDV� EHHQ�VKRZQ�

E\�3DGPDODWKD�HW�DO����������to�e൵ectively�reduce�
weight�loss�and�subsequently�increase�shelf�life.

3.�Methods��

�([SHULPHQWDO�6HWXS��

&XVWDUG� DSSOHV� �Annona� squamosa��� /�� ZLOO�

be�selected�based�on�uniformity�in�size,�¿rmness,�

DQG� WKH� DEVHQFH� RI� SHVWV�� GLVHDVHV�� EUXLVHV�� RU�

PHFKDQLFDO� LQMXULHV�� 7KH� IUXLWV� ZLOO� EH� ZDVKHG�

XQGHU� UXQQLQJ�ZDWHU� WR� UHPRYH�DQ\�DGKHUHG� GLUW�

DQG�WKHQ�DLU�GULHG�LQ�WKH�VKDGH���

7KH� VXUIDFH� RI� WKH� FXVWDUG� DSSOHV� ZLOO� EH�

VWHULOL]HG� XVLQJ� D� ����� EDYLVWLQ� VROXWLRQ� IRU� ��

PLQXWHV��$IWHU�WKDW��WKH�VDPSOHV�ZLOO�EH�LPPHUVHG�

LQ�DQWLR[LGDQW�VROXWLRQV�IRU����PLQXWHV��FRQVLVWLQJ�

RI� VRGLXP� EHQ]RDWH� �6%��� DVFRUELF� DFLG� �$$���

EHQ]\O� DGHQLQH� �%$���DQG� D�FRQWURO�JURXS�� (DFK�

H[SHULPHQW�ZLOO�EH� UHSHDWHG�WKUHH� WLPHV�ZLWK� WKH�

IROORZLQJ�WUHDWPHQW�IRUPXODWLRQV�

Formular Description�

&7� &RQWURO

&7� 6%����SSP

&7� 6%�����SSP

&7� $$����SSP

&7� $$�����SSP

&7� %$���SSP

&7� %$����SSP

$IWHU�WUHDWPHQW��WKH�IUXLW�VDPSOHV�ZLOO�EH�GULHG�

and�stored�at�a�cool�temperature�of�15�±�2°C.�The�

IRUPXODV�ZLOO� EH�PRQLWRUHG� IRU�ZHLJKW� ORVV� �����

fruit� ¿rmness,� total� soluble� solids� (TSS,� °Brix),�

SK\VLRORJLFDO� ULSHQLQJ�� VKHOI� OLIH�� DQG� WKH� GHFD\�

UDWH� RI� WKH� IUXLW�� 7KH� VDPSOHV� ZLOO� EH� PHDVXUHG�

HYHU\�WZR�GD\V�

�$QDO\WLFDO�0HWKRGV�

����0HWKRG�IRU�'HWHUPLQLQJ�)UXLW�:HLJKW�/RVV�

1DWXUDO�ZHLJKW�ORVV�ZLOO�EH�FDOFXODWHG�XVLQJ�WKH�

IRUPXOD���

X(%)�=�(M1�-�M2)�/�M1�*�100
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:KHUH���

-�X�is�the�natural�weight�loss�at�each�monitoring�
LQWHUYDO�����

��0��LV�WKH�IUXLW�ZHLJKW�EHIRUH�VWRUDJH��J��

�� 0�� LV� WKH� IUXLW� ZHLJKW� DW� HDFK� PRQLWRULQJ�

LQWHUYDO��J��

���� 0HWKRG� IRU� 'HWHUPLQLQJ� 3K\VLRORJLFDO�

5LSHQLQJ�DQG�6KHOI�/LIH�

Ripening� is� identi¿ed� by� the� appearance� of�
OLJKW� \HOORZ� FRORUDWLRQ� EHWZHHQ� WKH� DLU� VSDFHV��

OLJKW� JUHHQ� VNLQ�� VRIWQHVV�� DQG� D� FKDUDFWHULVWLF�

DURPD��7KH�QXPEHU�RI� ULSHQHG� IUXLWV� LV� UHFRUGHG�

RQ� HDFK� VDPSOLQJ� GD\�� DQG� WKH� ULSHQLQJ� UDWH� LV�

calculated.� The� number� of� days� required� for�
ULSHQLQJ�LV�GHWHUPLQHG�DV�WKH�VWDJH�ZKHQ�PRUH�WKDQ�

����RI�WKH�VWRUHG�IUXLWV�KDYH�ULSHQHG��)UXLW�GHFD\�

is�identi¿ed�through�visual�observations,�such�as�
fungal�infection,�subsequent�rotting,�overripeness,�
FUDFNLQJ��EURZQLQJ��DQG�GLVFRORUDWLRQ�

����0HWKRG�IRU�'HWHUPLQLQJ�)UXLW�'HFD\�5DWH�

Fruit� decay� is� identi¿ed� through� visual�
observations�such�as�fungal�infection,�subsequent�
URWWLQJ�� RYHUULSHQHVV�� FUDFNLQJ�� EURZQLQJ�� DQG�

GLVFRORUDWLRQ�� 7KH� QXPEHU� RI� GHFD\HG� IUXLWV�

LQ� HDFK� UHSHWLWLRQ� LV� FRXQWHG� DQG� H[SUHVVHG� DV�

WKH� SHUFHQWDJH� RI� GHFD\� ����� 7KH� GHFD\� UDWH� LV�

FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD���

'HFD\�UDWH����� ��%���$������

:KHUH�� � �� $� LV� WKH� WRWDO� QXPEHU� RI� IUXLWV�

PRQLWRUHG�

��%�LV�WKH�QXPEHU�RI�GHFD\HG�IUXLWV�

����Method�for�Determining�TSS�(°Brix):

7KH�WRWDO�VROXEOH�VROLGV��766��ZLOO�EH�PHDVXUHG�

XVLQJ�D�KDQGKHOG�UHIUDFWRPHWHU�

����0HWKRG�IRU�'HWHUPLQLQJ�)UXLW�)LUPQHVV�

)LUPQHVV� ZLOO� EH� PHDVXUHG� XVLQJ� WKH� )+7�

1122� handheld� ¿rmness� tester.� Fruit� ¿rmness�
LV�GHWHUPLQHG�E\� WKH�GHSWK�RI� SHQHWUDWLRQ�RI� WKH�

probe�into�the�fruit�Àesh�(mm)�under�the�inÀuence�

of�a�speci¿c�weight�(200g)�over�a�¿xed�period�(30�

VHFRQGV��

����0HWKRG�IRU�'HWHUPLQLQJ�6WRUDJH�'XUDWLRQ�

7KH� VWRUDJH� SHULRG� LV� FRQVLGHUHG� RYHU� ZKHQ�

PRUH� WKDQ� ���� RI� WKH� IUXLWV� LQ� WKH� VDPSOH�

VKRZ� VLJQV� RI� GHFD\� �DUH� QR� ORQJHU� VXLWDEOH� IRU�

FRQVXPSWLRQ���7KLV�SHULRG�LV�H[SUHVVHG�LQ�GD\V�

�'DWD�3URFHVVLQJ�0HWKRG�

7KH�GDWD�LV�SUHVHQWHG�DV�WKH�DYHUDJH� UHVXOW�RI�

WKUHH� UHSHWLWLRQV� DQG� DQDO\]HG� XVLQJ� 6WXGHQW¶V�

7�WHVW�DQG�*UDSK3DG�����VRIWZDUH�

4.�Results�and�Discussions

���� Eৼect� of� Antioxidants� on� Post-Harvest�

:HLJKW�/RVV�RI�&XVWDUG�$SSOH

� � � � � �� �� ��
�

�

�

�

�

��
&7�
&7�
&7�
&7�
&7�
&7�
&7�

1Jj\

3:/����

Figure�1.�The�E൵ect�of�Antioxidants�on�Post-Harvest�Weight�Loss�of�Custard�Apple
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)LJXUH���VKRZV�WKDW�WKH�SRVW�KDUYHVW�ZHLJKW�ORVV�

RI� FXVWDUG� DSSOHV� ���� LQFUHDVHG�RYHU� WKH� VWRUDJH�

SHULRG��+RZHYHU�� WKH�ZHLJKW�ORVV�ZDV�JUHDWHVW�LQ�

WKH�FRQWURO�VDPSOH��&7���RQ�DOO�PRQLWRULQJ�GD\V��

7KLV�LQGLFDWHV�WKDW�WKH�DQWLR[LGDQW�WUHDWPHQWV�KDG�

a�signi¿cant�e൵ect�in�reducing�the�weight�loss�of�
FXVWDUG�DSSOHV�DIWHU�KDUYHVW��7KH�OHDVW�ZHLJKW�ORVV�

RFFXUUHG�LQ�WKH�VDPSOHV�WUHDWHG�ZLWK����SSP�%$�

�&7���DQG�����SSP�%$��&7����ZLWK�FRUUHVSRQGLQJ�

YDOXHV� RI� ������ DQG� ������ RQ� GD\� ���� DQG� WKH�

di൵erences�were�statistically�signi¿cant�compared�

to� the� other� samples� at� a� signi¿cance� level� of�
α=0.05.� This� can� be� explained� by� the� strong�
ELRDFWLYLW\� RI� %$�� ZKLFK� VORZV� ELRFKHPLFDO�

FKDQJHV�� WKHUHE\� GHOD\LQJ� WKH� ULSHQLQJ� SURFHVV�

DQG� UHGXFLQJ�ZDWHU� ORVV� GXULQJ� VWRUDJH� �6DKX� HW�

DO��������	�5DYLNLUDQ�HW�DO����������7KHVH�UHVXOWV�

DUH� FRQVLVWHQW� ZLWK� SUHYLRXV� VWXGLHV�� ZKHUH� %$�

WUHDWPHQW� UHGXFHG� SRVW�KDUYHVW� ORVVHV� LQ� FXUU\�

OHDYHV� �*HHWKDODNVKPL�HW�DO���������DQG�ZDV�DOVR�

UHSRUWHG� WR�PLQLPL]H�ZHLJKW�ORVV�LQ�SDSD\D�DIWHU�

KDUYHVW��5DPHVK�HW�DO���������

4.2� Eৼect� of�Antioxidants� on� Physiological� Ripening� and� Shelf� Life� of� Custard�Apples�After�
Harvest

� � � �
�

�

��

��

��
&7�
&7�
&7�
&7�
&7�
&7�
&7�

&KL�WLrX�WKHR�G}L

1Jj\

Figure�2.�The�E൵ect�of�Antioxidants�on�Physiological�Ripening�and�Shelf�Life��
of�Custard�Apples�After�Harvest

7KH� SRVW�KDUYHVW� ULSHQLQJ� WLPH� RI� FXVWDUG�

apples� di൵ered� signi¿cantly� at� a� signi¿cance�

level� of� α=0.05.� The� shortest� ripening� time�was�
����GD\V�LQ�WKH�FRQWURO�VDPSOH��ZKLOH� WKH�ORQJHVW�

ZDV����GD\V� LQ�WKH�VDPSOHV� WUHDWHG�ZLWK����SSP�

%$� DQG� ���� SSP� %$�� &XVWDUG� DSSOHV� WUHDWHG�

ZLWK�6%�DQG�$$�UHDFKHG�IXOO�ULSHQHVV�EHWZHHQ���

DQG���GD\V��)LJXUH�����%$�KDV�DOVR�EHHQ�QRWHG�WR�

GHOD\� ULSHQLQJ� LQ�SDSD\D� �5DYLNLUD�HW� DO��� ��������

JXDYD� �-D\DFKDQGUDQ� HW� DO��� ������� DQG� JUDSHV�

�3DGPDYDWKL�HW�DO����������

7KH�VKRUWHVW�VKHOI�OLIH�ZDV�REVHUYHG�LQ�WKH�FRQWURO�

VDPSOH�� LQGLFDWLQJ� WKDW� DQWLR[LGDQWV� H[WHQGHG�

WKH� VWRUDJH� WLPH� RI� WKH� FXVWDUG� DSSOHV�� 7KH� PRVW�

signi¿cant� e൵ect� was� seen� in� the� samples� treated�
ZLWK����SSP�%$�DQG�����SSP�%$��ZKLFK�KDG�VKHOI�

OLYHV�RI����DQG������GD\V��UHVSHFWLYHO\²����DQG���

GD\V�ORQJHU�WKDQ�WKH�FRQWURO�VDPSOH��$FFRUGLQJ�WR�

5DYLNLUDQ�5HGG\��5DYLNLUD�HW�DO�����������WKH�VWURQJ�

DQWLR[LGDQW� DFWLYLW\� RI�%$�PD\� VORZ� WKH� ULSHQLQJ�

SURFHVV� E\� UHGXFLQJ� UHVSLUDWLRQ� LQWHQVLW\� DQG�

HWK\OHQH�SURGXFWLRQ�ZKLOH�DFWLQJ�DV�D�SUHVHUYDWLYH�WR�

delay�fruit�aging.�These�¿ndings�are�consistent�with�
SUHYLRXV�VWXGLHV�VKRZLQJ�WKDW�%$��ZKHQ�FRPELQHG�

ZLWK�FKLWRVDQ�DQG�&D&O���H[WHQGHG�WKH�VWRUDJH�OLIH�

RI�FXVWDUG�DSSOHV��3DWLGDU�HW�DO����������SURORQJHG�WKH�

VKHOI�OLIH�RI�FXUU\�OHDYHV�E\���GD\V��*HHWKDODNVKPL�

HW� DO����������H[WHQGHG�PDQJR�VWRUDJH� E\����GD\V�

�$KPHG�HW�DO����������DQG�LQFUHDVHG�SDSD\D�VWRUDJH�
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XS�WR�������GD\V��5DYLNLUD�HW�DO����������-D\DFKDQGUDQ�

HW�DO��� �������UHSRUWHG� WKDW�DSSO\LQJ����RU����SSP�

%$�SRVW�KDUYHVW�H[WHQGHG�WKH�VKHOI�OLIH�RI�XQWUHDWHG�

JXDYD�E\� �� GD\V��3DGPDODWKD�HW�DO��� ������� IRXQG�

WKDW�LQ�JUDSHV��SRVW�KDUYHVW�DSSOLFDWLRQ�RI�����SSP�

6%�DQG������SSP�$$�SURGXFHG�WKH�EHVW�UHVXOWV�E\�

e൵ectively�reducing�weight�loss�and�increasing�shelf�
OLIH��%KDJZDQ�HW�DO����������UHSRUWHG�WKDW�DSSO\LQJ�

����SSP�6%�DQG����ZD[�SRVW�KDUYHVW�H[WHQGHG�WKH�

shelf�life�of�bananas�(cv.�Robusta)�at�20°C.

4.3.�The�eৼect�of�antioxidants�on�the�post-harvest�quality�changes�of�custard�apple

4.3.1�The�eৼect�of�antioxidants�on�the�change�in�TSS�(°Brix)�of�post-harvest�custard�apple
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Figure�3.�The�E൵ect�of�Antioxidants�on�the�Change�in�TSS�of�post-harvest�Custard�Apples�

The� TSS� (°Brix)� of� custard� apples� increased�
signi¿cantly� during� storage.� TSS� in� all� samples�
EHJDQ�WR�ULVH�UDSLGO\�RQ�GD\V���DQG����SHDNHG�RQ�

GD\� ���� DQG� WKHQ� JUDGXDOO\�GHFUHDVHG�E\�GD\� ���

RI�VWRUDJH��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�

FXVWDUG�DSSOHV�DUH�FOLPDFWHULF�IUXLWV��PHDQLQJ�WKDW�

UHVSLUDWLRQ�LQWHQVLW\�LQFUHDVHV�WR�D�SHDN�DQG�WKHQ�

JUDGXDOO\� GHFOLQHV��7KLV� UHVXOW� LV� FRQVLVWHQW�ZLWK�

&KHQJ¶V� VWXG\� >��@� RQ� SRVW�KDUYHVW� ULSHQLQJ� RI�

FXVWDUG�DSSOHV�

The� TSS� (°Brix)� increased� most� rapidly� and�
signi¿cantly�in�the�control�sample,�reaching�a�peak�

of�25.67�°Brix�on�day� 10,�which� is� explained� by�

the�rapid�ripening�process�[2].�The�TSS�(°Brix)�in�

WKH�DQWLR[LGDQW�WUHDWHG�VDPSOHV�ZDV�ORZHU�WKDQ�LQ�

WKH�FRQWURO��ZLWK�WKH�ORZHVW�YDOXHV�REVHUYHG�LQ�WKH�

VDPSOHV�WUHDWHG�ZLWK����SSP�DQG�����SSP�%$��7KLV�

FRXOG�EH�GXH�WR�WKH�KLJK�ELRDFWLYLW\�RI�%$��ZKLFK�

PD\�KDYH�VORZHG�WKH�ULSHQLQJ�SURFHVV��7KHVH�766�

UHVXOWV� DOLJQ� ZLWK� SUHYLRXV� VWXGLHV� RQ� GHOD\LQJ�

ULSHQLQJ� LQ� PDQJRHV� �$KPHG� HW� DO��� ������� � DQG�

SDSD\DV��5DYLNLUD�HW�DO�����������ZKHQ�WUHDWHG�ZLWK�

����SSP�%$�

4.3.2�The�eৼect�of�antioxidants�on�the�change�in�¿rmness�of�post-harvest�custard�apple
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Figure�2.�The�e൵ect�of�antioxidants�on�the�ahange�in�¿rmness�of�post-harvest�custard�apples�
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Fruit� ¿rmness� is� one� of� the� key� physical�
LQGLFDWRUV� GXULQJ� VWRUDJH�� GHWHUPLQLQJ� IUXLW�

quality� and� inÀuencing� consumer� acceptance.�
The� ¿rmness� of� custard� apples� decreased� in� all�
samples�and�dropped�signi¿cantly�from�days�8�to�
���RI�VWRUDJH��7KH�FRQWURO�VDPSOH��&7���VKRZHG�

D� YHU\� VKDUS� GHFOLQH�� HVSHFLDOO\� LQ� WKH� ODVW� WKUHH�

monitoring�days,�with�¿rmness�reaching�0�kg/cm²�

on�day�10.�Higher�¿rmness�levels�were�recorded�
LQ� WKH� VDPSOHV� WUHDWHG� ZLWK� ��� SSP� DQG� ����

SSP�%$��ZKLFK�H[WHQGHG� WKH� VWRUDJH� OLIH� RI� WKH�

FXVWDUG� DSSOHV� WR����DQG������GD\V�� UHVSHFWLYHO\��

while� maintaining� higher� ¿rmness.� This� ¿nding�
LV�FRQVLVWHQW�ZLWK�SUHYLRXV�VWXGLHV��ZKHUH�WUHDWLQJ�

guava�with�50�ppm�BA�resulted�in�higher�¿rmness�
�-D\DFKDQGUDQ�HW�DO���������

4.4�The�eৼect�of�antioxidants�on�the�decay�rate�of�post-harvest�custard�apple
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Figure�3.�The�e൵ect�of�antioxidants�on�the�decay�rate�of�post-harvest�custard�apples

The�decay�rate�of�custard�apples�signi¿cantly�
GHFUHDVHG�LQ�WKH�VDPSOHV�WUHDWHG�ZLWK�DQWLR[LGDQWV�

DW�DQ\�FRQFHQWUDWLRQ�EHIRUH�GD\�����+RZHYHU��WKLV�

UDWH�LQFUHDVHG�VKDUSO\�E\�GD\�����UHDFKLQJ������

RQ�GD\����LQ�WKH�FRQWURO�VDPSOH�DQG�LQ�WKH�VDPSOHV�

WUHDWHG�ZLWK������SSP�6%������SSP�$$��DQG������

SSP�$$��7KH� RQO\�H[FHSWLRQV�ZHUH� WKH�VDPSOHV�

WUHDWHG� ZLWK� %$� DW� ERWK� FRQFHQWUDWLRQV� DQG� ����

SSP�6%�� 7KH� ORZHVW� GHFD\� UDWHV�ZHUH� REVHUYHG�

LQ�WKH�VDPSOHV�WUHDWHG�ZLWK����SSP�DQG�����SSP�

%$��&7��DQG�&7����ZLWK�WKH�VDPSOH�WUHDWHG�ZLWK�

����SSP�%$�VKRZLQJ�FRPSOHWH�GHFD\�RQO\�DIWHU�

���GD\V��7KLV�FRXOG�EH� DWWULEXWHG� WR�%$¶V�VWURQJ�

DQWLR[LGDQW� DFWLYLW\�� ZKLFK� KHOSV� HOLPLQDWH� IUHH�

UDGLFDOV� DQG� VORZ� WKH� GHFD\� SURFHVV� LQ� FXVWDUG�

DSSOHV��7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�SUHYLRXV�

VWXGLHV�� ZKHUH� %$� WUHDWPHQW� GHOD\HG� GHFD\� LQ�

JXDYDV� �-D\DFKDQGUDQ� HW� DO��� ������ DQG� SDSD\DV�

�5DYLNLUD�HW�DO���������

5.�Conclusion�

%DVHG� RQ� WKH� FXUUHQW� VWXG\�� LW� FDQ� EH�

FRQFOXGHG� WKDW�SRVW�KDUYHVW�DSSOLFDWLRQ�RI�%$�DW�

concentrations�of�50�ppm�or�100�ppm�signi¿cantly�
H[WHQGHG� WKH� VKHOI� OLIH� RI� FXVWDUG� DSSOHV� E\� ��

GD\V�FRPSDUHG�WR�XQWUHDWHG�IUXLW��7UHDWPHQW�ZLWK�

benzyl� adenine� e൵ectively� reduced� weight� loss�
and�maintained�fruit�¿rmness�by�slowing�down�the�
ULSHQLQJ�SURFHVV��%HQ]\O�DGHQLQH��DQ�DQWLR[LGDQW�

and�free�radical�scavenger,�may�e൵ectively�reduce�
HWK\OHQH� SURGXFWLRQ�� WKXV� GHOD\LQJ� WKH� ULSHQLQJ�

RI� FXVWDUG�DSSOHV� LQ� WKLV� VWXG\��7KHUHIRUH�� IXWXUH�

UHVHDUFK�FRXOG�H[SORUH�FRPELQLQJ�%$�ZLWK�RWKHU�

VXEVWDQFHV�DQG�YDU\LQJ�WHPSHUDWXUH�FRQGLWLRQV�WR�

RSWLPL]H�WKH�SRVW�KDUYHVW�VWRUDJH�WLPH�RI�FXVWDUG�

DSSOHV�� IDFLOLWDWLQJ� WUDQVSRUW� WR� PRUH� GLVWDQW�

PDUNHWV� DQG� HQKDQFLQJ� WKH� FRPPHUFLDO� YDOXH�RI�

WKH�SURGXFW�
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